
Abstract 

The novel coronavirus (SARS-CoV-2) has distinct clinical
manifestations that can vary from an asymptomatic condition to
severe acute respiratory failure. Phenotypes are attributable to
different pathophysiological mechanisms and require different
treatment strategies. The assessment and identification of differ-
ent phenotypes can guide therapy configurations such as oxygen
therapy, non-invasive ventilation, airway management, and tra-
cheal intubation. Further studies are essential to provide informa-
tion on the influence of phenotypes in the decision of rehabilita-
tion strategies. The sequelae left in the respiratory system of
COVID-19 survivors and its limitations will be a challenge for
rehabilitation services worldwide. Lung injuries are directly

related to the phenotypes presented, and depending on the degree
of these injuries, rehabilitation strategies can be targeted. We
believe that differentiating patients, according to their respective
phenotypes, can improve decision-making in treatment and indi-
vidualized rehabilitation.

The novel coronavirus (SARS-CoV-2) has distinct clinical
manifestations that can vary from asymptomatic to severe acute
respiratory failure [1]. Imaging features of viral pneumonia asso-
ciated with SARS-CoV-2 may also vary from mild opacification
with near-normal radiographs to tomographic spectra such as
ground-glass opacifications (83%), ground-glass opacifications
with mixed consolidation (58%), pleural thickening (52%), inter-
lobular septal thickening (48%) and air bronchograms (46%). The
clinical representation of the most severe phenotype is acute res-
piratory failure, which can rapidly progress to hypoxemia [1].
Critical illness with severe acute respiratory failure, shock, and
multiorgan dysfunction is found amongst approximately 5% of
patients [2].

Phenotypes are attributable to different pathophysiological
mechanisms and require different treatment strategies. Gattinoni
et al. [3] proposed a classification in two phenotypes. Phenotype
“L” or “low” present low elastance, low perfusion ventilation
(VA/Q), low pulmonary weight, and low lung recruitment capaci-
ty. On the other hand, phenotype “H” or “high” present high elas-
tance, high shunt right-left, high pulmonary weight, and high pul-
monary recruitment [3].

Robba et al. [4] proposed to classify different phenotypes
based on computed tomographic scan (CT), to stage lung disease
by COVID-19 in three phenotypes of viral pneumonia SARS-
CoV-2. Phenotype-1 is similar to the low phenotype proposed by
Gattinoni et al. [3]. Phenotype-2 is a transitional phenotype, which
reflects the evolution of the disease while phenotype-3 corre-
sponds to the “high” Gattinoni et al. [3] phenotype.

Comorbidities, direct lung damage from COVID-19, and
simultaneous injuries to other organs are important factors that
need to be considered in order to elaborate a rehabilitation treat-
ment plan for patients recovering from COVID-19. The most like-
ly early complications are acute respiratory distress syndrome,
sepsis, septic shock, multiple organ failure, acute kidney, and car-
diac injuries. These complications contribute to the need for ICU
admissions; however, we still do not know how long these com-
plications last, nor their clinical repercussions [5]. 

Chest CT assessment is extremely important to individualize
treatment and mechanical ventilation settings. In our opinion,
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given the low resolution of plain radiography, we recommend that
chest CT should be performed in all critically ill patients. Typical
findings of chest CT in COVID-19 include bilateral infiltrates with
multiple ground-glass opacities or consolidation without oedema.
Some patients also exhibit asymmetric oedematous lesions and
atelectasis or dispersed fibrosis [6]. 

The assessment and identification of different phenotypes can
guide therapy configurations such as oxygen therapy, non-invasive
ventilation, airway management and tracheal intubation, prone
position, inhaled nitric oxide, recruitment manoeuvres, and extra-
corporeal membrane oxygenation. In addition, tomographic phe-
notypes are associated with other clinical manifestations and dis-
ease severity like hypercoagulability, hemodynamic instability,
cardiac injury, and sepsis. These manifestations can also be indi-
rect predictors of weaning difficulty and extubation failure [4].
Further studies are essential to provide information on the influ-
ence of phenotypes in the decision of rehabilitation strategies. 

