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Since coronavirus disease 2019 mainly affects the respiratory system, pulmonary rehabilitation has increased its importance during 
the novel coronavirus pandemic. Healthcare professionals must use appropriate personal protective equipment during rehabilitation of 
patients infected with severe acute respiratory syndrome coronavirus 2. Comorbidities of the patient should be taken into consideration 
while organizing the rehabilitation program. Clinical manifestations range from asymptomatic to acute respiratory distress syndrome. 
There is no need for pulmonary rehabilitation in asymptomatic patients. Pulmonary rehabilitation may be recommended in patients with 
mild-moderate disease. It is advised that patients be followed up during the rehabilitation period. Positioning and passive range of motion 
exercises are beneficial in preventing immobilization complications in patients with critical illness. Post-coronavirus disease 2019 reha-
bilitation program should be established according to the needs and functional levels of the patients. 
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INTRODUCTION

Since the beginning of the pandemic, more than 96 million people worldwide have been infected with severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), causing coronavirus disease 2019 (COVID-19). More than 2 million people 
have been recorded killed by the virus since the disease first emerged in China.1

Pulmonary rehabilitation (PR), as defined by the American Thoracic Society (ATS) and the European Respiratory Society 
(ERS), is an evidence-based, multidisciplinary, and comprehensive intervention for patients with chronic respiratory dis-
eases who are symptomatic and often with limitation in activities of daily living. Individualized pulmonary rehabilitation 
programs provided to the patient in conjunction with medical treatment are designed to reduce symptoms, optimize func-
tional status, increase participation, and reduce healthcare costs by stabilizing or reversing the systemic symptoms of the 
disease.2 To minimize the negative effects of COVID-19, the World Health Organization also recommends rehabilitation 
practices in these patients.3

Post-COVID-19 rehabilitation programs can be diverse and comprehensive. Rehabilitation programs are organized to pre-
vent immobilization complications and secondary musculoskeletal problems and to increase respiratory functions, patient 
independence, and quality of life, taking the patient’s comorbidities into account. The purpose of PR after COVID-19 is 
to decrease dyspnea, relieve anxiety, reduce complications, minimize disability, preserve function, and improve quality 
of life.4

In this review, pulmonary rehabilitation practices and their efficacy after COVID-19 will be discussed with the current 
literature.

CLINICAL AND RESEARCH CONSEQUENCES

General Principles
Since transmission risk is high during the acute phase of COVID-19, PR applications should be performed with minimal 
contact. Telerehabilitation is a safe and cost-effective method mainly used in the treatment of disability caused by different 
neurological diseases such as stroke, spinal cord injury, and multiple sclerosis.5 Also, it has been shown to be an effective 
and safe treatment method in the rehabilitation of different respiratory tract diseases such as chronic obstructive pulmo-
nary disease (COPD), asthma, and cystic fibrosis.2,6 In addition to treatment with telemedicine methods, functional status 
of the patients can also be evaluated. The Hull University-proposed pathway recommends that all COVID-19 survivors 
should be evaluated in terms of rehabilitation needs. Monitoring of symptoms and radiological follow-up, and evaluation 
by a multidisciplinary team 6-12 weeks after discharge were recommended.7 In telerehabilitation applications, patients 
should be evaluated with a multidisciplinary team within the framework of the International Classification of Functioning, 
Disability, and Health.
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In a case series that implemented a telehealth COVID-19 reha-
bilitation model, it has been concluded that rehabilitation via 
telehealth for individuals recovering from COVID-19 was safe 
and feasible. With telemedicine and videoconference meth-
ods, it is possible to evaluate patients, prescribe individualized 
exercise methods, and monitor patients through appropriate 
equipment during exercise.8 However, patients with limited 
cooperation, comorbidities, communication problems, and 
complex symptoms require detailed evaluation, thus telemed-
icine methods may not be suitable for these patients.

If the patient infected with SARS-CoV-2 is not suitable for 
telemedicine and the PR program needs to be implemented 
directly, it is critical that the healthcare professional use 
appropriate personal protective equipment (PPE). It is rec-
ommended that the rehabilitation professional use full PPE 
including gloves, masks, and isolation gowns for all person-
to-person interactions. Also, a face shield and/or goggles 
are recommended if there is a risk of airborne transmis-
sion.9 Recommendations for rehabilitation centers to prevent 
the spread of the disease are given in Table 1.

The main goals of PR are to prevent secretion accumulation 
with appropriate methods (such as positioning, mobiliza-
tion, cough, and postural drainage) and to reduce respiratory 
tract resistance, ensure that respiratory muscles are in proper 
position and function, reduce energy consumption during 
breathing, increase chest mobility, correct postural deformi-
ties, reduce dyspnea, increase general exercise tolerance, 
decrease depression and anxiety, and to increase functional-
ity and quality of life.10

The international task force coordinated by the ERS and ATS 
recommends bedside (critical care and/or ward-based) PR 
for hospitalized patients with COVID-19. It was also recom-
mended that, similar to the case with other critical illnesses, 
at the onset of PR, the patient discharged from the hospital be 
evaluated in terms of compliance. However, it was stated that 
some specialists in the task force had some concerns about 
patient safety due to the possible impact of rehabilitative 

interventions since the understanding of the pathophysiol-
ogy is limited and it is still unknown if there is any threshold 
of disease severity.11 There is not yet a core set for baseline 
assessment of patients.12

Differences in the duration of COVID-19 symptoms also 
create different opinions in the timing of PR. Around 35% 
of patients with polymerase chain reaction (PCR) (+) stated 
that they could not return to their normal health status even 
3 weeks after diagnosis. In the evaluation made 14-21 days 
after the diagnosis of COVID-19, it was stated that 20% of 
patients aged 18-34 could not return to usual health. This 
rate was found to be 47% in patients older than 50 years.13 In 
another study including 143 patients, only 12.6% of individu-
als who were followed up for an average of 60 days after 
the diagnosis of COVID-19 reported no symptoms, 32% 
had 1-2 symptoms, 55% had 3 or more symptoms, 44.1% 
reported worsening in quality of life, 53.1% reported fatigue, 
43.4% reported shortness of breath, 27.3% reported joint 
pain, and 21.7% reported chest pain.14 With this informa-
tion, it can be said that SARS-CoV-2 can cause symptoms that 
may continue for a long time after the disease. This situation 
should not be forgotten while considering patient education 
and PR timing. In addition to the publications suggesting that 
patients should start PR early after COVID-19, there are also 
publications suggesting that patients should be evaluated 
6-8 weeks after discharge.15 There is currently no generally 
accepted recommendation regarding the timing of PR.

Patient education plays an important role in achieving reha-
bilitation success. Patient education can be applied via 
video conferencing, information booklets, telephone calls, 
and video calls. Patients should be educated about the clini-
cal course of COVID-19 and their own comorbidities, if 
any.16 Recommendations for the management of additional 
conditions such as smoking, overweight, inadequate fluid 
intake, and poor sleep hygiene should be offered to patients 
infected with SARS-CoV-2.10 It is recommended to advise and 
educate patients on fatigue, dyspnea, mood disorders, and 
social isolation in the early period after discharge.15

MAIN POINTS

•	 Healthcare professionals are required to use appropriate 
personal protective equipment.

•	 Pulmonary rehabilitation (PR) programs can be presented 
with telerehabilitation methods in eligible patients.

•	 There is no need for PR in asymptomatic patients.

•	 Comorbidities and functional status of the patients should 
be taken into consideration while organizing the PR 
program.

•	 Pulmonary rehabilitation is recommended after patient 
evaluation in COVID-19 pneumonia.

•	 Individualized programs are recommended in PR.

•	 It is recommended to reduce the adverse effects of immo-
bilization and secretion during acute respiratory distress 
syndrome.

•	 High-quality studies are needed for post-COVID-19 exer-
cise recommendations.

Table 1.  Recommendations for Rehabilitation Centers

All healthcare workers should use appropriate PPE.

Surgical mask, eye protection, gloves, and disposable gown 
should be worn during aerosol-generating procedures.

Patients should use a surgical mask during rehabilitation 
practices.

It is recommended to use negative pressure systems and 
HEPA filters in exercise rooms.

There should be at least 30 minutes between patients to be 
evaluated in the exercise test room.

Surfaces should be sanitized after each patient’s 
rehabilitation session.

The number of patients to be rehabilitated at the same time 
should be determined according to the size of the area.

Patient appointments and waiting room should be arranged 
to provide social distance.

PPE, personal protective equipment; HEPA, high-efficiency particulate 
air.
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Emotional state of the patients is an important factor in the suc-
cess of rehabilitation in many diseases that cause disabilities, 
including COVID-19. Cognitive impairment, post-traumatic 
stress disorder, anxiety disorder, chronic pain, sleep distur-
bance, fatigue, and fibromyalgia have been shown in patients 
after COVID-19. It is stated that these emotional changes 
may be caused by a prolonged stay in an intensive care unit 
(ICU), immobilization, social isolation, disruption of the sleep–
wake cycle, as well as general inflammation or neurotropism 
of SARS-CoV-2.17 Therefore, patients should be evaluated in 
terms of emotional functionality within 6-8 weeks after dis-
charge in order to determine their rehabilitation needs.

Pulmonary Rehabilitation Recommendations According to 
the Stage of the Disease
a report of 72 314 cases from the Chinese center for disease 
control and prevention, 81% of the patients were classified 
as mild (without or with mild pneumonia), 14% as severe 
(dyspnea, blood oxygen saturation <93%, partial pressure of 
arterial oxygen to fraction of inspired oxygen ratio <300, or 
lung infiltrates >50% within 24-48 hours), and 5% as critical 
disease (acute respiratory distress syndrome (ARDS), septic 
shock, or multiple organ dysfunction).18

The recommendations made by Zhao  et  al4 for PR after 
COVID-19 are as follows: (1) PR can be used to reduce 
dyspnea, anxiety, and depression, and improve physical 
function and quality of life; (2) early respiratory rehabilita-
tion is not recommended for severely/critically ill patients; 
(3) PR programs for patients should be implemented through 
training videos, informational documents, or telerehabilita-
tion; (4) patients should be evaluated and monitored during 
PR; and (5) in case of face-to-face contact, appropriate PPE 
should be used.

1. Acute Phase Management

a. Asymptomatic Disease Management
There is no need for PR application in asymptomatic patients. 
Low-to-medium intensity stepping and range of motion exer-
cises can be recommended to protect patients from the nega-
tive effects of immobilization during the quarantine period.10

b. Mild Disease Management
No signs of pneumonia on imaging and mild symptoms are 
considered to be mild illness in COVID-19. In mild disease, 
PR can be applied in an outpatient setting using the tele-
health technique.19 Pulmonary rehabilitation program in mild 
disease includes patient education, activity guidance, breath-
ing exercises, airway clearance techniques, anxiety manage-
ment, and physical exercise.4 A home-based rehabilitation 
program can be recommended for patients with mild illness 
and no additional risk factors. The main goal of rehabilitation 
in this patient group is to avoid inactivity complications.19 
The criteria for patient stabilization after COVID-19 infec-
tion include decreased fever, decreased dyspnea, respiratory 
rate <30 breaths/min, and SpO2 >90%. In the period when 
virulence decreases, individualized PR program can be per-
formed for suitable patients. In patients with mild pneumonia, 
range of motion exercises (active-assisted or active), mobili-
zation exercises, general muscle strengthening exercises, and 
bronchial hygiene techniques (use of incentive spirometry or 

triflow, controlled cough, and huffing maneuver) can be given 
in the PR program. It is not necessary to use airway cleaning 
techniques in patients having dry cough and no sputum.10

Patients who do not have additional risk factors after mild 
COVID-19 should have warm-up, exercise, and cool-down 
periods. During warm-up and cool-down, there should be 
at least 5-10 minutes of low-intensity endurance exercises. 
Aerobic exercises and resistance training can be recom-
mended in the exercise program. Aerobic exercises should 
be done >5 days a week, 30-60 minutes per session, and 
targeting 40-59% of heart rate reserve. Resistance exercises 
should aim at strengthening large muscles such as biceps, tri-
ceps, deltoid, pectoralis major, gluteus, iliopsoas, quadriceps, 
hamstring, anterior tibialis, and calf muscles. Strengthening 
exercises can be recommended 2-3 days a week (with appro-
priate rest intervals) using weight 60-70% of the 1 repetition 
maximum, 2-3 sets, and each set with 8-12 repetitions. For 
endurance training, the number of sets can be decreased 
(1-2 sets) and the number of repetitions can be increased 
(15-25 repetitions). Exercise recommendations for mild 
COVID-19 patients with comorbidities should be disease-
specific. In patients with hypertension, blood pressure should 
be monitored during exercise, sufficient cooling exercise 
should be recommended for heart rate and blood pressure 
to return to normal, and movements such as the Valsalva 
maneuver that increase blood pressure should be avoided. 
Exercise should be stopped if patients with cardiovascular dis-
ease have symptoms of exercise intolerance such as shortness 
of breath, palpitations, chest pain, and dizziness. Because of 
the QT prolonging effect of drugs used in the treatment of 
COVID-19, a cardiology consultation may be requested for 
exercise safety. In patients with diabetes mellitus, blood glu-
cose should be controlled before and after exercise. Patients 
should be followed closely for signs of hypoglycemia (tremor, 
abnormal sweating, confusion, visual impairment, etc.).19

Breathing exercises can be performed in COVID-19 patients 
with mild involvement. The purpose of diaphragmatic breath-
ing is for the patient to learn how to use the diaphragm, which 
is the main muscle of inspiration while breathing, and thus to 
minimize the movement of the auxiliary respiratory muscles. 
In diaphragmatic breathing, the first breathing is through 
the nose and the abdomen is inflated, and then the mouth 
is opened and the breath is exhaled. In a randomized con-
trolled trial (RCT) investigating the effectiveness of PR after 
COVID-19 in elderly patients, respiratory muscle training, 
coughing, diaphragmatic breathing, and stretching exercises 
were applied 2 days a week for 6 weeks. Significant increases 
were detected in the respiratory functions, functional capac-
ity, and quality of life of the patients in the intervention group 
at the end of 6 weeks.20 The practices used in respiratory 
physiotherapy including incentive spirometry, respiratory 
muscle training, diaphragmatic breathing, pursed-lip breath-
ing, and bronchial hygiene techniques are not recommended 
in patients with COVID-19 during the acute phase in order 
not to cause an additional burden on the work of breathing.21

c. Moderate/Severe Disease Management
Symptomatic patients with respiratory distress, respiratory 
rate >30/min, resting oxygen saturation <93%, or PaO2/FiO2 
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<300 mmHg are considered as having moderate/severe ill-
ness. Hospitalization and monitoring of these patients are 
recommended.4 Although there is insufficient evidence for 
PR applications in the acute phase of COVID-19, the effi-
cacy and safety of PR in COPD exacerbations have been 
studied previously. It has been reported that PR programs 
increased the exercise capacity and health-related quality of 
life of patients with COPD exacerbations, and no significant 
side effects were observed.22 In addition, there are studies 
indicating that early rehabilitation programs after interstitial 
pneumonia reduce mortality.23 In early PR and mobilization 
practices, besides evaluation of patients, it is important to 
evaluate the hospital conditions and the safety of healthcare 
workers. During PR and mobilization, SARS-CoV-2 aero-
sols may spread into the environment, so proper PPE use is 
essential for the protection of healthcare workers and other 
patients.24 

Due to the risk of disease progression and serious disease 
development in a short time after being infected with SARS-
CoV-2,25 the exercise intensity should be carefully evaluated 
in the PR program and appropriate patients should be moni-
tored. The criteria for the patients not to be included in the 
PR program during the acute disease period are as follows: 
(1) body temperature >38.0°C; (2) if the time to first diagnosis 
or onset of symptoms is 3 days; (3) if the time interval between 
disease onset and dyspnea is ≤3 days; (4) chest image show-
ing >50% progression within 24-48 hours; (5) SpO2 <90%; 
(6) blood pressure <90/60 mmHg or >180/90 mmHg; 
(7) respiratory rate >40/min; (8) heart rate <40/min or >120/
min; (9) the presence of new-onset arrhythmia and myocar-
dial ischemia; and (10) altered level of consciousness.4,26

Physical exercise is the main point of the PR program, but in 
immobile patients, the PR program can be started with pas-
sive or active in-bed exercises.2 During PR, saturation should 
be maintained at >90%. In order to achieve this goal, oxy-
gen support should be used if necessary. Exercise should be 
interrupted if the saturation value falls below 90% or if the 
modified Borg dyspnea scale score is >3.26 Exercise practices 
should also be stopped in the presence of palpitations, chest 
pain, and dizziness.2

d. Critical Disease
Critical illness includes ARDS, sepsis, and septic shock. 
Radiological and clinical worsening is seen in patients with 
ARDS. The patient’s symptoms cannot be explained by 
cardiac functions and fluid overload. Although there are 
publications reporting that lung volumes and spirometric 
measurements were normal by 6 months after ARDS,27 there 
are also publications reporting obstructive involvement in 
6-43% of patients and restrictive effects in 15-58% of patients 
on pulmonary function test performed within the first year 
after ARDS.28 There is insufficient evidence on the effect of 
early mobilization of critically ill patients in ICU on physical 
function, muscle strength, performance, adverse events, and 
health-related quality of life.29

Evidence of septic shock hypotension (systolic blood pres-
sure <90 mmHg, diastolic blood pressure <60 mmHg, or 
vasopressor requirement), clinically significant acute renal, 

hepatic, or neurological dysfunction have been reported 
in COVID-19-infected patients.30 Pulmonary rehabilitation 
application is not recommended during these periods when 
the patient is not stable. Patients who survive severe disease 
should be evaluated individually and a PR program should 
be organized after their viral load decreases. Pulmonary reha-
bilitation application should be stopped in case of progres-
sion of the disease, presence of respiratory rate >30 breaths/
min, increased respiratory workload and dyspnea, SpO2 
<90% under oxygen therapy or more than 4% decrease from 
baseline value, fever, chest pain, dizziness, severe headache, 
symptoms such as visual impairment, imbalance, tinnitus, 
palpitations, excessive sweating, and radiological lesion pro-
gressing more than 50% within 24-48 hours. Positioning, 
passive range of motion (ROM) exercises, and procedures for 
secretion management can be applied to the patient in the 
ARDS period. In positioning, the patient should stay in the 
prone position for 12-16 hours a day. The position of cathe-
ters should be checked during transitions between the supine 
and prone positions and the safety of the patient should be 
ensured. Immobile patients should be checked regularly for 
pressure ulcers. In order to prevent joint contracture, the 
patient should be applied a joint ROM exercises (passive/
active-assisted/active depending on the patient’s condition) at 
least once a day for 15 repetitions.10

2. Post-Acute Phase Management
In the staging of COVID-19, in the early infection stage (stage 
1), symptoms such as fever, diarrhea, and cough are seen; 
dyspnea, hypoxia, and pulmonary involvement are observed 
in the pulmonary phase (stage 2); and in the hyper inflam-
mation phase (stage 3), ARDS, shock, multiple organ failure, 
and death are the undesired outcomes.31 Since the long-term 
effects of the disease are not fully known, post-COVID-19 
PR recommendations are generally based on studies in other 
respiratory diseases and expert opinion.

After the acute phase of the disease, during the recovery 
period, early rehabilitation applications are recommended. 
According to the needs of the patient, neuromotor rehabilita-
tion may be done in a rehabilitation center or at home. Patients 
and healthcare professionals should use appropriate PPE at all 
treatment stages. The oxygen level of the patients should be 
monitored closely and at least 90% peripheral oxygen satu-
ration should be provided. Adequate support should be pro-
vided in terms of psychological advice and counseling in the 
post-COVID-19 period. The intervention should be stopped in 
the presence of symptoms such as high fever, increased short-
ness of breath, tachypnea (>30 breaths per minute), decreased 
peripheral oxygen saturation during exercise (>4%), and respi-
ratory distress. Posture changes and management, including 
prone, sitting, or semi-orthopneic positions, can be done to 
increase systemic oxygenation in COVID-19 patients with 
FiO2 ≥40 and <60%. In the post-acute period, ROM exercises, 
stretching exercises, and ankle pumping exercises can be 
applied to immobile patients. Thrombosis after COVID-19 is 
common; performing these exercises is important for prevent-
ing conditions such as deep vein thrombosis and pulmonary 
embolism. The following can be applied to patients in the PR 
program: controlled breathing, chest–abdominal coordination 
exercises, and clearance techniques.32
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While the oxygen requirements of patients generally 
decrease, the oxygen need of some patients continues after 
discharge.33 Some patients may experience dyspnea and oxy-
gen desaturation during exercise that are not observed at rest. 
For this reason, it is recommended to evaluate the oxygen 
requirement of patients at rest and during effort before dis-
charge.11 As the lung pathology improves, the oxygen need 
of the patients may decrease, so follow-up planning should 
be done to evaluate the oxygen need after discharge. Patients 
with low oxygen needs (FiO2 ≥21 and <40) have better 
functional capacity, and active ROM exercises and muscle 
strengthening exercises can be given to these patients as a 
part of the PR program. It is important to improve mobiliza-
tion and balance in the post-acute period. Fatigue and dys-
pnea levels should be monitored and exercises should be 
started at low intensity. Walking training should be initiated in 
patients who can stand and have appropriate muscle strength. 
Thoracic expansion training, forced inspiration/expiration, 
intensive spirometry, and positive expiratory pressure can be 
used to improve pulmonary function in COVID-19 patients 
with FiO2 ≥21% and <40%.32

In a study where an individualized cardiopulmonary reha-
bilitation program (aerobic exercise and strengthening exer-
cises) was applied to patients after COVID-19, significant 
increases were found in the 6-minute walking test in both 
mechanically ventilated and not ventilated groups.34 There is 
insufficient evidence for the use of aerobic exercises such as 
treadmills and cycle ergometers after COVID-19.

Some of the patients have difficulty during daily activities 
after COVID-19. Patients with long-term hospitalization, seri-
ous illness, comorbidities, and persistent symptoms may have 
difficulty during daily activities.11 It has been shown that most 
of the patients who developed acute respiratory failure due 
to different diseases had significant increases in their physi-
cal functions in the second month after discharge. Advanced 
age, prolonged sedation time, and longer length of stay at 
ICU are factors that negatively affect functional recovery.35 It 
is important to encourage patients to do daily activities within 
6-8 weeks after discharge in order to increase their physical 
functions. However, patient’s oxygen saturation, perceived 
difficulty, and dyspnea should be evaluated regularly.11

Prescribing exercise after COVID-19 is a delicate issue. 
Oxygen desaturation may occur with exercise due to the 
ongoing inflammatory process and persistent symptoms in 
discharged patients. It is stated that moderate-intensity exer-
cises are safe and feasible in critical illness survivors.36 In 
an RCT evaluating the effectiveness of exercise after SARS, 
patients in the exercise group had significant improvement 
in pulmonary function, muscle strength, and 6-minute walk 
distance.37

There are no detailed studies on the effects and prescription of 
exercise after COVID-19. Some clinicians suggest that there 
is no need for exercise restriction in asymptomatic patients 
following mild illness.38 During the mild illness period, a 
low-medium intensity exercise program can be given in 
accordance with the patient’s symptoms, comorbidities, 
and physical capacity. Some clinicians also want to be more 

cautious about prescribing exercise due to the possibility of 
long-term disease, especially cardiovascular complications.39

Although it has been shown that regular exercise has positive 
effects and is a safe method in chronic fatigue syndrome,40 it 
is not clear whether exercise has an effect on fatigue after 
COVID-19. It is known that peripheral muscle dysfunction 
develops in patients with ARDS and those requiring pro-
longed ICU stay. Peripheral muscle weakness is associated 
with immobilization, inflammation, myopathy, neuropathy, 
and medication. Peripheral muscle strengthening is an impor-
tant part of PR in suitable patients with chronic respiratory 
disease. Although there is insufficient evidence for the bene-
fits of lower extremity muscle strengthening after COVID-19, 
it is recommended that patients with lower extremity weak-
ness or dysfunction begin a strengthening program 6-8 weeks 
after discharge.2 The muscle strengthening program should be 
appropriate for the functional level of the patient, applicable, 
and progressive.

Proper protein and calorie intake is required for the patient 
to regain functional muscle mass or to minimize muscle loss. 
Coronavirus disease 2019 patients may experience appetite 
problems, loss of taste and smell, and swallowing disor-
ders.41 Appropriate nutritional supplements and moderate-
intensity physical exercises at home are recommended for 
COVID-19 survivors after discharge.11

It should be kept in mind that COVID-19 survivors may be 
at different functional levels; hence, individualized reha-
bilitation programs should be created. It is recommended to 
perform re-evaluation every 3 months for 1 year after severe 
illness. Follow-up after critical/serious illness should be per-
formed by a multidisciplinary team, taking extrapulmonary 
involvement into consideration.12

Physical examination, laboratory tests, and imaging methods 
can be used in the clinical evaluation of COVID-19 survivors. 
To evaluate respiratory functions, respiratory muscle strength 
assessment and respiratory function test can be done. A man-
ual muscle test, UK Medical Research Council Scale or iso-
kinetic muscle test, and goniometric ROM measurement can 
be used to evaluate exercise capacity. Berg balance scale to 
evaluate balance functions; 6-minute walking test and cardio-
pulmonary exercise test to evaluate aerobic exercise capacity; 
Physical Activity Scale for Elderly and International Physical 
Activity Questionnaire for physical activity assessment; and the 
Barthel index to evaluate activities of daily living can be admin-
istered.4 However, respiratory function test and cardiopulmo-
nary exercise test are not recommended in the acute phase of 
the disease due to the risk of contamination.42 Although exer-
cise capacity can be evaluated remotely and practically with 
sit-to-stand and timed up-and-go tests, exercises should not be 
prescribed to patients based on these tests.43

In addition, scores of symptom scales, infectious disease/
immunological status, hematological data, imaging results, 
cardiorespiratory function, nutritional status, and comorbidi-
ties should be evaluated regularly. It is necessary to monitor 
the gas exchange during the PR process. Although arterial 
blood gas measurement (PaO2/FiO2) is the gold standard for 
evaluation, it is recommended that all patients use pulse 
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oximetry during exercise at home. Evaluation of frailty is 
important to predict the course and effectiveness of PR. In 
frailty measurements, patients should be evaluated for exer-
cise capacity, muscle strength, balance, coordination, nutri-
tion, and psychosocial status multidimensionally.12

3. Chronic Phase/Complications Management
Comorbidities detected in COVID-19 patients are as follows: 
hypertension (55%), coronary artery disease and stroke (32%), 
diabetes mellitus (31%), COPD (7%), malignancy (6%), 
chronic renal failure (4%), gastrointestinal diseases (3%), and 
immunodeficiency (1%).44 In the rehabilitation program to be 
implemented after COVID-19, additional diseases and func-
tional status of the patient should be considered.

Critical disease polyneuropathy (CIP) is a sensorimotor neu-
ropathy with axonal degeneration. It can be seen in up to 
46% of patients hospitalized in the ICU with a diagnosis of 
ARDS. Clinical signs of CIP are atrophy, distal sensory loss, 
symmetrical weakness (respiration may be negatively affected 
by diaphragm involvement), and decrease or absence of deep 
tendon reflexes. As a result of CIP, ROM limitation, pain, 
incontinence, gait disturbance, loss of balance, and dyspha-
gia can be observed.45 There is no precise data on the preva-
lence of CIP after COVID-19.

Critical disease myopathy (CIM) is present in 48-96% 
of patients hospitalized in the ICU with a diagnosis of 
ARDS. Myopathy may be associated with corticoste-
roids, inflammation, and paralysis. Weakness, decreased 
endurance, decreased quality of life, and loss of function 
can be seen in patients with CIM.46 As with CIP, there 
is no scientific evidence yet for CIM prevalence among 
COVID-19 survivors.

It has been shown that 20% of COVID-19 patients have a 
cardiac injury. The incidence of mechanical ventilation need 
and death has been reported to be higher in patients with 
cardiac injury. It has also been stated that ARDS, acute kid-
ney damage, electrolyte disturbance, and coagulation dis-
orders were more common in patients with cardiac injury. 
Persistent tachycardia or new-onset or worsening hyper-
tension may occur in patients with cardiac damage after 
COVID-19. The mechanism of COVID-19 cardiac injury is 
unclear. According to the hypothesis, the high affinity of the 
spike protein of SARS-CoV-2 to the angiotensin-converting 
enzyme-2 receptor may be associated with cardiac injury. 
It has been reported that cardiac involvement of SARS-
CoV-2 may cause acute myocarditis, myocardial edema, and 
acute myocardial damage.47

Neurological involvement has also been reported in patients 
with COVID-19. Encephalitis, aortic ischemic stroke, cere-
bral edema, and headache are some of the neurological 
involvements. In addition, lymphocyte and monocyte infil-
tration in the vessel wall, ischemic changes of neurons, and 
demyelination of nerve fiber have also been reported. It has 
been stated that there may be an increased risk of stroke after 
infection as a result of hypoxia and vascular changes.48

Heterotopic ossification, adhesive capsulitis, decubitus ulcer, 
contracture, and osteoporosis can be seen as immobilization 

complications in COVID-19 patients requiring mechani-
cal ventilation. Brachial plexus injury and peripheral nerve 
entrapment may be observed due to positioning and muscle 
imbalance.49

In a study evaluating the impact of COVID-19 on cognitive 
functions, it was found that patients with severe respira-
tory symptoms and long-term hospital stay were negatively 
affected. Decrease in cognitive functions may have a nega-
tive effect on rehabilitation success.50

CONCLUSION

The COVID-19 pandemic continues to affect the whole 
world. With the increase in scientific data and a better 
understanding of the disease, post-COVID-19 rehabilitation 
practices have also gained importance. Further randomized 
controlled studies are needed to evaluate the effectiveness of 
post-COVID-19 rehabilitation programs. With telerehabilita-
tion applications, it is possible to reach a wide audience and 
make a great impact.

Physical medicine and rehabilitation physicians can play an 
important role in increasing patients’ functionality and reduc-
ing disability during the SARS-CoV-2 outbreak. Although 
scientific evidence is not sufficient for PR after COVID-19, 
recommendations can be made considering the effectiveness 
of PR programs in different lung diseases.

Proper patient selection and protection of healthcare profes-
sionals are priorities in a PR program. Physical medicine and 
rehabilitation doctors can provide guidance about nutrition, 
airway clearance techniques, posture, breathing exercises, 
stretching, strengthening, and physical activity for patients 
recovering from COVID-19.
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In this article, Early Career Task Force Group members of the Turkish Thoracic Society summarize the European Respiratory Society 
2020 virtual congress. Current developments in the field of respiratory diseases were compiled with the addition of sessions specific 
to coronavirus disease 2019 this year. Almost all of the congress sessions were examined, and the important and striking results of the 
congress were highlighted. Congress sessions were attended by expert researchers, and the prominent messages of each session were 
highlighted in short summaries. They were then grouped under relevant titles and ranked in order of meaning and relation. It was final-
ized by a team of researchers.
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INTRODUCTION

The European Respiratory Society (ERS) International Congress was held virtually in 2020 due to the coronavirus disease 
2019 (COVID-19) pandemic that seriously affected the world. The congress brought together respiratory researchers with 
exciting, leading, and current issues although it could not be held with individual participation. Current research and 
developments on respiratory system diseases and also special sessions for COVID-19 were conveyed in the congress.

Congress sessions were closely followed by the members of the Turkish Thoracic Society (TTS). Turkish Thoracic Society 
Early Career Members Task Force Group (TTS-ECMTG) members also attended most of the congress sessions while strug-
gling with the pandemic in their institutions. As a product, an electronic booklet containing ERS session summaries was 
published after the congress.1 In this way, researchers and physicians who could not attend the congress due to the pan-
demic were able to access up-to-date information more easily.

Highlights from ERS 2020 Virtual Congress
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A collective and systematic path was followed in the prepa-
ration of this article. Fifty-three sessions that stood out at the 
ERS 2020 congress were carefully selected. The sessions 
were apportioned and attended by the authors mentioned in 
the article, and highlights of each session were compiled. The 
notes of the sessions were combined under headings accord-
ing to the subjects and turned into an article.

There are the efforts and perspectives of the real heroes fight-
ing the pandemic in this article which compiles the current 
data provided by the ERS International Congress 2020 with 
the perspective of the TTS-ECMTG. This article is planned 
in order to present up-to-date data in aggregate, highlight 
important messages, and also to guide scientific meetings and 
research to be conducted in the upcoming years.

CORONAVIRUS DISEASE 2019

In the presentations about the recapitulation of COVID-19, 
it was pointed out that it is a pandemic with over 84 million 
cases worldwide, causing over 1 million deaths.2 Although 
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) was first seen in Wuhan, China's Hubei province in 
early December 2019, the disease is thought to have emerged 
around October 2019.3

Basic science point of view revealed that SARS-CoV-2 is one 
of the sub-types of viruses belonging to the β-coronavirus 
genus. Judging by the structure of the virus, it contains a single-
stranded RNA genome and is protected by the nucleocapsid 
protein. In addition to being surrounded by lipid membrane 
and envelope proteins, it contains spike proteins (formed in 
the S1 and S2 domains) on its surface. The virus binds to the 
angiotensin-converting enzyme 2 (ACE2) receptor of the host 
cell with the S1 domains located on the upper part of the 
spike proteins.4,5 It was also reported that peripheral blood 
mononuclear cell analysis is important for the characteris-
tic of the disease. As a result of the studies, it was reported 
that the neutrophil/T-cell ratio is a better predictor than the 
neutrophil/lymphocyte ratio. Spike protein can enter bron-
cho-epithelial cells without the ACE2 receptor. It is thought 
that this receptor may also be an integrin.6

According to World Health Organization (WHO), most 
of the cases are men. The common age group is between 
25 and 64 years, and most of the deaths occur between 
65 and 84 years. In the light of the International Severe 
Acute Respiratory and Emerging Infection Consortium, the 
female sex is protective, and old age, chronic heart/lung/kid-
ney disease, diabetes, obesity, chronic neurological disorder, 

malignancy, and moderate-severe liver disease are risk fac-
tors for mortality.7-10 Lymphopenia, leukopenia, and throm-
bocytopenia are associated with poor prognosis. Neutrophil/
lymphocyte and neutrophil/CD8+ T-cell ratio can be used in 
terms of the severity of the inflammatory response. The depth 
of lymphopenia correlates with the severity of the disease. 
Interleukin-6 (IL-6) and d-dimer are used together to predict 
hospitalization and out-of-hospital mortality (96.4%).11

It was shown that neutralizing antibodies against SARS-
CoV-2 began to form in the first week and plateaued in the 
second week in 175 patients with COVID-19 who recov-
ered.12 In another study, virus-specific immunoglobulin G was 
found to be low (P = .005) in the acute phase and decreased 
neutralizing antibody levels in 81.1% of asymptomatic cases 
compared to 62.2% of symptomatic cases during the recov-
ery phase.13 Natural infection initiates B- and T-cell immunity; 
however, the durability of immune protection is uncertain. 

In medical wards, patients with an oxygen saturation of equal 
or lower than 92% are suggested to initiate oxygen treat-
ment via face mask or low-dose oxygen treatment with up 
to 60% of FiO2 via venturi mask. Nasal cannula is not rec-
ommended. If oxygen saturation is equal or lower than 92% 
and/or dyspnea persists, intensive care unit (ICU) transfer is 
required. In a multi-center study from Italy, the results of non-
invasive ventilation (NIV) implementation in 679 patients 
with COVID-19 were presented. Intubation rates in high-flow 
nasal cannula, continuous positive airway pressure (CPAP), 
and NIV patients were 29%, 25%, and 28%, and mortal-
ity rates were 16%, 30%, and 30%, respectively.14 In ICU, 
prone position is suggested if PaO2/FiO2 ratio is lower than 
150 despite FiO2 higher than 60%.