Practical and viable respiratory rehabilitation guidelines for
patients with COVID-19 were organized based on the consensus
and references of Chinese frontline specialists. [7]. Current guide-
lines focus on two main targets: i) short-term goal of pulmonary
rehabilitation aiming to relieve dyspnoea and anxiety and depres-
sion symptoms; ii) long-term goal to preserve the patient’s general
functionality, improve QoL and facilitate return to regular daily life
activities [7]. Before tailoring a post-COVID-19 rehabilitation pro-
gram, it is prudent to assess the risks of exercise based on clinical,
laboratory, and CT exams, without forgetting to evaluate comor-
bidities. The identification of the phenotypes must be part of the
design of the pulmonary rehabilitation program, and this classifi-
cation must be included in the study protocols.

Multi-professional approach using questionnaires to evaluate
health-related quality of life (HRQoL), daily activities, nursing
evaluation, psychological and nutritional status, are part of a qual-
itative analyses instruments that must also be a part of post-
COVID-19 treatment protocols [7]. The results of these assess-
ments revolve around with the patient’s aerobic capacity, muscle
strength, balance, and flexibility to formulate an individualized
and progressive rehabilitation prescription [7].

COVID-19 is advancing rapidly; still, health-related agencies
and societies do not have evidence-based guidelines. However,
there are some guidelines suggested by health professionals based
on their experiences and opinions of experts [8]. Health teams
must propose an individualized treatment based on case-by-case
evaluation. Direct assessment of the COVID-19’s impact on the
respiratory, neuromuscular, immune, cardiovascular, and kidneys
systems and the sequelae and rehabilitating comorbidities should
be associated with the COVID-19 phenotypic manifestations to
guide treatment plan [8].

The World Health Organization does not have rehabilitation
guidelines and, in particular, pulmonary rehabilitation guidelines, for
post-COVID-19 patients, which is justified by the scarcity of stud-
ies. To the best of our knowledge, there is only one randomized con-
trolled study analysing respiratory, physical, and psychological
capacity outcomes in elderly rehabilitates with different degrees of
COVID-19 clinical expressions [9]. Pulmonary rehabilitation lasted
for six weeks, and the assessment was based on respiratory function,
HRQoL, mobility, and psychological aspects. There was an overall
improvement in all aspects, except on patients’ psychological evalu-
ations on which depression remained [9].

We believe that not all post-COVID-19 patients will develop
significant pulmonary sequelae even in those patients who have
the “high” phenotype [3] or “3” phenotype [4] who needed
mechanical ventilation. These patients will most benefit from pul-

monary rehabilitation programs, which should be aimed at pul-
monary expansion therapy, respiratory muscle training, and
strengthening and aerobic exercises for upper and lower limbs. 

The patient who develops the “high” phenotype will present
greater pulmonary complications, will remain for longer periods of
stay in ICU, develop peripheral muscle weakness, have more
reduction in the functional capacity, and experience greater
fatigue. Therefore, this type of patient will need a long-term fol-
low-up in cardiorespiratory rehabilitation to facilitate muscle train-
ing and functional recovery. For this group of patients, our protocol
should include the use of either non-invasive ventilation or expira-
tory pressure airway positive for pulmonary expansion therapy
(depending on the assessment of lung function), respiratory muscle
training with isokinetic inspiratory load, lower limb cycle ergome-
ters, strengthening muscle exercises and neuromuscular electrical
stimulation for improving functional capacity and recovering mus-
cle strength in patients.

Concerning patients who presented with the other phenotypes,
they may also need pulmonary physical rehabilitation; therefore,
the need to identify the phenotypic manifestations to assess our
patients and outline individualized rehabilitation strategies. The
other phenotypes seem to present fewer impact on lung function
and greater involvement in the cardiovascular system, thus these
patients with “low” phenotype could directly benefit on cardiovas-
cular rehabilitation. Our protocol has focused on cardiovascular
rehabilitation using a stationary bicycle or treadmills, considering
an intensity load ranging from 60 to 85% of the functional capacity
obtained through the maximum heart rate assessed in a maximum
exercise test and in the resistive training of limbs higher with low
load and a greater number of repetitions [10].

The sequelae left in survivors of COVID-19 respiratory system
and its limitations will be a challenge for rehabilitation services
worldwide. Lung injuries are directly related to the phenotypes
presented, and depending on the degree of these injuries, rehabili-
tation strategies can be targeted. We believe that differentiating
patients, according to their respective phenotypes, can improve
decision-making in treatment and individualized rehabilitation.
However, further randomized studies are recommended to confirm
the suggested rehabilitation hypotheses. 
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