Regarding the antiviral treatment, there is not enough evidence 
of remdesivir to decrease mortality.15,16 Hydroxychloroquine 
was shown to prolong hospital stay and to have no effect on 
28-day mortality. Moreover, higher invasive mechanic venti-
lation requirement and death rates were reported in patients 
treated with hydroxychloroquine.17 No prognostic advantage 
was shown with lopinavir–ritonavir treatment compared to 
standard treatment.18 The WHO recommended not to use 
hydroxychloroquine and lopinavir–ritonavir in light of these 
reports. When it comes to anti-inflammatory drugs, systemic 
corticosteroids are the only treatment options proven to 
decrease mortality.19 Convalescent plasma therapy may be rec-
ommended only in critical patients. Anticoagulants are recom-
mended at least in prophylactic dose in all hospitalized patients 
and in treatment dose in the ICU.20 There is no evidence of the 
efficacy of systemic antibiotics in patients with COVID-19.

The effects of COVID-19 on children and adults with chronic 
respiratory diseases were discussed in the “COVID-19 with 
Premorbid Respiratory Disease Session.” Around 5.5% of the 
children with cystic fibrosis (CF) required intensive care, and 
the mortality was 2.1%.21 Disease effects are similar in children 
with asthma and adults with asthma who do not require sys-
temic steroids compared to the healthy population of the same 
age. In chronic obstructive pulmonary disease (COPD) patients 
with COVID-19, the risk of septic shock, acute respiratory dis-
tress syndrome (ARDS), and bacterial co-infection is signifi-
cantly increased.22 Interstitial lung diseases (ILDs) increase the 
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risk due to lung damage, respiratory dysfunction, and immuno-
suppressive treatments. Coronavirus disease 2019 has a more 
severe course, especially in lung cancer patients and other 
cancers that have metastasized to the lung.23

The “Post-COVID Session” focused on follow-up and reha-
bilitation processes after hospitalization, palliative care, 
and long-term effects of COVID-19. Comorbidities are very 
common in people with severe COVID-19 infection. These 
patients should be evaluated for palliative care as long as 
their symptoms persist. Continuous oxygen therapy is rec-
ommended for patients whose oxygen saturation falls below 
90%. Opioid therapy is recommended for patients whose 
dyspnea does not regress despite optimal treatment.24 New 
lesions on lung imaging, diffusion disorder, and loss of total 
lung capacity may develop even 3-4 weeks after the treat-
ment.25 Hospitalized patients should be comprehensively 
evaluated after 6-8 weeks and personal pulmonary rehabili-
tation plans should be structured.26

In smokers compared to non-smokers, hospitalization, severe 
disease course, and mortality rates due to COVID-19 are 
higher.27 It is suggested that smoking can increase the cellular 
uptake mechanisms of SARS-CoV-2 through α7-nAChR sig-
naling. A possible α7-nAChR downstream mechanism could 
be the induction of phospho-Akt and phospho-p44/42 MAPK. 
Smoking can affect the pathophysiology and clinical outcome 
of COVID-19 in various organ systems, including the brain.28

PEDIATRIC RESPIRATORY DISEASES

Congenital thoracic malformations can occur by various 
mechanisms and can affect different tissues in the lung. 
Patients with congenital thoracic malformation should be 
followed up for infection, pulmonary hypertension, pul-
monary functions, and malignancy (especially congenital 
pulmonary airway malformation).29 The frequency of post-
infectious bronchiolitis obliterans (PIBO) is gradually increas-
ing. Especially, adenovirus infection and history of previous 
severe infection are important clues in diagnosis. Although 
there are different approaches in PIBO treatment, the exact 
and effective treatment is not known.30 Low respiratory func-
tions early in life pose a risk for respiratory problems through-
out life.31 Regular follow-up of children with positive airway 
pressure therapy and sleep-disordered breathing is important 
for increasing patient compliance, learning device features, 
and determining the process of leaving the device.32

There are different guidelines in asthma management in 
children. Although Global Initiative for Asthma (GINA) is 
the most renewed guideline, none of these guides offers the 
most appropriate approach. Treatment responses may also 
vary among asthma patients. It is recommended to exam-
ine and treat comorbid conditions such as obstructive sleep 
apnea, gastroesophageal reflux disease, and obesity that may 
accompany asthma.33 The primary goal of asthma treatment 
is to control asthma symptoms and prevent attacks.34

Updates on the management of lung infections, pancreatic and 
liver diseases, new treatments of CF and challenges in treat-
ment adherence, and social and emotional well-being of CF 
patients are discussed in the session of updates in CF. With 

current studies, there is a trend toward creating CF transmem-
brane conductance regulator (CFTR) modulator therapies, 
while reducing the effects of CFTR protein dysfunction is 
aimed in traditional treatment of CF. As a result of studies con-
ducted with the use of CFTR modulator, a decrease in hepato-
biliary complications, reductions in liver steatosis, decreases in 
the frequency and severity of acute pancreatitis, and increase 
in exocrine pancreatic functions is observed.35-38 Additionally, 
they have shown that it increases the levels of forced expiratory 
volume in 1 second (FEV1), decreases the number of attacks, 
and decreases sweat chlorine levels.39-43

RESPIRATORY INFECTIONS

Factors associated with antibiotic resistance and factors 
related to the use of innate immunity to increase antibiotic 
efficacy, ways to determine the optimal treatment dose to 
eliminate infections and prevent the development of antibi-
otic resistance, and treatment methods of the biofilms were 
discussed. The highlights are listed subsequently. Having 
C-reactive protein above 50 mg/dL is significant in decid-
ing to start the antibiotics. Azithromycin reduces the num-
ber of bacterial colonies (cfu/min) of infections caused by 
klebsiella and acinetobacter, which have multiple drug 
resistance. P2Y12 inhibitor ticagrelor is protective against 
Staphylococcus aureus bacteremia and decreases mortality 
rates. The use of oseltamivir in methicillin-resistant S. aureus 
bacteremia decreases the mortality. Hyperbaric oxygen ther-
apy allows bacterial proliferation which can increase the sen-
sitivity to the antibiotics.44-47 In patients with CF, inflammation 
develops early before infections. The early onset of mucoob-
structive inflammation in CF patients is closely related to lung 
injury.48 As the life span increases, the frequency of both the 
complications related to the disease and the complications 
expected with aging increases.49

The WHO’s emergencies on tuberculosis (TB) were also 
discussed. Considering cases with multi-drug-resistant TB 
in Europe and human immunodeficiency virus/antiretrovi-
ral treatments in sub-Saharan Africa, simplifying TB would 
be very risky. Today, COVID-19 is the most important health 
issue threatening the world; however, this pandemic is esti-
mated to make a 5-year regression in trials on TB.

Management, new guideline recommendations, and important 
developments of community-acquired pneumonia (CAP) were 
discussed in 1 session. The most important factor in the selec-
tion of antibiotics for CAP is local epidemiological data of 
microorganisms and their resistance profiles.50 It is necessary 
to consider the alternative diagnosis in unresolved CAP, and if 
necessary, bronchoscopy, bronchoalveolar lavage (BAL), and 
histopathological examinations can be applied. The faster 
detection of causative pathogens using molecular methods 
results in appropriate antibiotic selection.51 An immunosup-
pressive disease should be considered in patients with a history 
of hospitalization for CAP 2-3 times a year. Around 20-30% of 
immunosuppressive patients are hospitalized with the diagno-
sis of CAP, and most of these patients are followed up in ICUs.52

Thoracic Oncology
In the article titled “ESR/ERS Statement paper on lung cancer 
screening,” in which 26 authors from 15 European countries 
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evaluated the current approach and important points in lung 
cancer screening, the latest developments were summarized 
in line with the algorithms.53 Adequate diagnostic quality, 
volumetric evaluation of nodules, and computed tomogra-
phy (CT) protocols with as low radiation dose as possible are 
recommended.54 It is possible to evaluate nodules with as 
little radiation as possible by using Artificial Intelligence (AI) 
to detect nodules in computer-aided diagnostic evaluation 
and malignancy identification.55 While solid nodules can be 
evaluated well in ultra-low-dose CT imaging, nodules with 
ground-glass density may not be sufficiently differentiated.

Nodules detected by imaging do not show signs or symp-
toms; they are detected as solid nodules between 5 mm 
and 30 mm and 23-36%. Imaging-guided biopsy should 
be considered in solid nodules larger than 8 mm or semi-
solid nodules with a doubling time of less than 600 days 
and a malignancy risk above 10%.56 Transbronchial technol-
ogy has evolved from fluoroscopic bronchoscopy to radial 
Endobronchial ultrasound, electromagnetic navigation bron-
choscopy, three-dimensional (3D) imaging with cone-beam 
computed tomography, and robotic procedures. Biofluids-
based candidate biomarkers are circulating tumor cells, cir-
culating tumor DNA, cell-free DNA, messenger RNA, micro 
RNA, proteins/peptide fragments, metabolic products, volatile 
organic compounds. Tumor-educated platelets are one of the 
new biomarkers in liquid biopsies. Radiomics is a stepwise 
process depending on AI. They both are highly promising. 
Artificial intelligence-based applications make a difference in 
lung cancer screening. Key applications are computer-aided 
detection, radiomics, and radiogenomics.57 Computer-aided 
detection systems can detect lung cancer at an early stage but 
can be useful as a second reader.

The follow-up and treatment plan of ground-glass opaci-
ties that can be viewed as pure ground-glass and semi-solid 
ground-glass nodules should be made according to the mor-
phology of the nodule. A minimum of 5 years of follow-up 
should be done at intervals of 6-12 months for pure ground-
glass nodules and 3-6 months for semi-solid ground-glass 
opacities. Biopsy should be considered if there is an increase 
in size and/or density (solid component) of more than 2 mm. 

The relationship between the lung cancer microenviron-
ment and the lung microbiome, the role of immunotherapy 
in small cell lung cancer, and the management of dyspnea 
and pain in thoracic malignancies were discussed. The 
microbiota change (the presence of Ruminococcaceae- 
and Agathobacter-enriched flora) before and after immune 
checkpoint inhibitors in advanced stage Non-small cell lung 
cancer patients is associated with overall survival.58 It was 
mentioned that first-line durvalumab plus etoposide with 
either cisplatin or carboplatin (platinum-etoposide) showed a 
significant improvement in overall survival versus platinum-
etoposide alone in patients with extensive-stage small cell 
lung cancer (ES-SCLC) in the Durvalumab ± Tremelimumab 
in Combination With Platinum Based Chemotherapy in 
Untreated Extensive-Stage Small Cell Lung Cancer Trial 
study.59 Updated results of the same study support the use of 
durvalumab plus platinum-etoposide as a new standard of 
care for the first-line treatment of ES-SCLC.60,61

Screening lung cancer has been shown to reduce lung can-
cer-related deaths. However, it is necessary to plan capacity 
needs for the workforce, technological equipment, and facili-
ties.62 Surgical treatment is safe after neoadjuvant immuno-
therapy in oligometastatic non-small cell lung cancer in early 
or locally advanced stage, with promising results. Combined 
immuno-chemotherapy studies are ongoing.63,64 In patients 
with small cell lung cancer with good performance, an increase 
in survival has been shown with twice-daily radiotherapy, 
concurrent chemotherapy, and prophylactic cranial radio-
therapy.65 The successful results of integrating oncology and 
palliative care have been demonstrated. Not only improved 
quality of life but also longer survival and less aggressive end-
of-life care were seen.66 Thoracic malignancy patients with 
COVID-19 have higher mortality compared to the other popu-
lation. In the COVID-19 in patients with thoracic malignancies 
Trial study, better survival was demonstrated in patients who 
received steroids or anticoagulants before diagnosis.67

Interstitial Lung Diseases
Severe pulmonary sarcoidosis was discussed in a single 
session. Pulmonary fibrosis is the most powerful indicator 
of mortality on sarcoidosis. Pulmonary function tests (PFT) 
can show the effect of fibrosis by low pulmonary functions. 
On the other hand, fibrosis may appear instead of normal 
PFTs. Disease severity not only depends on staging but also 
involved organ numbers, especially cardiac involvement is 
important.57 Black race, Human leukocyte antigen-DR3 neg-
ativity, lupus pernio, chronic uveitis, age at onset >40 years, 
splenomegaly, cystic bone lesions, myocardial involvement, 
and central nervous system involvement are poor prognos-
tic markers. In a study, risk identification has been made by 
composite physiological index (CPI) which is a clinicoradio-
logical staging system predicting the strongest mortality. An 
optimal CPI threshold of 40 units was identified. The CPI40, 
main pulmonary artery diameter to ascending aorta diameter 
ratio (MPAD/AAD), and an extent of fibrosis threshold of 20% 
were combined to form a staging algorithm. If CPI >40 or 
CPI ≤40 with MPAD/AAD >1 or extent of fibrosis on High-
resolution computed tomography >20%, it means high risk 
or poor prognosis. If CPI ≤40, MPAD/AAD <1, and extent of 
fibrosis on High-resolution computed tomography <20%, it 
means low risk or good prognosis.68 Prognosis may be worse 
if the patient needs treatment at the time of the diagnosis. 
Preventing silence myocardial damage, treating myocardial 
inflammation, and sustaining long-term treatment effect 
should be targeted.69

The effects of genetic disposition, particle size, environmental 
factors in idiopathic pulmonary fibrosis (IPF) and microbiome 
effects on immunity were discussed in the “air pollution with 
ILD: a call to arms” session. Genetic predisposition and envi-
ronmental pollution increase the risk of developing pulmo-
nary fibrosis.70 Particles smaller than 2.5 microns in diameter 
reach the alveoli and cause ILDs. In IPF, alveolar epithelial 
cell damage, apoptosis, and epithelial–mesenchymal trans-
formation can occur.71 In IPF, air pollution is directly related 
to low Forced vital capacity, rapid decrease in Forced vital 
capacity values, and IPF acute attack.70 There are many fac-
tors such as “air pollution” that affect lung microbiome, and 
they cause acute and chronic diseases.72
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“Human ex vivo models of ILD” symposium was discussed 
to present models of early events of IPF ex vivo and the use 
of these models in evaluating pathogenesis. Human 3D ex 
vivo lung tissue cultures (generated from precision-cut lung 
slices) are exposed to a fibrotic cocktail of growth factors and 
cytokines to replicate IPF. The model represents a valuable 
tool to assess anti-fibrotic mechanisms of potential drugs 
for the treatment of IPF patients.73 Induced pluripotent stem 
cell models have heterogeneity. To counteract this, the group 
has used a computation-based approach to single-cell RNA 
sequencing and Wnt modulation. This emerging technology 
allows for indefinite expansion of induced type II alveolar 
epithelial cells (ATII) in culture and provides a guide for 
improving directed differentiation to ATII which can be used 
to model ILD and other lung diseases and screen for novel 
drug therapies.74 Immortal cell lines answer to generic bio-
logical questions such as how the expression of a mutant 
surfactant protein C results in mistrafficking and causes ATII 
dysfunction. Lung-on-chip models are a promising tool that 
may provide insights into new therapeutic targets and enable 
animal-free preclinical drug testing.75

There are some commonalities in the genetics of ILDs. 
Genetic mutations, telomere shortness, and surfactant pro-
tein mutations provide information in the investigation of 
lung transplantation and mortality.76,77 In terms of MUC5B, 
chronic hypersensitivity pneumonia profile is very similar 
to IPF. When the honeycomb appearance was examined, it 
was observed that hypersensitivity pneumonitis (HP) results 
had the same poor outcome as those of IPF patients.78 When 
integrative diagnosis of ILDs with clinical and radiological 
data is insufficient, lung biopsy methods remain an important 
diagnostic step.79,80

Pulmonary Vascular Diseases
Pulmonary hypertension in early life was discussed in 1 ses-
sion. Female sex is the strongest risk factor for pulmonary 
arterial hypertension (PAH).81,82 However, the prognosis in 
men is worse than in women.83,84 There are differences in 
gender-related response to PAH treatment.85 Loss of signaling 
in the BMP9/BMPR2/ALK1 pathway plays a central role in 
the pathobiology of PAH.86 Patients with idiopathic, sporadic, 
or hereditary PAH are likely to carry genetic mutations in 
BMPR (29%) and/or similar genes.87 The incidence of devel-
oping PAH in BMPR2 gene mutation carriers is 2.25% (3.4% 
in women and 1% in men).88 Bronchopulmonary dysplasia 
(BPD) is also a risk factor for PAH and infants with moderate-
severe BPD should be screened for PAH because of the unfa-
vorable effects on prognosis.89,90

Airway Diseases
There are many causes and diseases that cause or may 
be associated with chronic cough (CC). In the presence 
of unexplained or refractory CC, the diagnosis of “cough 
reflex hypersensitivity syndrome” should be kept in mind. 
Traditional treatments such as morphine, gabapentin, 
and pregabalin can be hardly tolerated due to their side 
effects. With gefapixant, a P2X3 blocker, positive results are 
obtained especially in the treatment of idiopathic CC. It has 
been shown to be effective in low doses, and its side effect 
of taste disturbance is more tolerable.91 Speech and language 

therapies are also beneficial in patients with speech impair-
ment due to cough.92

Mild and severe asthma treatment and neutrophilic asthma 
phenotype were discussed in a symposium. Short-acting 
beta-2 agonist (SABA) should not be given alone to asthmatic 
patients over the age of 12 years; inhaled corticosteroids 
(ICS) treatment should be given regularly or in the presence 
of symptoms.93 Severe asthma could be divided into 2 phe-
notypes as T-helper 2 (Th2) and non-Th2 asthma.94 Biological 
therapies primarily target Th2 asthma and are indicated in 
patients with exacerbations or regular Oral corticosteroids 
use. Today, anti-IgE (omalizumab), anti-IL-5 (mepolizumab, 
reslizumab), anti-IL5 R (benralizumab) Ant, and IL4/13 (dupi-
lumab) are used in the treatment of severe Th2 asthma. Their 
predictors have been defined and should be included in pre-
treatment evaluation.95

Use of low-dose ICS has been reported to reduce mortal-
ity in asthma.96 High short-actingSABA use is an impor-
tant risk factor in asthma exacerbation. In the study called 
An Overview of Short-Acting β2-Agonist Use in Asthma 
in European Countries, it has been shown that increased 
use of SABA is associated with death and exacerbations in 
asthma.97 Repeated oral corticosteroid use in uncontrolled 
severe asthma causes comorbidities such as obesity, diabe-
tes mellitus, obstructive sleep apnea syndrome (OSA), and 
hypertension. Instead of using chronic oral corticosteroids 
in patients with severe asthma, treatments such as mepo-
lizumab, benralizumab, and dupilumab should be kept in 
mind according to the phenotypic evaluation recommended 
in the last step in the GINA guideline.98 Long-term use of 
treatment options, including ICS, increases the risk of pneu-
monia. According to the Single Inhaler Triple Therapy vs 
dual therapies Trial study, a higher incidence of pneumo-
nia is seen in treatment groups containing ICS than in the 
long-acting muscarinic antagonist /long-acting beta-2 ago-
nist group.99 If the eosinophil count in the blood is >300 in 
patients with COPD, it is stated as a strong recommendation 
to continue using ICS. Conditional discontinuation of ICS is 
recommended in patients with eosinophil count <300 in the 
blood and less than 2 exacerbations per year. There was lim-
ited evidence if the patient had a blood eosinophil count of 
<300 and more than 2 episodes per year or had 1 hospital-
ization. In this case, the individual patient’s risks and benefits 
should be discussed and decided.100

The future of bronchiectasis management was discussed 
too. Considering new meta-analysis proving benefit in terms 
of exacerbation and time to first exacerbation, long-term 
macrolide antibiotics for the treatment of bronchiectasis in 
adults is recommended even in patients with colonization 
of Pseudomonas aeruginosa.101 Inhaled antibiotics are also 
recommended in adult brochiectasis patients in order to 
control frequency of exacerbations, especially with high bac-
terial load and frequent exacerbations.102 Mucus concentra-
tion is shown to be associated with bronchiectasis extend, 
bacterial load, and inflammation, while MUC5AC/MUC5B 
ratio is associated with disease severity in bronchiectasis 
patients.103 Classification of bronchiectasis patients according 
to endotype and inflammatory patterns are important due to 
different potential treatment modalities. Neutrophil elastase 
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airway test is a newly defined test to assess severity and exac-
erbation risk in bronchiectasis patients.104

Respiratory Critical Care
Diagnosis and treatment strategies and algorithms for ILD in 
the intensive care were discussed in the “ILD Patients in the 
ICU Session.” Extracorporeal membrane oxygenation is a 
life-saving option for patients with ILD and acute respiratory 
failure (ARF), provided they are candidates for lung transplan-
tation.105 Computed tomography signs of fibrosis predict poor 
survival in all patterns of ILD-ARF.106 Bronchoalveolar lavage 
in the clinical assessment of ARF-ILD is often performed with 
only a 13% yield.107 Open lung biopsy in ARDS provided a 
specific diagnosis in 84% of patients and altered manage-
ment in 73%.108 The evaluation of likely reversibility is the 
cornerstone in the management of ILD patients in ICU.

As the pandemic progressed, intensive care mortality rates 
have decreased and several risk factors for mortality were 
identified.109 Contrary to popular belief, non-invasive 
mechanical ventilation and high-flow nasal oxygen systems 
were shown to be safe in terms of viral transmission.14 In 
resource-limited settings, even basic supportive treatment 
options like oxygen therapy were problematic.110

Diagnostic strategies in the ICU were discussed in the 
“Respiratory Critical Care Session.’’ Currently, imaging meth-
ods, bronchoscopy, and microbiological culture are used for 
diagnostic purposes. New diagnostic tests that have been 
developed to be available in the near future are divided into 
2 methods, namely imaging methods and biological technol-
ogy. Imaging methods are quantitative/dynamic ultrasound 
and confocal lung endoscopy. Biological methods are breath 
analysis and omic technology in BAL. Confocal lung endos-
copy provides information about in vivo pathology. Breath 
air analysis is quick and reproducible. It has been shown that 
metabolites in exhaled air can be used in the diagnosis of 
ARDS.111 Comprehensive omic analysis is more diagnostic, 
providing insight into the snapshot of the disease.112 Although 
it is not known whether the lung microbiome is a new thera-
peutic target for the prevention and treatment of ARF, it is one 
of the important topics that need to be investigated.

Sleep and Breathing Disorders
Obstructive sleep apnea syndrome is a common, multifac-
torial disease with significant mortality and morbidity but 
is still underdiagnosed and under-treated. With personal-
ized treatment in OSA, causal treatments for pathophysiol-
ogy, symptomatic treatment for symptoms such as excessive 
daytime sleepiness, insomnia, and result-oriented treatments 
for comorbidities can be planned. In personalized treatment, 
the patient’s upper airway morphology, arousal threshold, 
loop gain, and muscle response are important.113 Intermittent 
hypoxia triggers hypertension, inflammation, endothelial 
dysfunction, hyper-coagulation, and atherosclerosis.114 It has 
been reported that CPAP therapy can significantly reduce 
the risk of adverse cardiovascular events and stroke among 
patients using CPAP for more than 4 h/night.115 If drivers with 
a diagnosis of OSA have regular use of CPAP for ≥4 h/night 
and 70% of all nights and there is no excessive sleepiness 
during the day, it is appropriate to issue or renew their driving 
license.116,117

Sleep and exercise have a bidirectional interaction with 
each other with a variety of consequences through com-
plicated inflammatory, endocrinological, and neurological 
mechanisms in acute and chronic stages. Sleep loss results in 
decrease in physical performance and recovery and increase 
in exercise-induced diseases. Meanwhile, moderate-intensity 
aerobic physical activity increases sleep time and slow-wave 
sleep.118 The decreased VO2 max and the impaired heart rate 
response point an impairment in cardiopulmonary exercise 
test capacity, which is an important indicator of cardiopul-
monary functional capacity and mortality.119 Comorbid fac-
tors such as obesity and cardiac diseases also have potential 
influences on these associations.120 In patients with OSA, 
abnormal blood pressure response is reported and is influ-
enced by obesity.121 Physical activity has an important role in 
preventing both OSA and hypertension but requires objective 
measurement. Aerobic exercise combined with non-invasive 
mechanical ventilation treatment in OSA patients improves 
daytime blood pressure.122 Since physical activity prevents 
cardiovascular and metabolic diseases in OSA patients, it 
should be regarded as a part of multicomponent individual-
ized treatment in patients with sleep disorders.123

Lung Health
As people age, a decrease in lung capacity, antioxidant activ-
ity, anti-aging molecules, and the innate immune system is 
observed. On the other hand, an increase in autoantibod-
ies, neutrophil and macrophage activities, and inflamma-
tory mediators are observed. Lung capacity increases every 
year until the age of 25 and reaches maximum capacity at 
the age of 25, and after that, lung capacity is lost every year. 
Oxidative stress and smoking increase the rate of lung capac-
ity loss.124 Lung diseases arise as a result of genome instability, 
cellular aging, and mitochondrial dysfunction due to telo-
mere wear.125 Cellular aging contributes to the deterioration 
of progenitor cell function. Fibrotic mediators affect cellular 
aging. It is necessary to define specific senotherapeutics and 
aging biomarkers for chronic lung diseases.

Occupational burden of nonmalignant respiratory diseases 
was discussed in light of the recent American Thoracic 
Society/ERS statement.126 Respiratory conditions of concern 
were COPD, chronic bronchitis, asthma, IPF, pulmonary 
alveolar proteinosis, TB, CAP, and granulomatous lung dis-
eases, including sarcoidosis and HP. Weighted summary esti-
mates were calculated from population attributable fraction 
(PAF) and occupationally attributable burden values and were 
presented with their 95% CI. The results demonstrated the 
substantial role of workplace environment in the burden of 
several lung diseases and were as follows: asthma (PAF, 16%); 
COPD (PAF, 14%); chronic bronchitis (PAF, 13%); IPF (PAF, 
26%); HP (occupational burden, 19%); other granulomatous 
diseases, including sarcoidosis (occupational burden, 30%); 
pulmonary alveolar proteinosis (occupational burden, 29%); 
TB (occupational burden, 2.3% in silica-exposed workers 
and 1% in healthcare workers); and CAP in working-age 
adults (PAF, 10%). Among occupational exposures organic 
(i.e., cotton, grain) and inorganic dust (i.e., coal, silica), cad-
mium and ambient air pollutants (i.e., Vapors, Gases, Dusts, 
or Fumes [VGDF]) were the most established causes of COPD. 
Avoidance from exposure is essential in the management of 
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patients with work-related conditions. The physician should 
also consider the socioeconomic aspects.

Normal lung development is necessary to achieve maxi-
mum lung health in adulthood.127 Prenatal factors, genetic 
factors, and factors in early childhood affect lung develop-
ment.128 Maternal asthma, paternal asthma, childhood asthma, 
maternal smoking, and childhood respiratory infections were 
significantly associated with lower FEV1 and defined as “child-
hood disadvantage factors.”129 People who are disadvantaged 
at an early age have permanently lower lung function. The 
impact of childhood disadvantage is as great as the impact of 
heavy smoking.129 Decreased respiratory function expiratory 
flow is expected when parents smoke in infancy.130,131 Like any 
other organ, the lungs also age.132 Physiological lung aging is 
associated with anatomic and functional changes that result 
in a progressive decrease in expiratory flow rates with age 
in otherwise healthy people.132 The incidence of COPD and 
IPF (2 common chronic respiratory diseases) increases with 
advanced age. It is plausible, therefore, that abnormal regula-
tion of the mechanisms of normal aging may contribute to the 
pathobiology of both COPD and IPF.132

Managing frailty in patients with acute or chronic lung disor-
ders is mentioned. Frailty can be defined as a highly hetero-
geneous medical syndrome that defines a state of reduced 
endurance characterized by decreased physiological func-
tions, which increases the risk of physical dependence and/or 
death of an individual for various reasons.133 Components of 
frailty defined by Fried et al134 include unintentional weight 
loss, self-reported exhaustion, weakness, slow walking speed, 
and low physical activity. Frailty is common in patients with 
COPD (10.2 %).135 Muscle satellite cell function is lower in 
COPD patients compared with age-matched controls, type 
1 and type 2 muscle fiber capillarization is decreased, and 
the distance between the muscle satellite cell and the clos-
est capillaries is increased.136,137 Frailty can be prevented or 
reversed through rehabilitation.138

The symposium titled “successful stories on improving the 
delivery of tobacco-use treatment” was chaired by Jorden 
Vestbo and Sofia Bela Ravara. One of the highlights of the 
session was Ottawa Model for Smoking Cessation (OMSC) in 
primary setting.139 The model aims to give smoking cessation 
interventions to hospitalized patients in primary settings. The 
followed methods of the project includes: (1) identification of 
all smoker patients at hospitalization, (2) documentation of 
their smoking status, (3) initiation of smoking cessation phar-
macotherapy for bedside within hours of application, and the 
ideal was stated to be starting immediately, and (4) performing 
face-to-face follow-ups during hospitalization and after dis-
charge by phone for 2-6 months. The studies have shown the 
effectiveness of the model and that the model is currently being 
followed by most of the hospitals in Canada.140 In conclusion, 
considering the disrupted smoking cessation delivery to outpa-
tient clinics in our country due to the pandemic, the successful 
example of OMSC looks clinically relevant and applicable.

CONCLUSIONS

This article was created by the detailed analysis of the ERS 
International Congress sessions and the compilation of their 

key points. Scientific meetings for 2020 were disrupted due 
to the pandemic. It was important that pioneering congresses 
were held virtually. Therefore, updated information on respi-
ratory developments as well as on COVID-19 has been col-
lectively presented in this study. It is important to provide 
up-to-date information collectively in today’s world of rapid 
scientific developments. The studies in this direction will 
increase even more in the future.
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This review aimed to highlight some important points derived from the presentations of the European Respiratory Society 2021 Virtual 
International Congress by a committee formed by the Early Career Task Group of the Turkish Thoracic Society. We summarized a wide 
range of topics including current developments of respiratory diseases and provided an overview of important and striking topics of the 
congress. Our primary motivation was to give some up-to-date information and new developments discussed during congress especially 
for the pulmonologists who did not have a chance to follow the congress. This review also committed an opportunity to get an overview 
of the newest data in the diverse fields of respiratory medicine such as post-coronavirus disease 2019, some new interventional and 
technologic developments related to respiratory health, and new treatment strategies.
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INTRODUCTION

The committee formed by the Early Career Task Group of the Turkish Thoracic Society closely followed the European 
Respiratory Society (ERS) congresses and summarized the prominent issues from the perspective of young academics 
since 2020. European Respiratory Society Congress 2021 was held virtually because of the coronavirus disease 2019 
(COVID-19) pandemic. The ERS congresses have always been a good opportunity to follow advances and new research 
areas in the pulmonology area. Virtual congresses have some advantages such as easier participation, higher number of 
physicians capable of following the sessions even after live sessions with recordings. But also, face-to-face interactions are 
always our first choice. Especially, young pulmonologists at the beginning of their careers may have a chance to meet the 
leading names, network with peers, as well as participate in their sessions through the congress. 

This article reviewed carefully selected sessions to touch main topics including respiratory critical care, airway diseases, 
post-COVID lung diseases, pulmonary rehabilitation, interventional pulmonology, thoracic oncology, pulmonary vascular 
diseases, sleep disorders, interstitial lung diseases (ILDs), infectious diseases of the lung, and pediatric respiratory diseases 
at the ERS Congress 2021. The Early Career Task Group Members of the Turkish Thoracic Society (ECM-Early Career 
Members) closely followed the congress and summarized the selected sessions. We aimed to identify key points of the 
congress from the eyes of early career members. So, we thought that some pulmonologists who had no chance to partici-
pate in the congress could reach the highlights and updates altogether. 
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Yumrukuz Şenel et al.

Abstract

Review

ERS International Virtual Congress 2021: Highlights from the 
Turkish Thoracic Society Early Career Members
Merve Yumrukuz Şenel 1, Dilek Karadoğan 2, Ilgım Vardaloğlu 3, Elif Develi 4, Selma Çelik 5, 
Mina Hızal 6, Beste Özsezen 7, Aslı Öncel 8, İlknur Can 9, Nur Hürsoy 10, Kübra Uyar 2, 
Fatma Gülsüm Karakaş 3, Berrin Er 11, Pelin Asfuroğlu 12, Tuğba Ramaslı Gürsoy 12, Tuğba Şişmanlar 
Eyüboğlu 12, Eylül Pınar Çakır 12, Dilber Ademhan 7, Selen Karaoğlanoğlu 13, Nagehan Emiralioğlu 7, 
Nilufer Aylin Acet Öztürk 14, Feride Marim 9, Özge Aydın Güçlü 14, Nazli Çetin 15, 
Dilara Ömer Topçu 14, Pınar Çelik 16, Metin Akgün 17

1Department of Chest Diseases, Balıkesir State Hospital, Balıkesir, Turkey
2Department of Chest Diseases, Recep Tayyip Erdoğan University School of Medicine, Rize, Turkey
3Department of Chest Diseases, İstanbul University, Cerrahpaşa School of Medicine, İstanbul, Turkey
4Department of Physiotherapy and Rehabilitation, Yeditepe University, Faculty of Health Sciences, İstanbul, Turkey
5Department of Nursery, Yeditepe University, Faculty of Health Science, İstanbul, Turkey
6Department of Pediatric Pulmonology, Ankara Training and Research Hospital, University of Health Science, Ankara, Turkey
7Department of Pediatric Pulmonology, Hacettepe University, Faculty of Medicine, Ankara, Turkey
8Department of Chest Diseases, Yıldırım Beyazıt University, Yenimahalle Research and Training Hospital, Ankara, Turkey
9Department of Chest Diseases, Kütahya University of Health Sciences, School of Medicine, Kütahya, Turkey
10Department of Radiology, Recep Tayyip Erdoğan University School of Medicine, Rize, Turkey
11Intensive Care Unit, Ankara City Hospital, Ankara, Turkey
12Department of Pediatric Pulmonology, Gazi University Faculty of Medicine, Ankara, Turkey
13Department of Chest Diseases, Ordu University, School of Medicine, Ordu, Turkey
14Department of Chest Diseases, Bursa Uludağ University, School of Medicine, Bursa, Turkey
15Department of Chest Diseases, Pamukkale University, School of Medicine, Denizli, Turkey
16Department of Chest Diseases, Manisa Celal Bayar University, School of Medicine, Manisa, Turkey
17Department of Chest Diseases, Atatürk University, School of Medicine, Erzurum, Turkey

Cite this article as: Yumrukuz Şenel M, Karadoğan D, Vardaloğlu I, et al. ERS International Virtual Congress 2021: Highlights from 
the Turkish Thoracic Society Early Career Members. Turk Thorac J. 2022;23(2):173-184.

2

23

Corresponding author: Dilek Karadoğan, e-mail: cakmakcidilek@yahoo.com

DOI: 10.5152/TurkThoracJ.2022.21289

http://orcid.org/0000-0003-0205-5075
http://orcid.org/0000-0001-5321-3964
http://orcid.org/0000-0003-1839-0951
http://orcid.org/0000-0002-6140-3319
http://orcid.org/0000-0001-9132-2651
http://orcid.org/0000-0002-6922-4948
http://orcid.org/0000-0002-0052-8361
http://orcid.org/0000-0001-7708-1732
http://orcid.org/0000-0002-0227-9215
http://orcid.org/0000-0001-5059-2268
http://orcid.org/0000-0001-9730-3419
http://orcid.org/0000-0003-1887-7989
http://orcid.org/0000-0002-2256-3619
http://orcid.org/0000-0002-9575-3982
http://orcid.org/0000-0002-7064-7585
http://orcid.org/0000-0001-7284-4999
http://orcid.org/0000-0003-2067-3256
http://orcid.org/0000-0002-0334-6336
http://orcid.org/0000-0001-9274-6237
http://orcid.org/0000-0002-1405-8401
http://orcid.org/0000-0002-6375-1472
http://orcid.org/0000-0002-5677-7842
http://orcid.org/0000-0003-1005-3205
http://orcid.org/0000-0002-9077-0580
http://orcid.org/0000-0003-3416-3935
http://orcid.org/0000-0003-1015-8189
http://orcid.org/0000-0003-3404-4274
mailto:cakmakcidilek@yahoo.com


Turk Thorac J 2022; 23(2): 173-184

174

Respiratory Critical Care
A wide variety of sessions about respiratory critical care were 
presented at the ERS Congress 2021. The first session was a 
guideline session that started with the presentation about the 
physiologic rationale for the use of a high-flow nasal can-
nula (HFNC) in acute respiratory failure and clinical pitfalls. 
High-flow nasal cannula is a ventilatory support device that 
consists of a flow meter giving current up to 60 L/min, an 
air-oxygen mixer, and an active humidifier. It improves gas 
exchange, decreases work of breathing and respiratory effort, 
and provides comfort with a nasal interface. It improves oxy-
genation and ventilation through 3 important mechanisms:1-3 
(1) by reducing respiratory effort with the flow, (2) by facili-
tating recruitment with the positive end-expiratory pressure 
effect provided by the high flow and improve oxygenation, 
and (3) by reducing the dead space by providing effective 
clearance of the tracer gas in the upper airways. Although 
the improvement of oxygenation, reduction of respiratory 
rate, and respiratory effort with helmet-noninvasive ventila-
tion (NIV) in hypoxemic patients are better, delirium, accu-
mulation of secretion, patient–ventilator asynchrony, patient 
self-inflicted lung injury (P-SILI) are some problems that arise 
due to the use of NIV.4,5 The risk of P-SILI seems to be lower 
with HFNC.4 During the pandemic, HFNC has been widely 
used to prevent pressure-related complications such as pneu-
mothorax and pneumomediastinum in progressive disease in 
patients. Besides these positive effects, failure of HFNC might 
cause delayed intubation and worse clinical outcomes.6

The second session was a symposium about acute respira-
tory distress syndrome (ARDS). Acute respiratory distress 
syndrome is a very heterogeneous picture that develops due 
to many reasons. It is stated that categorization of the dis-
ease into subtypes may be useful in a systemic way. They 
determined 3 groups according to cytokine clusters, SOFA 
(Sequential Organ Failure Assessment) score, and gene 
expressions: (1) adaptive type is due to lymphocyte activa-
tion, (2) endothelial leak type is due to isolated respiratory 
deterioration and related with low serum albumin level, and 
(3) neutrophil-induced type is leading to multi-organ failure. 
Mechanically, there are different types of ARDS, their clini-
cal course is different, and treatment must be individualized. 

A high PaO2/FiO2 ratio indicates an improvement in ARDS 
prognosis. Factors that increase mortality in ARDS and 
COVID-19 are low PaO2/FiO2, high peak pressure, low pH, 
low platelet count, low bicarbonate, and high ventilation 
rate.7 Different treatment modalities are being developed for 
different patients with multimodal phenotypes. 

The third session was a skills lab session about continuous 
positive airway pressure (CPAP), non-invasive ventilation, 
and mechanical ventilation. In the evaluation of a confirmed 
COVID-19 pneumonia patient, due to the poor prognosis 
in the clinical course, first CPAP with a helmet mask, then 
invasive mechanical ventilation, extracorporeal membrane 
oxygenation, and tracheostomy were performed to follow-
up patient. With the prone position application, ventilation/
perfusion compliance, reduction of transpulmonary pres-
sure, improvement of right ventricular function, and removal 
of weight pressure from the lung are provided.8 It is rec-
ommended to avoid Non-invasive mechanical ventilation 
(NIMV) in de novo respiratory failure and viral conditions. 
In addition, correct positioning of tracheostomy ensures less 
granulation tissue. Before the tracheostomy is opened, it 
should be checked that there is no obstruction in the upper 
airways by imaging. Tracheostomy should be performed after 
good ventilation settings and effective tracheal suction. In 
the next process, the time without mask should be increased 
gradually. Cough should be increased with high-frequency 
chest wall oscillation and intrapulmonary percussive ventila-
tion. In the rehabilitation and physiotherapy approach after 
acute respiratory failure, there is an algorithm in which all 
patients are mobilized.9 It is aimed to perform physiotherapy 
in order to ensure that patients wean from ventilation, with at 
least 50% maximal inspiratory pressure of respiratory muscle 
strength. 

Airway Diseases
Recent clinical advances in airway diseases were also pre-
sented, and new treatment strategies were discussed during 
the congress. For the patients with asthma who are not con-
trolled by high-dose inhaled corticosteroids (ICS), adding 
tiotropium reduces exacerbations and improves lung func-
tion.12 Airflow obstruction was significantly reduced with 
the addition of tiotropium, as compared with the addition of 
placebo as a result of the study. At 24 weeks, the mean dif-
ference between the tiotropium group and the placebo group 
in the change in the adjusted peak forced expiratory volume 
in 1 second (FEV1) from baseline in the first 3 hours after the 
administration of tiotropium was 86-154 mL higher signifi-
cantly. As per Global Initiative for Asthma (GINA), in track 1 
in step 4 high-dose ICS is not recommended. Adding long-
acting muscarinic antagonists (LAMA) is recommended for 
this group. In track 2, there is an option for step 4, which is 
high-dose ICS. For step 5, add-on LAMA is recommended to 
medium or high-dose ICS-LABA. There is a question about the 
efficacy of triple therapy in one single inhaler. New GINA, in 
track 1, offers low-dose ICS-formoterol at every step as-needed 
reliever therapy. Also in track 2, step 1 recommends ICS when-
ever short-acting beta-agonists (SABA) are taken. Budesonide-
formoterol is more effective than salbutamol both in terms of 
exacerbation preventation and asthma control even in mild 
intermittent asthma.13

MAIN POINTS

•	 This study gives an overview of the newest data in the 
diverse fields of respiratory medicine.

•	 Post-coronavirus disease 2019 was attractive, and the 
management was discussed extensively.

•	 New technologies including algorithmic decision sys-
tems-based managements, electronic monitoring devices, 
health applications, machine learning algorithms, and 
artificial intelligence algorithms ultimately targeting the 
benefit of the patient were discussed accordingly in the 
new era.

•	 Personalized medicine and management of the diseases 
were offered.

•	 Respiratory medicine is one of the most related fields 
with environmental changes that were pointed out dur-
ing congress.
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Over the last 60 years, the inhaler technique of patients has 
not improved.14 Suboptimal use of inhalers affects clinical 
efficacy. True inhalation technique increases lung deposition. 
ACT on Inhalers (Access, Choose, and Train) is an algorithm 
for tailoring the right inhalation device. It is based on asking 
the patient if he/she takes a slow and steady breath or a quick 
and deep breath. If the patient can perform slow and steady, 
we should consider a metered-dose inhaler, soft mist inhaler, 
or breath-actuated inhaler; if the patient can perform quick 
and deep breath, we should consider a dry powder inhaler. 
After choosing the device, we should teach the inhaler tech-
nique to the patients.15

Some updates about inhalers in the COVID-19 pandemic 
were also presented. Cleaning the inhaler mouthpiece, spac-
ers, or peak flow and not sharing the inhalers with anyone 
has been suggested. We should prefer pMDI + spacers for 
SABA instead of aerosol-generating procedures like nebuliz-
ers.16 There are smart inhalers, also referred to as e-inhalers, 
which have sensors, Bluetooth connection linked to an app. 
They may be the way forward. Most e-inhalers monitor 
dose usage and inhalation profile hence providing real-life 
feedback on inhalation technique.17 These connected inhal-
ers may help to solve inhaler technique problems, improve 
adherence, and provide early detection of exacerbations by 
monitoring inhalation volumes.

New treatments for chronic cough were also discussed. 
After excluding and treating obvious causes, refractory unex-
plained idiopathic chronic cough existed. There are studies 
about standard care for refractory chronic cough with low-
dose morphine and gabapentin with substantial side effects 
and risk of abuse and addiction. New therapies are focusing 
on P2X3 receptors and pathways and block these receptors 
at the larynx and airways. P2X3 antagonism with Gefapixant 
provides a 75% reduction in cough; however, all the patients 
complained of taste disturbance.18 Second-generation P2X3  
pathway antagonists including sivopixant and eliapixant are 
more effective in trying to avoid taste adverse effects. Other 
mechanisms that may be effective in chronic cough are volt-
age-gated sodium (Na V) channel blockers and airway sen-
sory nerve blockers. Nebulised lidocaine that blocks Na V 
channels is also effective.

Lung Health
Environmental changes have some causal relationships 
between adverse environmental exposures and respiratory 
outcomes. Strategies to decrease the burden of resulting 
respiratory diseases have been discussed during the congress. 
The interactions of poverty and environmental exposures as 
an additional “new” risk for respiratory health, new World 
Health Organization (WHO) Air Quality Guidelines (AQG), 
which are based on the expert evaluation of the latest sci-
entific evidence on the health effects of air pollution, what 
potential implications the new WHO AQG will have on the 
air quality legislation in European Union, which is in the 
heart of European Green Deal, and how respiratory clinicians 
can use the new guideline in their clinical work were some 
important points of the presentation.

Sex and hormonal influence on respiratory diseases and if 
we need a gender-specific approach for health interventions 

were other questions discussed during the congress. Some hot 
points are as follows: females have smaller lungs and airways 
compared to males of the same height in adulthood, stronger 
immune response, and a higher incidence of autoimmune 
diseases.19 Asthma is more prevalent in young boys, but after 
puberty, more severe and prevalent in women.20 Estrogen 
seems to induce airway inflammation while androgens may 
reduce. Women have a greater susceptibility to chronic 
obstructive pulmonary diseases, more severe disease with 
earlier onset, a higher risk of hospitalization and death from 
respiratory failure and comorbidities, and a faster annual 
decline in FEV1 even when they smoke fewer cigarettes.21

Societies identify certain roles, behaviors, activities, attri-
butes, and opportunities for women, men, boys, girls, and 
people with non-binary identities.22 Gender is a social deter-
minant of inequality as well as being effective on its own. 
Gender norms and expectations influence exposure to 
unhealthy products, care-seeking, health protection patterns, 
and whether people smoke. Gender inequalities worsened 
during the COVID-19 pandemic. Globally, tobacco use is 
associated with gender, and exposure to passive smoking is 
more pronounced in females.23 

Adolescents are experimenting with various types of nico-
tine-containing products. In the United States, 35% of high 
school students use ≥2 nicotine products at the same time. 
The most frequent ones are electronic cigarettes (EC) and 
small cigars.24 Among 14-17 years olds, EC use ranges 
between 5% and 39%.25 Nicotine and cannabis use can 
induce significant long-term deficits in the developing 
brain by interfering with the cholinergic regulatory pro-
cesses.26 Cannabis is a risk factor for bronchial asthma or 
the use of asthma medication even when known risk factors 
are taken into consideration.27 It can also cause serious lung 
diseases with increasing years of use. There are behavioral 
interventions for smoking cessation in young people. Studies 
applying a single intervention can be grouped by theoreti-
cal basis: stage of change models, motivational interviewing, 
and social cognitive theory.28 The most important strategy for 
countries is to protect children from starting smoking and/
or vaping. Pricing and smoke-free policies combined with 
regulations that restrict youth access to nicotine products are 
the major strategies proven to prevent and reduce tobacco 
use for young people.29-31

New technologies in respiratory health are in the upcom-
ing rising situation that is pointed out during the congress, 
and ethics, risks, and patients’ perspectives were discussed. 
Algorithmic decision systems-based management has some 
risks such as digital divide differences, sample bias, systemic 
bias, automation bias (from the doctor), decrease in trust, 
pressure to meet objectives, continuous competition with oth-
ers, threat to internal motivation, threat to autonomy, loss of 
accuracy over time, and threat to the environment. Electronic 
monitoring devices are considered the current gold standard, 
facilitate patient self-management, and provide intervention 
for compliance. The COVID-19 pandemic has led to a rapid 
increase in the use of home monitoring in patients with a 
variety of chronic respiratory conditions.32 Real-time moni-
toring of heart rate, oxygen saturation, and respiratory rate 
is possible with wearable technologies. Sensors can detect 
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cough and other respiratory sounds.33 Health applications 
can be used interactively for monitoring treatment use, symp-
tom tracking, providing environmental data to help pre-
vent triggers, and asthma education.34 Recent technological 
advances offer an opportunity to improve the care of children 
with respiratory diseases.

Machine learning algorithms can process and assimilate 
data from large numbers of patients, far greater than the 
ones a single physician can manage and comprehend in 
an entire career.35 Machine learning approaches are used 
for predicting asthma and chronic obstructive pulmonary 
disease (COPD) exacerbations.36 The COVID-19 pandemic 
has brought about the widespread use of digital tools in all 
aspects of our lives. It should be strongly highlighted that the 
final decision and responsibility for all medical decisions 
remain in the hands of the treating physicians, supported by 
the computing power of the artificial intelligence algorithm, 
ultimately targeting the benefit of the patient.

Pulmonary Vascular Diseases
Optimal outpatient in acute pulmonary embolism (PE), treat-
ment and prophylaxis applications in cancer-related venous 
thromboembolism (VTE), comparison between interventional 
treatments in PE and systemic treatments, imaging methods in 
pulmonary arterial hypertension risk classification, and some 
special situations were discussed during the congress. Cancer 
is a risk factor for VTE, but cancer screening is not routinely 
recommended after acute PE; screening is recommended in 
patients who cannot find a provoking cause for PE.37 It has 
been shown that there can be an increased risk of VTE in 
patients who has anaplastic lymphoma kinase mutations in 
lung cancer (LC). It may be important for personalized risk 
assessment.38 Real-life studies suggest that individualized 
therapy may have potential advantages.

The risk of recurrent embolism and bleeding in cancer-asso-
ciated thrombosis (CAT) is higher than in non-cancer-related 
VTE.39 Low-molecular-weight heparin comes to the fore in 
CAT treatment and prophylaxis, as it has a lower risk of a 
recurrent embolism when compared to vitamin K antagonist 
and the risk of bleeding may be higher with direct oral antico-
agulants.40 Thrombolysis increases the risk of major bleeding 
and stroke although it may prevent hemodynamic decompen-
sation and reduce mortality in patients with medium-high risk 
PE.41,42 Although half-dose thrombolytic treatment is effective 
and causes less bleeding complications, additional treat-
ment and higher costs can be required.43 Ultrasound-assisted 
thrombolysis (USAT) and ultrasound at the catheter tip can 
separate fibrin threads and allow better penetration of tissue 
plasminogen activator. But there was no difference in terms of 
results while comparing between USAT and catheter-directed 
thrombolysis, and USAT was more costly.44 Catheter-directed 
thrombolysis can provide effective treatment with less bleed-
ing risk in medium-high risk PE, and the superiority of USAT 
is still controversial. 

There are 3 steps in the treatment of recurrent VTE: to confirm 
the diagnosis of recurrent VTE, to determine the cause, and to 
change/escalate therapy. The residual disease is frequent. Over 
50% of patients have residual deep vein thrombosis (DVT) or 
PE imaging abnormalities >6 months after treatment.45-47 This 

leads to many false-positive results. We must compare cur-
rent imaging to past imaging if we suspected acute recurrent 
VTE. Risk assessment for pulmonary arterial hypertension is 
also important in the follow-up of PE. Risk assessment can be 
performed without invasive methods and may facilitate rou-
tine follow-up.48 Risk assessment based on cardiac magnetic 
resonance imaging was found to be equivalent to right heart 
catheterization in the 1-year follow-up.49

Pediatric Respiratory Diseases
Bronchiectasis, a chronic lung disorder, is an umbrella term 
used for a clinical syndrome of recurrent or persistent wet 
cough, airway infection/inflammation, and abnormal bron-
chial dilatation on chest computed tomography (CT) scan. 
Bronchiectasis may be reversible over time with effec-
tive treatment, therefore, early recognition is important.50,51 
Bronchiectasis is not considered rare but is an overlooked 
lung pathology with high economic cost and poor quality-
of-life (QoL) in children/adolescents and their parents.52 
However, all likely etiologies involve airway infection causing 
inflammation, impaired mucociliary clearance, and airway 
destruction.53 High-resolution multidetector chest CT with 
high-resolution CT (HRCT) is used instead of conventional 
HRCT to diagnose bronchiectasis in children/adolescents.54 
Respiratory exacerbation is defined when a child/adoles-
cent has increased respiratory symptoms (predominantly 
increased cough ± increased sputum quantity and/or puru-
lence) for longer than 3 days. When dyspnea and/or hypoxia 
is accompanied, it should be considered a severe exacerba-
tion. Regular airway clearance techniques are recommended; 
however, recombinant-human DNAse, bromhexine, inhaled 
mannitol, and hypertonic saline are not recommended for 
routine usage.50,55 Anti-asthma agents should not be used rou-
tinely. During an acute respiratory exacerbation, a systemic 
course of an appropriate antibiotic is used for 14 days. For 
patients who have recurrent exacerbations, treatment with 
long-term macrolide antibiotics has been shown to reduce 
exacerbations.56,57 Surgery should be performed rarely and 
only in the specialized center in patients with no recurrent 
localized disease.58 Parents of children/adolescents with 
bronchiectasis must be informed about the disorder and get 
an active role in the disease management. 

Asthma is the most common chronic respiratory disorder 
that affects approximately 9.4% of children in the European 
Union.59 International asthma guidelines and individual coun-
try guidelines are inconsistent, which results in confusion in 
the diagnosis of asthma. There is no single gold standard test 
to confirm the diagnosis. The Task Force (TF) of the ERS guide-
lines for diagnosing asthma in children aged 5-16 years is not 
recommended as it is diagnosing asthma based on symptoms 
alone. The TF recommended measuring fractional exhaled 
nitric oxide (FeNO), performing spirometry, using bronchodila-
tor reversibility test in children with abnormal spirometry, and 
doing a direct bronchial challenge test as a part of the diag-
nostic work-up of children aged 5-16 years with suspected 
asthma; however, it is not recommended to use skin prick test, 
serum total and specific IgE tests, peak expiratory flow rate vari-
ability testing as a primary objective.60,61

Severe asthma remains uncontrolled despite high-dose ICS-
LABA treatment of contributory factors or needs high-dose 
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ICS-LABA to prevent becoming uncontrolled. T2-high inflam-
mation of the airway means high production of IL4, IL13, 
and IL5. Current biologics for severe T2-high asthma: Anti-
IgE: Omalizumab, it is available for > 6 years; anti-IL5/
anti-IL5R: mepolizumab, age > 6 years; benralizumab, 
age > 12 years; reslizumab, age > 18 years; anti-IL4R α 
blocking IL4 + IL13 receptor: dupilumab, age ≥ 12 years. 
Omalizumab has additional effects on viral asthma exac-
erbation.62 Treatment evaluation is recommended after 
4-6 months. All biologics reduced exacerbation nearly to 
50%. In the future, new biologics are expected to be devel-
oped with alarmins. Alarmins are proteins coming from epi-
thelial cell layers with different triggers like pollution and 
smoking. Auto-alarmins are IL-33 and IL-25, which have 
broad effects. Before starting biological treatment be con-
vinced that patients had severe asthma and T2-high inflam-
mation has been demonstrated by high eosinophils, FeNO, 
or IgE. The transition of care from childhood to adulthood is 
important. New non-invasive biomarkers are needed.

Treating asthma by endotypes may be more successful. 
Prednisolone is very useful in the treatment of chronic asthma, 
provided the sputum contains a large number of eosinophils, 
and in the absence of eosinophilic sputum, it is not effective 
enough.63 In preschool wheeze, ERS TF defines 2 patterns: 
episodic (viral) wheeze (EVW) and multiple-trigger wheeze 
(MTW). These 2 are in 2 different mechanisms. Montelukast 
can be started when symptoms of viral cold develop for EVW, 
and maintenance treatment with ICS should be started for 
MTW as trial therapy and should be stopped when there are no 
benefits.64 However, phenotypes can switch over time.65 Four 
pathophysiological clusters (endotypes) were identified in 
recurrent severe preschool wheeze; atopic, non-atopic with 
non-infection rate and high ICS use, non-atopic with high 
infection rates, non-atopic with low infection rate, and no 
ICS.66 In young children with asthma, biomarkers may be useful 
for guiding treatment selection. Sensitized patients and patients 
with eosinophilia (≥300 cells/µL) have good responses to ICS.67 

Stridor is a symptom of airway narrowing, whether it is purely 
inspiratory or purely expiratory (wheezing) or a group “in-
between” characterized with different breathing sounds 
and complex airway anomalies. Physicians usually evaluate 
upper airways to assess the nasal cavity for congestion, atre-
sia, adenoids, tonsils, pharyngeal collapse, vocal cord move-
ment, obstruction, reflux disease, laryngomalacia, fistula, and 
cleft with the airway endoscopy. Severe laryngomalacia and 
laryngeal cleft are often accompanied by swallowing issues 
and airway breathing problems and may need swallowing 
therapy or surgery. Laryngotracheal stenosis is related to mul-
tiple comorbidities and a high degree of pulmonary disease. 
For complex airway cases, upper airway and pulmonology 
follow-up program is suggested, and after the surgery, pulmo-
nary function tests should be performed for follow-up.

Lung involvement in sickle cell disease (SCD) includes acute 
chest syndrome, asthma, recurrent wheezing, pulmonary 
fibrosis and restrictive lung disease, hypoxemia, sickle chronic 
lung disease, sleep-disordered breathing, and pulmonary 
hypertension. Pulmonary complications are the major cause 
of morbidity and premature death. Recurrent acute chest syn-
drome episodes may lead to sickle cell chronic lung disease, 

and lung function deteriorates with the increasing age. Acute 
chest syndrome which starts with the vaso-occlusive crisis has 
a high mortality rate if there is a delay in diagnosis, and treat-
ment is divided into supportive care (oxygenation, prevention 
of atelectasis, intravenous fluids, analgesia) and modifiable 
factors (bronchodilators, transfusion, respiratory infection). 
Airway obstruction and bronchial hyperreactivity are more 
prevalent in patients with SCD and may be independent of 
asthma. Obstructive lung function abnormalities also reflect 
pulmonary vascular abnormalities. Hypoxemia should also 
be promptly treated as it triggers red cell sickling and acute 
or chronic complications. Hydroxyurea treatment and long-
term home oxygen therapy are recommended in these cases. 
Hematopoietic stem cell transplantation and gene therapy 
are curative in SCD.68,69

Interventional Pulmonology
Interventional pulmonology session described new diag-
nostic and therapeutic techniques and procedural aspects 
with detailed videos. Robotic bronchoscopy combined with 
needle-based confocal laser endomicroscopy for peripheral 
LC enables real-time microscopic imaging of cells and is a 
helpful tool for the diagnosis of LC in the absence of endo-
bronchial abnormalities. External sheet enables the fiberop-
tic bronchoscope to move safely to peripheral lesions, and 
endomicroscopy enables visualizing malignant cells. The 
accuracy of this technique is between 89% and 95%.70

Endobronchial valves for lung emphysema help reduce 
hyperinflation in COPD patients resulting in better FEV1 
% predicted, 6-minute walking test, and quality of life. 
Placing endobronchial valves is a relatively safe procedure, 
and reported complications are as follows: pneumothorax 
10-33%, expectoration of valves 5%, and granulation tissue 
formation 10%.71

Target lung denervation for COPD targets parasympathetic 
nerves and aims to reduce airway hyper-responsiveness, 
mucus secretion, and inflammation. With this technique, 
the epithelium of the bronchus is protected, and controlled 
radiofrequency energy is delivered. Results from AIRFLOW 
1 and 2 indicate that moderate or severe exacerbation rates 
are reduced in treated patients.72,73

Cryobiopsy in ILDs has a similar diagnostic yield with surgi-
cal sampling in ILDs but has advantages on length of stay 
in hospital and complications.74-76 Sampling should be done 
from 2 separate sites and patients with increased pneumo-
thorax risk should be monitored carefully. New innovative 
guidance systems like radial ultrasound, CT-fluoroscopy, and 
navigation systems are described within this session. 

First-line treatment for localized LC is surgery, but medical 
comorbidities prevent surgery in 10-25% of the patients. 
Percutaneous radiofrequency ablation of LC was described 
in 2004 and was recommended in ACCP/STS (American 
College of Chest Chest Physicians/Society of Thoracic 
Surgeons) consensus 2012. However, bronchoscopic radio-
frequency ablation is relatively very new. It was shown that it 
is a safe and feasible option, appears to achieve well-targeted 
and complete ablation zones.77 The efficacy of this procedure 
is still being investigated. 
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Rheoplasty in chronic bronchitis aims to control symptoms 
in chronic bronchitis by reducing goblet cells and goblet 
cell hyperplasia.78 Recent studies performed to the fifth- to 
seventh-generation of airways to carina showed improve-
ment in CAT and St. George’s Respiratory Questionnaire 
(SGRQ) scores. 

The first use of shape-sensing robotic bronchoscopy sys-
tem for solitary pulmonary nodules smaller than 2 cm in 
2019 showed safety with 96.6% target nodule reach and 
sampling.79 Another study presented in congress showed 
biopsy completion in 98% of cases. 

Endobronchial ultrasound combined with endoscopic ultra-
sound through esophagus for a complete endoscopic staging 
of LC increases diagnostic yield and is currently considered 
as an optimal non-surgical mediastinal staging tool for LC.80,81

Interstitial Lung Diseases
According to the official ATS/ERS/JRS/ALAT Guideline about 
idiopathic pulmonary fibrosis,82 there are 4 terms: usual inter-
stitial pneumonia (UIP), probable UIP, indeterminate for UIP, 
and alternative diagnosis. Radiologically, subpleural (anterior 
in upper lobes and posterior in lower lobes) and basal domi-
nant honeycombing demonstrates UIP. If other features are 
similar, but there is no honeycombing, the term probable UIP 
is eligible. It has been emphasized that findings can be asym-
metric in these 2 patterns. Indeterminate for UIP category 
includes patients with subpleural and basal predominant 
subtle reticulation and features and/or distribution of lung 
fibrosis that do not suggest any specific etiology. In addition, 
it has been mentioned that the positive predictive value of 
HRCT diagnosis of UIP pattern for pathological UIP pattern is 
90-100%. However, diagnosis of UIP patterns is not easy and 
needs a multidisciplinary evaluation.

It was shown that there are persistent functional alterations 
and persistent HRCT opacities even 12 months after severe 
COVID-19 pneumonia.83 Risk factors for this severe per-
sistent condition are male, older age, increased body mass 
index, the severity of the initial injury, traction bronchiecta-
sis at discharge, and some blood markers. KL-6, leucocyte 
telomere length, cytokine cocktail, 50-gene signature, fibro-
cyte ratio at the time of diagnosis, and 9 weeks evaluation 
of MMP7, HGF, LCN2 are determined risky blood mark-
ers.83-86 LCN-2 is associated with epithelial injury, MMP-7 is 
related to epithelial injury and fibrosis, HGF is a marker of 
epithelial repair.87 It  has been shown that nintedanib does 
not affect survival but provides shorter ventilation duration 
and increases ventilator-free days.88

During the session, early post-COVID ILD was discussed, and 
the features of the early auto-inflammatory phenotype were 
mentioned. Histopathologic findings are consistent with lym-
phoid inflammation and organizing pneumonia in most cases, 
and patients are responsive to corticosteroid treatment.89,90 The 
mechanism of this period is related to the immuno-inflamma-
tory cascade, invasion of the epithelial and endothelial compo-
nents. Hence, immunomodulation and anti-thromboembolism 
prophylaxis has been offered during the presentation.91 There 
are two-hit hypotheses, genetic predisposition or pre-existing 
ILD and pro-fibrotic cascade. There is an indication to treat 

with anti-fibrotic drugs only in cases of disease progression 
despite immunomodulation, and cases are clinically reclas-
sified as IPF (idiopathic pulmonary fibrosis) or progressive 
fibrotic ILDs.82,92,93 Take-home messages of this presentation 
were about the percentages of post-COVID ILD, unknown 
clinical significance, different phenotypes, possible underlying 
auto-inflammatory background, and importance of immuno-
modulatory therapies. 

Another session was about LC associated with fibrotic ILD 
(fILD). Interstitial lung diseases are a variety of parenchymal 
lung diseases that have various origins and causes, related 
either to inflammation or to fibrosis. Associated comorbidi-
ties highly influence morbidity and mortality, and one of 
them is LC. When the IPF group and non-IPF ILD group were 
compared, the incidence of LC was found higher in the IPF 
group, all suggesting that fILD has increased risk for LC devel-
opment.94 Risk factors for cancer in fILD have been identi-
fied in different studies as older age at diagnosis, smoking, 
emphysema, male gender, and rapid annual decline in forced 
vital capacity. So, it is suggested that there might be a con-
nection between the fibrotic process and carcinogenesis. 
Squamous cell carcinoma is the most frequently encountered 
cancer in fILDs, whereas it is adenocarcinoma in the general 
population. Cancer survival is worse in patients with fILD. 
Cancer stage, treatment options like surgery, chemotherapy, 
and radiotherapy cause IPF exacerbations thus increasing 
disease severity and mortality.94

Some molecular biology markers indicating dysplasia in IPF 
are also observed in lung carcinomas and invasive tumors 
of other parts of the body, such as the BRAF (B-Raf proto-
oncogene) pathway.95 With these findings, IPF could be con-
sidered not mainly a fibrotic disease but also a bronchiolar 
epithelial proliferation that the lung parenchyma is rebuilt by 
basal bronchiolar cells. The honeycombing change may be 
considered a pre-neoplastic lesion. 

All treatment options for LC have a major risk of triggering acute 
IPF exacerbations. But with a major anti-fibrotic protective effect, 
more effective cancer therapy in LC-fILD can be achieved, and 
this strategy could improve survival in LC-fILD cases. There is no 
human data on anti-fibrotic therapy reducing the risk of radia-
tion pneumonitis, and there is uncertainty on chemotherapy 
for lung cancer in IPF because of the pulmonary toxicity.

Sleep Disorders
It is not an appropriate approach to evaluate obstructive sleep 
apnea (OSA) cases with different phenotypes with the same 
diagnostic technique and to evaluate them with the same 
treatment method.96 The clustering approach is important for 
the treatment of homogeneous groups defined for personal-
ized medicine. Obstructive sleep apnea cases are clustered 
according to their characteristics such as age, degree of obe-
sity, the severity of sleep apnea, sleepiness, smoking habit, 
and the burden of comorbidities is evaluated. Phenotypes are 
associated with cardiometabolic risk and treatment response. 
Apnea–hypopnea index (AHI) was defined at thresholds to 
classify the disease severity of OSA,97 and AHI has no cor-
relation with Patient and Parent Epworth Sleepiness Score,98 
health-related QoL, and also objective sleepiness on Multiple 
Sleep Latency Test (MSLT).99
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Mild OSA is highly prevalent with 25% of the general popu-
lation having AHI 5-15.100 Symptom profile especially sleepi-
ness has no association with sleep disorder breathing severity 
measured by AHI.101 Continuous positive airway pressure 
benefits sleepiness and QoL but there is no convincing evi-
dence that active therapy of mild OSA affects comorbidi-
ties.102 Pathophysiology of cardiometabolic complications 
of OSA is still incompletely understood, and intermittent 
hypoxia is likely the key factor. It has a unique pattern rather 
than other chronic lung and cardiac diseases and activates 
proinflammatory pathways.103-105 Basal, minimal SpO2, and 
percentage of sleep under SpO2 < 90% Total Sleep Time 
(TST), and oxygen desaturation index (ODI) are used for pre-
dicting intermittent hypoxia. The hypoxic burden is a new 
marker for intermittent hypoxia calculated by the total area 
under the respiratory curve for individual apnea and hypop-
nea and divided into total sleep time.106 Hypoxic burden pre-
dicts cardiovascular mortality better than AHI and ODI.107

Physiological sleepiness is defined by a biological drive to 
sleep which can be measured by MSLT, pupillography, and 
electroencephalography. Manifest sleepiness that involves 
behavioral signs of sleepiness, performance deficit on psycho-
motor or cognitive tasks can be measured by maintenance of 
wakefulness test, vigilance, and performance test. Introspective 
sleepiness which is how the individual self-assesses sleepiness 
can be measured by sleepiness scoring systems.108 Excessive 
sleepiness at the time of OSA diagnosis may not resolve after 
CPAP treatment. Residual sleepiness in sleep apnea patients 
treated with CPAP therapy was more prevalent in patients with 
moderate OSA than in patients with severe OSA and was not 
associated with diabetes or cardiovascular disease. Residual 
sleepiness was more prevalent in low compliance groups. 
Patients with residual sleepiness should be evaluated with 
other possible causes of excessive daytime sleepiness (EDS) 
(obesity, diabetes, mood disorders, drug/alcohol use, anemia, 
hypothyroidism, neurologic disorders). Residual EDS should 
be assessed at least after 3 months of CPAP treatment, and 
other causes of EDS excluded, before starting drug therapy.

The P4 medicine (prediction, prevention, personalization, 
and participation) is an evolving approach to personalized 
medicine for OSA. Prediction determines whether patients 
with OSA will benefit from treatment and respond to ther-
apy. Prevention is divided into primary, secondary, and ter-
tiary. Personalization includes diagnosis and management 
of OSA. Participation contains patient-centered outcomes. 
To approach OSA with an integrative approach, subgroups 
should be well defined.109 The clinical clusters were provided 
an opportunity for a more personalized approach to the man-
agement of OSA.110

Telemedicine can be used in diagnosis, consultation phases 
and CPAP education, titration, and follow-up period for 
patients with sleep breathing disorders (SBD).111 Despite 
potential clinical interest, literature remains scarce because 
of the complexity of the procedure. In the upcoming years, 
new measurement indexes other than the AHI will be impor-
tant, and miniaturized and wearable devices will become 
part of the SBD diagnosis.112,113 In a global view of integrat-
ing management for CPAP patients, telemonitoring by PAP 
devices and smartphone applications for coaching education 

and engagement are going to take an important place in 
improving not only adherence but also the quality of care.114

Thoracic Oncology
Repair and regeneration in chronic lung disease and lung 
cancer sessions were presented, and it has been mentioned 
that lung cancer is a syndrome, not a disease. Various muta-
tions are seen in lung cancer subtypes, most commonly in 
adenocarcinoma. Environmental, hereditary, and replicative 
factors are effective in mutations.115 KRAS, TP53, and some 
mutation signatures are more common in smokers with lung 
adenocarcinoma (LA).116 In mouse models of LA developed 
by tobacco and chemical exposure, it has been shown that 
club cells in the airway are also involved in the tumor, in 
addition to alveolar cells. Again, KRAS mutations were 
observed in club cells in mice, and it was observed that these 
cells were the origin of lung cancer with tobacco exposure.117 
While club cells, bronchoalveolar stem cells, and alveolar 
type 2 cells are involved in transgenetic LA models, club 
cells are primarily involved in those originating from tobacco 
exposure. Affected by environmental exposure and genetic 
mutations, these cells can also be targeted therapeutically.

The extracellular matrix (ECM) consists of various connec-
tive tissue elements, mainly collagen, elastin, and fibronec-
tin. Lung fibrosis is characterized by increased deposition 
in the ECM and changes in cell remodeling and attach-
ment. Proteins associated with ECM-derived pathologi-
cal gene expressions were more produced in fibroblasts in 
IPF.118 Extracellular matrix content also varies in asthmatic 
patients. It has been shown that fibulin-1 expression is 
increased in these patients and is associated with exaggerated 
proliferation.119 Fibulin-1 regulates TGF-ß activity by binding 
to LTBP-1. Especially the absence of fibulin-1C is protective 
against chronic asthma and pulmonary fibrosis.120

Currently, 4000 lung transplantations are performed each 
year. However, due to the difficulties in finding donors, there 
is a need to explore different options. Human tissues can be 
produced with the 3D bioprinting method; however, there 
is a need for the development of bioinks for more advanced 
and complex structures. Reinforced with ECM derived from 
decellularized tissue is a bioink developed for the production 
of small airways. It promotes cell differentiation and mini-
mizes tissue rejection. Studies have shown that it is biocom-
patible in T-cell-immunodeficient and -immunocompetent 
mice. It also supports vascularization in the full graft.121 It is 
promising for the future of lung transplantation.

Repair damage is one of the important factors in the develop-
ment of COPD. Regenerative approaches play an important 
role in the course of diseases. Mesenchymal stem/stromal 
cells regulate properties such as immunomodulation, tissue 
repair, and antimicrobial activity in lung tissue with the fac-
tors they secrete, and it has been reported that they may be 
useful in the treatment of emphysema.122 Stimulating lung 
progenitor cells supports alveolar differentiation and provides 
tissue repair.123

Respiratory Infections
Community-acquired pneumonia (CAP) in the post-COVID 
era and updates on pneumonia including critical analysis 
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of the new guidelines and new diagnostic and therapeutic 
options in light of recent experience with COVID-19 pneu-
monia were discussed in the session. The microbiologic eti-
ology of CAP in the adult population in the United States 
and Europe remains undetected in nearly 2/3 of patients. 
Streptococcus pneumoniae constitutes the majority of detect-
able pathogens. Difficulties in obtaining samples from the 
lower respiratory tract, the effect of antibiotic use before sam-
ple collection, and low sensitivity of some diagnostic tests are 
some possible reasons that might explain the difficulties in 
identifying the etiology of pneumonia.124

Prevalence of multidrug-resistant (MDR) organisms in CAP 
diversifies by region and by pathogens, 3% MRSA-CAP,125 
1% MDR Pseudomonas aureginosa CAP.126 Inappropriate use 
of antibiotic therapy contributes to the development of drug 
resistance, excessive costs, and increased mortality.

The antibacterial pipeline is dominated by derivatives of 
established classes and most of the display-limited innova-
tion. Nonetheless, new antibiotics including ceftaroline 
and ceftobiprole, which are from the cephalosporin group; 
solithromycin from the macrolide group; nemonaxacin and 
delafloxacin from quinolone group, lastly omedacycline and 
lefamulinare are currently under development to treat CAP.127

The mortality rate due to CAP is highly significant. Depending 
on the patients who are in septic shock or need IMV, mortal-
ity is highest up to 40%.128 There are several scoring systems 
that assess the severity of pneumonia-diagnosed patients. 
According to the study of Fan,129 comparing the scoring sys-
tems like A-DROP, CURB-65, PSI, SMART-CAP, NEWS2 CRB-
65, and Q-SOFA in COVID-19 patients, it is found that 
A-DROP, developed by the Japanese Society of Pneumology, 
has the best performance.

Bacterial coinfection is less common in COVID-19 when 
compared with influenza (33%).130 Along with COVID-19, 
increased use of HFNO (High-flow nasal oxygen) due to 
having more ventilator-free days and a decrease in length of 
stay in ICU was observed.131 In a study comparing NIMV and 
HFNO, it was shown that the intubation and mortality rates 
were lower in the HFNO subgroup.132 Moreover, intubations 
rates are reduced with the help of awake prone positioning.

Along with the H1N1 pandemic, real-time diagnosis has also 
revealed the presence of viral pathogens. The treatment of 
viral infections varies and depends on the causative agents. 
Specific diagnostic tools are required to commence the opti-
mal treatment for patients. With the COVID-19 pandemic, 
specific analytic patterns including inflammation, superinfec-
tion, and thrombosis are detected, which lead to a more per-
sonalized treatment strategy.133

CONCLUSION

Early Career Members of the Turkish Thoracic Society have 
closely followed the congress and prepared messages that 
collectively constituted this paper. One of the rising points 
during the congress is the importance of personalized ther-
apy which is important to manage diseases. Another point 
is that, after the COVID-19 pandemic, the application of 
telemedicine increases in both clinical practice and research 

providing an opportunity to improve responses to medica-
tions, individualize treatment and monitoring, and lower 
costs. Also, with this paper prepared by the early career mem-
bers, notes provide up-to-date information and may lead to 
new scientific research or developments.
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Coronavirus disease 2019 is a novel viral infection that has caused a pandemic globally. Many kinds of vaccine development studies 
were conducted to prevent the spread and deaths. The CoronaVac is the most commonly used vaccine in Turkey. Phase 3 trials from 
various countries revealed that CoronaVac efficacy ranged from 50.7% to 91.25% but increased in moderate or severe cases to 100%. 
Additionally, it was remarkable owing to high seroconversion rates achieving up to 100%. After the vaccine campaign began in Turkey, 
critically ill patients continued to admit to our center’s intensive care unit though they had been vaccinated with 2 doses of CoronaVac. 
The clinical course of these patients revealed that they are still at high risk of severe disease and death. Therefore, we aimed to share these 
patients’ clinical characteristics and disease course, laboratory, and radiologic data.
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INTRODUCTION

On December 8, 2019, the researchers defined the first coronavirus disease 2019 (COVID-19) case as unexplained 
pneumonia in China.1 Afterward, the disease has spread rapidly, and the World Health Organization (WHO) declared the 
outbreak as a pandemic.2 To date, COVID-19 caused more than 4.2 million deaths and almost 200 million confirmed 
cases worldwide.3 

The researchers conducted many kinds of vaccine development studies designed in different methods. To date, WHO 
approved the emergency use authorization for Pfizer/BioNTech, AstraZeneca-SK Bio, Covishield, Janssen, Moderna, 
Sinopharm, and CoronaVac.4,5 In Turkey, CoronaVac, Pfizer/BioNTech, and Sputnik V were approved by the Ministry of 
Health for emergency use.6-8 CoronaVac is the most commonly used vaccine in Turkey. Studies from different countries 
determined the efficacy and seroconversion of the CoronaVac in various doses. In phase 1 or 2 trials, the seroconversion 
rate changed between 92.4% and 100% after 2 doses.9-12 Additionally, phase 3 trials revealed that CoronaVac efficacy 
ranged from 50.7% to 91.25%,13-15 but it increased in moderate or severe cases to 100%.15 

CoronaVac was initially administered in 2 doses 4 weeks apart to risky groups and individuals over 65 years old in Turkey. 
Despite the high prevention rates, especially for severe disease, we realized that critically ill COVID-19 patients over 
65 years old were still admitted to our center’s intensive care unit (ICU) though they had been vaccinated with 2 doses. In 
this paper, we aimed to assess critically ill COVID-19 cases admitted to ICU after the second CoronaVac dose.

In this case series, we assessed the patients admitted to ICU in a tertiary hospital between March and May 2021 due to 
COVID-19 after the second CoronaVac dose. Before ICU admission, severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) nucleic acid tests were performed on nasopharyngeal swabs using the reverse transcriptase-polymerase 
chain reaction (RT-PCR) test for all patients according to the local guidelines.16 The date of the first RT-PCR test positivity 
was recorded on ICU admission. All data were collected prospectively. Patient characteristics, laboratory, and radiologic 
data, Acute Physiology and Chronic Health Evaluation (APACHE) II score, and Charlson Comorbidity Index (CCI) were 
recorded. Written informed consent was obtained for each case.

The Statistical Package for the Social Sciences Statistics software (SPSS Version 24.0; IBM Corporation, Armonk, NY, 
USA) was used to perform statistical analysis. The data were expressed as the median and interquartile range for continu-
ous variables and counts and percentages for categorical variables. We did not need any uni- or multivariate analysis.
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CASE PRESENTATIONS

We identified 9 cases with COVID-19 diagnosis confirmed 
by the RT-PCR test. We described their clinical characteris-
tics, disease course (Table 1), laboratory data, and radiologic 
findings (Table 2). 

Patient 1
A 76-year-old male with hypertension (HT), type II diabe-
tes mellitus (DM), hypothyroidism, and retinitis pigmentosa 

was admitted to the hospital due to falling down at home 
17 days after the second CoronaVac dose. The computed 
tomography (CT) excluded pathologies related to trauma 
but revealed multilobar involvement in both lungs with 
multiple subpleural consolidations and ground-glass opaci-
ties suspicious for COVID-19 (Figure 1A). The RT-PCR test 
confirmed the diagnosis. Favipiravir therapy was started. 
Methylprednisolone was given with a dose of 1 mg/kg/day 
and discontinued by gradually reducing in 10 days. The 
patient was transferred to the ICU due to severe hypoxemia 
3 days after admission. High flow nasal oxygen (HFNO) 
and non-invasive mechanical ventilation (NIMV) therapies 
were applied alternately, but he was intubated on the 10th 
day. The patient underwent cardiopulmonary resuscitation 
for 3 minutes after intubation. Seven days after intubation, 
the patient was diagnosed with ventilator-associated pneu-
monia (VAP) caused by Acinetobacter baumannii. On the 
23rd day of ICU admission, the patient died due to septic 
shock.

Patient 2
A 77-year-old male with HT, DM, congestive heart failure 
(CHF), chronic kidney disease (CKD), and chronic obstruc-
tive pulmonary disease (COPD) was admitted to the hospi-
tal with complaints of dry cough 22 days after the second 
CoronaVac dose. Reverse transcriptase-polymerase chain 
reaction test confirmed the COVID-19 diagnosis. The patient 

Table 1.  Baseline Characteristics of the Patients

Patient Characteristics All Cases (n = 12)

Patients

1 2 3 4 5 6 7 8 9

Age, years 77.0 (71.0-78.5) 76 77 75 78 79 66 84 77 67

Gender Male, 5 (55.6) Male Male Male Female Female Female Male Female Male

BMI, kg/m2 28.0 (26.7-32.2) 27.6 41.5 27.3 33.2 31.2 31.1 28.0 26.1 25.6

APACHE II score 16 (12-26) 12 15 19 16 18 11 33 33 10

CCI 5 (4-6) 4 6 4 5 5 4 6 8 2

Smoking history 2 (22.2) − N/A + + − N/A − − −

Comorbidities

  Hypertension 6 (66.7) + + + + + +

  Immunosuppression 0 (0.0)

  Diabetes mellitus 4 (44.4) + + + +

  Coronary artery disease 2 (22.2) + +

  Congestive heart failure 3 (33.3) + + +

  Chronic kidney disease 4 (44.4) + + + +

  COPD 2 (22.2) + +

  Malignancy* 1 (11.1) +

  Cerebrovascular diseases 1 (11.1) +

Duration after second 
vaccine dose, days

29 (17-57) 17 22 17 29 54 7± 60 42 59

Mortality 6 (66.7) + + + − + − + + −
All values are expressed as numbers (percentages) or median (interquartile range).
BMI, body mass index; APACHE II, Acute Physiology and Chronic Health Evaluation II; CCI, Charlson Comorbidity Index; N/A, not applicable; 
COPD, chronic obstructive pulmonary disease.
*Solid-organ malignancies.
±The patient had a contact history with a person diagnosed with COVID-19 2 days after vaccination.

MAIN POINTS

•	 CoronaVac has been approved by many countries and 
World Health Organization for emergency use to prevent 
coronavirus disease 2019 (COVID-19), and it is the most 
commonly used vaccine in Turkey.

•	 Phase 3 trials revealed that the efficacy of the CoronaVac 
vaccine ranged from 50.7% to 91.25% but increased to 
100% in moderate or severe cases.

•	 Despite the high prevention rates achieving 100%, 
especially in moderate and severe cases, critically ill 
COVID-19 patients vaccinated with 2 doses of CoronaVac 
are still admitted to the intensive care unit in our center.

•	 The present data point that patients vaccinated with 2 doses 
of the CoronaVac are still at high risk and precautions for 
disease transmission are still essential for these patients.
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Table 2.  Laboratory and Radiologic Data of the Patients

All Cases (n = 12)

Patients

1 2 3 4 5 6 7 8 9

RT-PCR positivity 9 (100.0) + + + + + + + + +

Laboratory data*

  WBC, ×103/µL 14.9 (10.4-19.5) 9.3 14.9 8.2 11.4 13.5 16.9 16.2 31.2 22.1

  Neutrophil, ×103/µL 13.5 (9.8-17.0) 8.9 13.5 7.7 10.7 12.8 15.0 14.4 30.1 19.0

  Hemoglobin, g/dL 11.0 (8.9-11.9) 11.8 12.0 11.2 8.1 9.6 14.7 8.7 9.0 11.0

  Lymphocyte, ×103/µL 0.5 (0.3-0.8) 0.2 0.5 0.2 0.4 0.4 0.9 0.7 0.7 1.6

  Lymphocyte, % 3.4 (2.3-4.9) 2.3 3.4 2.3 3.8 2.9 5.5 4.2 2.2 7.4

  Platelet, ×103/µL 305 (207-368) 294 330 171 242 305 353 128 383 516

  BUN, mg/dL 32.6 (25.5-52.5) 25.0 30.4 39.4 55.0 50.0 26.0 32.6 111.5 22.6

  Creatinine, mg/dL 1.42 (0.84-2.43) 1.16 1.42 0.86 2.55 1.68 0.81 2.3 3.03 0.72

  Total bilirubin, mg/dL 0.81 (0.67-1.29) 2.04 0.81 1.41 0.61 0.69 0.69 0.65 0.81 1.17

  CRP, mg/L 163 (61-310) 323 297 69 352 102 16 163 238 52

  AST, U/L 44 (31-75) 49 44 113 17 42 26 35 101 44

  ALT, U/L 34 (23-54) 25 34 83 14 28 38 21 46 61

  LDH, U/L 453 (348-590) 399 619 560 229 453 480 297 895 431

  Ferritin, ng/mL 283 (124-2500) 246 1145 136 112 3854 283 106 9878 418

  HS troponin I, ng/L 29 (13-73) 12.0 29.0 29.0 84.0 14.0 6.0 30.5 61.4 145.0

  D-Dimer, µg/mL 1.24 (0.67-2.72) 2.17 0.52 0.55 13.02 0.93 1.24 2.68 0.79 2.75

  Procalcitonin, ng/mL 0.23 (0.08-1.87) 2.73 0.23 0.09 26.91 0.09 0.06 0.79 1.01 0.07

  BNP (plasma), pg/mL 290 (84-854) 290 233 84 854 N/A N/A 729 3098 73

Arterial blood gas 
analysis*

  pH 7.43 (7.33-7.51) 7.53 7.43 7.51 7.32 7.43 7.42 7.33 7.23 7.51

  PaCO2, mmHg 31 (30-37) 27 32 31 31 29 41 51 30 32

  PaO2, mmHg 52 (47-57) 52 49 56 70 49 57 46 36 57

  HCO3, mmol/L 24.6 (19.0-25.7) 24.6 22.5 26.4 17.0 21.0 25.0 24.9 13.3 26.8

  Lactate, mmol/L 2.4 (1.5-2.8) 2.4 2.6 1.6 1.3 1.8 3.0 0.6 4.4 2.6

  SO2, % 88 (85-91) 93 86 89 92 84 88 86 50 89

  PaO2/FiO2 81 (67-94) 73 82 93 159 75 81 60 60 95

Chest CT compatibility±

  Typical 6 (66.7) + + + + + +

 � Indeterminate 
appearance

2 (22.2) + +

  Not applicable 1 (11.1) +

Chest CT severity

  Mild 0 (0.0)

  Moderate 3 (33.3) + + +

  Severe 3 (33.3) + N/A N/A N/A + +

All values are expressed as median (interquartile range).
RT-PCR, real time-polymerase chain reaction; WBC, white blood cell; BUN, blood urea nitrogen; CRP, C-reactive protein; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; HS troponin I, high-sensitive troponin I; BNP, brain natriuretic 
peptide; PaCO2, partial pressure of arterial carbon dioxide; PaO2, partial pressure of arterial oxygen; SO2, arterial oxygen saturation; FiO2, fraction 
of inspired oxygen; CT, computed tomography; N/A, not applicable.
*Tested on the day of ICU admission.
±Performed on hospital admission.
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had a mild illness and was discharged home with favipiravir 
therapy. Two days later, he was readmitted to the hospital with 
dyspnea, and oxygen saturation (SpO2) was 85% in room air. 
Chest CT scan revealed basal-localized bronchocentric nod-
ular consolidations with ground-glass opacities and crazy-
pawing pattern bilaterally compatible with severe COVID-19 
pneumonia (Figure 1B). The patient was transferred to ICU 
on the day of hospital admission due to respiratory failure. 
Methylprednisolone was started with a dose of 1 mg/kg/day 
as an addition to favipiravir. Also, levofloxacin therapy was 
added empirically. Two days later, the disease progressed, 
and the methylprednisolone dose was increased by 250 mg/
day for 3 days and then decreased to 1 mg/kg/day. On the 
14th day, the patient was intubated due to severe hypoxemia. 
Five days after intubation, he was diagnosed with VAP caused 
by Klebsiella pneumoniae. Additionally, A. baumannii was 
detected in percutaneous blood sample culture. The patient 
died on the 30th day of the ICU stay due to septic shock.

Patient 3
A 75-year-old male patient with HT and COPD was admitted 
to the emergency unit with a complaint of dyspnea 17 days 
after the second CoronaVac dose. On admission, the SpO2 
was 68%. The chest CT scan revealed peripheral ground-
glass opacities with the signs of interstitial lung disease and 
was reported as indeterminate appearance for COVID-19. 
The reverse transcriptase-polymerase chain reaction test 
resulted in positive. Then the patient was transferred to the 
ICU on the day of admission. Favipiravir and levofloxacin 
were started. Methylprednisolone was initiated with a dose 
of 250 mg/day for 3 days, then decreased to 1 mg/kg/day, 
and discontinued by gradually reducing in 10 days. High flow 
nasal oxygen therapy was started. Despite the HFNO, respira-
tory failure progressed, and the patient was intubated due to 
deterioration of mental status. On the 14th day of intubation, 

the patient underwent bedside percutaneous tracheostomy. 
The patient died on the 37th day of ICU admission due to 
septic shock.

Patient 4
A 78-year-old woman with HT, coronary artery disease (CAD), 
CHF, CKD, and a history of aortic valve replacement was 
admitted to the emergency unit with a complaint of abdomi-
nal pain. Physical examination and laboratory data indicated 
acute pancreatitis. During the gastroenterology ward stay, 
the disease became complicated due to acute kidney injury. 
Before the ICU admission, the RT-PCR test resulted in posi-
tive. Although the patient got the second dose of CoronaVac 
29 days ago, the RT-PCT test was positive. On the third day 
of hospital admission, the patient was transferred to the 
ICU. Favipiravir was initiated for the treatment of COVID-19 
and there was no need for methylprednisolone therapy. The 
patient only needed conventional oxygen therapy during the 
ICU stay. She was discharged on the sixth day from ICU with 
no complications. 

Patient 5
A 79-year-old woman with CKD was admitted to the emer-
gency unit due to dyspnea. The patient had a history of 
non-Hodgkin lymphoma diagnosed in 2016, received chemo-
therapy, and was followed up for 5 years with no recurrence. 
She also had undergone a mastectomy in 2000 due to breast 
cancer and used hormone therapy for only 5 years. The chest 
CT scan indicated consolidations, air bronchograms, ground-
glass opacities on the mid-peripheral zones, and bilaterally 
pleural effusion. It was reported as an indeterminate appear-
ance for the diagnosis of COVID-19 pneumonia. Although the 
patient was vaccinated almost 2 months ago, the RT-PCR test 
resulted in positive. Despite routine therapies including favip-
iravir, methylprednisolone (1 mg/kg/day), anti-biotherapy, 

Figure 1.  Axial thorax computed tomography findings of the patients are shown in (A-F). (A) Multiple subpleural consolidations and ground-
glass opacities, (B) widespread ground-glass opacities and consolidations, (C) ground-glass opacities and reticular densities, (D) subpleural 
multicentric ground glass opacities prominently in left the lung and diffuse emphysema in both lungs, (E) widespread ground-glass opacities 
and consolidations in both lungs, and (F) ground-glass opacities and reticular densities prominently in the left lung. CT, computed tomography.
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oxygen therapy via non-rebreather reservoir mask, and prone 
position, the respiratory failure worsened on the seventh day 
of admission, and the patient was admitted to ICU to pro-
vide advanced respiratory therapies. The methylprednisolone 
therapy was revised with a dose of 250 mg for 3 days and 
then decreased to 1 mg/kg/day with a discontinuation plan 
after gradually reducing in 10 days. High-flow nasal oxygen 
and NIMV therapies were applied alternately. On the sev-
enth day of ICU admission, she was intubated due to refrac-
tory hypoxemia. Then, she was diagnosed with acute kidney 
injury. During the third hemodialysis therapy, she underwent 
cardiopulmonary resuscitation due to cardiac arrest and did 
not achieve the return of spontaneous circulation.

Patient 6
A 66-year-old woman with DM and a history of ischemic 
cerebrovascular event was diagnosed with COVID-19 by 
RT-PCR test by the filiation team 7 days after the second 
CoronaVac dose. She had a contact history 2 days after the 
last vaccine dose with her nephew, who was diagnosed with 
COVID-19. Favipiravir therapy was started on the day of 
diagnosis, and 4 days later, the patient was admitted to the 
emergency department with complaints lasting 2 days of dry 
cough, back pain, and dyspnea. The chest CT scan revealed 
a severe involvement with the ground glass opacities and 
reticular densities in all pulmonary lobes (Figure 1C). Oxygen 
saturation was 87% in room air. After admission to the pan-
demic ward, methylprednisolone was started with a dose of 
1 mg/kg/day. On the eighth day of the hospital admission, 
the patient was transferred to the ICU due to severe respira-
tory failure. Methylprednisolone dose was changed to 250 
mg/day for 3 days and then decreased to 1 mg/kg/day with 
a discontinuation plan in 10 days after gradually reducing. 
Respiratory support was provided with HFNO and NIMV 
alternately. On the fifth day of ICU admission, the patient 
was diagnosed with macrophage activation syndrome, and 
tocilizumab was administered with a dose of 400 mg once. 
Gradually, the respiratory support decreased. On the eighth 
day of ICU admission, respiratory support was converted to 
conventional oxygen therapy. She was discharged on the 
11th day of ICU admission.

Patient 7
An 84-year-old male patient with CAD and dementia who 
lives at a nursing home was diagnosed with COVID-19 by 
the filiation team 2 months after the last CoronaVac dose. 
Favipiravir was prescribed for an ambulatory treatment pro-
cess. Twenty days later, he was admitted to the emergency 
unit due to clouding of consciousness and tachypnea. Chest 
CT scan revealed a moderate pulmonary involvement with 
diffuse peripheral ground-glass areas more prominent in the 
left lung and diffuse emphysema in both lungs (Figure 1D). 
The laboratory tests showed metabolic acidosis with a nor-
mal partial oxygen pressure, clearly indicating acute renal 
failure. The patient needed repeated hemodialysis thera-
pies, and on the fourth day of admission, oxygen therapy 
was started via a simple oxygen mask due to hypoxemia. 
On the sixth day of admission, he was transferred to ICU for 
advanced respiratory support. On the day of ICU admission, 
methylprednisolone was started with a dose of 1 mg/kg/day, 
and the patient was intubated due to HFNO failure. On the 

fifth day of intubation, endotracheal aspirate sample culture 
indicated VAP diagnosis due to K. pneumoniae. Although the 
administration of appropriate medications according to anti-
microbial resistance results, the patient died on the 15th day 
of ICU admission due to pneumosepsis.

Patient 8
A 77-year-old woman with HT, DM, CHF, CKD, and a his-
tory of aortic valve replacement was diagnosed with COVID-
19 by the filiation team 42 days after the second CoronaVac 
dose. She used favipiravir therapy for 5 days, and on the sev-
enth day of diagnosis, she was admitted to the emergency 
unit due to severe dyspnea. On admission, SpO2 was 78% 
in room air. There was widespread involvement of bilat-
eral middle and upper lobes in the chest CT scan, includ-
ing ground-glass opacities and consolidations (Figure 1E). 
She was transferred to ICU for HFNO therapy on the day of 
emergency unit admission. Levofloxacin therapy was started. 
Methylprednisolone was initiated with a dose of 1 mg/kg/
day, then increased to 250 mg/day for 2 days, and decreased 
to 1 mg/kg/day again for 10 days. On the 10th day of ICU 
admission, the patient was intubated due to altered mental 
status caused by hypoxemia. The culture of tracheal aspirate 
samples collected on the day of intubation revealed A. bau-
mannii pneumonia, and the patient died on the 13th day of 
ICU admission due to septic shock.

Patient 9
A 67-year-old man with HT was admitted to the emergency 
unit due to dry cough and dyspnea 59 days after the sec-
ond CoronaVac dose. Chest CT scan revealed the ground 
glass opacity with moderate involvement (Figure 1F), and 
the RT-PCR test was positive for COVID-19. Favipiravir was 
started. On the fifth day of admission, methylprednisolone 
was started with a dose of 1 mg/kg/kg due to increased oxy-
gen requirement. On the eighth day of admission, respiratory 
failure progressed, and the patient was transferred to ICU. The 
patient was supported with HFNO, and an awake prone posi-
tion was provided for at least 12 h/day. Methylprednisolone 
dose was increased to 250 mg/day for 3 days and then 
decreased to 1 mg/kg/day. The patient was transferred to the 
ward without any complication on the seventh day of ICU 
admission.

DISCUSSION

In the present case series, we assessed 9 critically ill patients 
with laboratory-confirmed COVID-19 after the second dose 
of CoronaVac vaccination. The median age of the patients 
was 77.0 years (71.0-78.5), and most of them were male 
(55.6%). The median APACHE II score was 16 (12-26). All 
patients had at least one or more comorbidities, and the 
median CCI was 5 (4-6). The most common comorbidities 
were HT (66.7%), DM (44.4%), and CKD (44.4%). None 
of the patients had immunosuppression. The laboratory data 
revealed high rates of infectious parameters and decreased 
global oxygen delivery with a low partial pressure of arte-
rial oxygen (PaO2)/fraction of inspired oxygen (FiO2) values. 
Radiologic findings showed various levels of pulmonary 
involvement ranging from moderate to severe, but none had 
a mild involvement. The median duration after the second 
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dose of vaccination to PCR positivity was 29 days (17-57). 
Despite the high seroconversion rates up to 100%9-12 and 
efficacy rates achieving 100%, especially in moderate or 
severe cases,13-15 the mortality was 66.6% in the present 
data. Additionally, the rate of mortality was relatively similar 
to a previous study from the same center.17 The presented 
data demonstrated that patients vaccinated with 2 doses of 
the CoronaVac vaccine are still at risk of severe COVID-19, 
and death and precautions for disease transmission are still 
essential for these patients.

All patients were vaccinated with 2 doses of CoronaVac. The 
duration from the second vaccine dose to COVID-19 diag-
nosis ranged between 7 and 60 days. In phase 1 or 2 tri-
als of CoronaVac vaccine, the seroconversion rates after 
different follow-up periods such as 14 or 28 days were 
97% in healthcare workers,9 96.8%-100% in healthy chil-
dren and adolescents,10 92.4%-97.4% in healthy individu-
als aged between 18 and 59 years,12 and 95.7%-100% in 
healthy volunteers aged 60 years or over.11 None of our 
cases had a documented seroconversion rate measurement 
between COVID-19 diagnosis and vaccination. Previous 
studies determined that the CoronaVac vaccine achieves 
higher efficacy rates with higher neutralizing antibody lev-
els on the 28th day than on the 14th day after the sec-
ond dose.11,12 In this case series, COVID-19 was diagnosed 
14 days after the last CoronaVac dose in 8 patients and 
28 days after in 5. Additionally, the contact history of the 
patient 6, 2 days after the last dose of vaccination was nota-
ble, although she was diagnosed 7 days after the vaccina-
tion with COVID-19.

The phase 3 trials from Brazil, Indonesia, and Turkey showed 
the CoronaVac efficacy with the rates of 50.7%, 65.3%, and 
91.25%, respectively,13-15 but it increased in cases requir-
ing assistance to 83.7% and in moderate or severe cases to 
100%.15 However, in 8 cases, the disease progressed to severe 
respiratory failure, and 6 patients died. In the deceased cases, 
the laboratory and radiologic data revealed severe hypox-
emia, decreased global oxygen delivery, a lower PaO2/
FiO2 ratio than 100 mmHg, and moderate or severe involve-
ment in chest CT images. Additionally, in 2 deceased patients, 
on ICU admission, a high level of procalcitonin indicating 
secondary infection was notable. 

Recent studies showed that individuals vaccinated with 
CoronaVac had a reduced neutralizing capacity against the new 
variants, especially for the B.1.617.2 (Delta) strain.18,19 However, 
all patients included in the present case series were diag-
nosed with COVID-19 between March and May 2021 when 
B.1.617.2 strain had not been detected in Turkey yet,20 but the 
patients in the present case series were not tested to determine 
any kinds of strain. Thus, any of them might also be an unde-
fined delta variant case from Turkey.

In conclusion, we defined 9 critically ill cases with severe 
COVID-19, who all were diagnosed after 2 doses of 
CoronaVac vaccination and presented their clinical char-
acteristics, laboratory, and radiologic data in this paper. 
Although it is still debating whether CoronaVac is effective 
against the variants such as B.1.617.2, individuals vacci-
nated with 2 doses of CoronaVac might also be infected by 

a non-Delta variant. Also, patients admitted to the hospital 
due to any reason except COVID-19 may potentially have 
the risk of asymptomatic COVID-19, though they had been 
vaccinated with 2 doses of CoronaVac. We hope that the 
data presented in this paper contribute to improving out-
comes of the postvaccination COVID-19 cases. However, it 
is clear that new randomized, controlled trials are needed 
on this topic.
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Chromosomal breakage syndromes are a group of genetic disorders that are ascribable to the autosomal recessive mode of inheritance. 
Xeroderma pigmentosum is one of the chromosomal breakage syndromes which is due to the involvement of deformity in the deoxyri-
bonucleic acid’s nucleotide excision repair. Xeroderma pigmentosum is a genetic disorder, which is autosomal recessive, heterogeneous, 
and more common in cases of consanguinity, caused by mutations in at least 10 genes and 9 complementation groups. The disorder 
is very rare. Patients experience photophobia and extreme photosensitivity and have pigmentary changes in ultraviolet light-exposed 
areas of the body with freckling, premalignant, and malignant skin lesions arising in keratinocytes soon after the fleeting exposure to 
sunlight. Patients are also oversensitive to environmental mutagens such as cigarette smoke and possibly to the widely used agricultural 
insecticide, diazinon. Progressive neurological abnormalities along with some rare complications are also noticed among these patients. 
Symptoms and thoracic high-resolution computed tomography are considered for diagnosis. Only corticosteroids can be given to limit 
the progression of the disease. Xeroderma pigmentosum-related interstitial lung disease is one of the rarest forms and we thereby report 
an interesting case.

KEYWORDS: Xeroderma pigmentosum, interstitial lung diseases, corticosteroids
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INTRODUCTION

The interstitial lung disease (ILD) describes a heterogeneous group of chronic disorders comprising of lung parenchyma 
and alveolar interstitium.1 Interstitial lung disease in pediatric patients is a varied group of rare respiratory disorders that 
are usually present in childhood and associated with significant morbidity and mortality. However, the presentation 
can sometimes be a delayed one and the manifestations may be evident in adolescence or early adulthood. This can 
be attributed to the slow progression leading to delay in seeking medical care. The pathogenesis of the distinct child-
hood ILD (ChILD) is complicated and implicates genetic contributors.2-5 Childhood interstitial lung disease incidence is 
arduous to assess, probably because the diagnosis remains cryptic in abounding situations without identifiable causes. 
This is embellished by reviewed prevalence estimates that extend from 0.1 to 16.2 cases per 100 000.2,4-6 Sometimes 
the etiology of ILD can be identified to be caused by inorganic and organic exposure, drugs, connective tissue disease, 
or smoking-related. However, the identification of such a cause is seldom seen in child. The clinical course of the child 
case is unforeseeable, with a decline in pulmonary functions punctuated by episodes of acute exacerbation.2,7 Various 
multisystem genetic disorders may have child as one of their components. Xeroderma pigmentosum (XP) is a rare genetic 
multisystem disorder affecting skin and lungs and also predisposes the patient to develop distinct malignancies. The 
elementary pathology in patients with XP is a breakdown of an enzyme involved in nucleotide excision repair (NER). 
Defective deoxyribonucleic acid (DNA) repair occurs after exposure to ultraviolet light (UV) light, customarily in the 
range of 290-320 nm or chemical carcinogens. Xeroderma pigmentosum-associated ILD is very rare and can present as 
microcephaly, cerebellar ataxia, growth retardation, skeletal abnormalities, hypogonadism, pancytopenia, abnormal pig-
mentation, and immunodeficiency’s.8

CASE PRESENTATION

A 20-year-old male non-addict, the eighth child of non-consanguineous parents was referred from the medical ward in 
view of breathlessness to our outpatient department. He had a past history of pulmonary tuberculosis (TB) (presented 
with hemoptysis) at the age of 4 months old and was managed with anti-tubercular treatment for 1 year. He was symp-
tomatic since childhood with complaints of dry cough, dyspnoea on exertion for 4 months (Modified Medical Research 
Council-MMRC grade 4), intermittent fever, and history of infective exacerbation 0-1/year, multiple skin pigmentation, 
and hypersensitivity to sunlight, and thus, he was diagnosed with XP. There was no history of chest pain. He had increased 
symptoms for 4 months with a complaint of dry cough, increased tremor, history of increased frequency of bowel move-
ments, and intermittent fever. His general examination was within normal limits. Physical examination revealed bilateral 
crackles, and a 6-minute walk distance could not be performed. On investigation, his hemoglobin level was 13.3 g/dL 
and his total leucocyte count was 28 000 cells per cubic millimeter of blood, with neutrophils 80% and lymphocytes 
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10%. Other biochemical parameters were within normal lim-
its. Chest radiograph showed bilateral reticulonodular opaci-
ties (Figure 1). Serum immunoglobulin-E was 394. Human 
immunodeficiency virus, hepatitis C virus, hepatitis B virus, 
and serological tests were non-reactive. High-resolution 
computed tomography showed intra- and interlobular sep-
tal thickening, ill-defined ground glass opacities throughout 
lung parenchyma, widespread ill-defined centrilobular nod-
ules, and scattered and patchy lobular air trapping (Figure 2). 
These features were consistent with ILD. As the patient was 
symptomatic since childhood, relapse TB and lung cancer 
were excluded as diagnosed clinically and radiologically due 
to the chronic duration of illness. Two-dimensional echo-
cardiography revealed pulmonary artery systolic pressure 
of 40 mmHg. Spirometry showed a restrictive pattern with 
forced vital capacity (FVC) of 9% and Indian predicted (IP) of 
10%. The patient was referred for expert neurology opinion 
to the in-house neuromedicine department, and the likeli-
hood of neurological involvement was excluded by history 
and clinical examination. Ophthalmology reference was 
done to rule out squamous cell carcinoma of the eye and 
he was diagnosed as having early pterygium with prominent 
blood vessels. We excluded immunodeficiency-related lung 
infection (Pneumocystis pneumonia (PCP) and many others) 

by doing sputum examination for gram smear and culture, 
fungal smear, and culture and sputum for PCP. Bronchoscopy 
was planned but was not possible due to the deterioration 
in the patient’s clinical condition. Hematological malignan-
cies were excluded by complete blood count and differential 
count and by taking expert hematological opinion. However, 
in view of patient being relatively symptomatic and lung 
function is very poor, trans-bronchial lung biopsy (TBLB) was 
not done. The genetic test was not performed due to financial 
restrictions. The final diagnosis was made as XP-associated 
ILD which was based on a multidisciplinary approach. 
Patient was started on tablets prednisolone 30 mg per day for 
6 months followed by tapering for total duration of 6 months 
and fluconazole 200 mg stat followed by 100 mg per day for 
10 days in view of XP with oral candidiasis. Patient was a 
candidate for long-term oxygen therapy and offered the same 
with other rehabilitation. Within few months after discharge, 
the patient died shortly at age of 20 years.

DISCUSSION

Xeroderma pigmentosum is an extremely rare autosomal reces-
sive disorder (chromosomal breakage syndrome). It was first 
described by Moriz Kaposi2 in 1876. Xeroderma Pigmentosa 
is divided into eight subtypes with seven caused by a defect 
in the NER pathway  (XPA,XPB,XPC,XPD,XPE,XPF,XPG) while 
the eighth (XPV) caused by a defect in DNA polymerase.9 It 
starts in early childhood and severe changes occur as pig-
mentary changes in UV-exposed areas of the body and cuta-
neous photosensitivity. Incessant exposure may result in skin 
cancer development.9,10 The skin ages prematurely frequently 
over sun-exposed area, look dry, and contain both hypo and 
hyperpigmented regions.9-11 Our patient was also having mul-
tiple skin pigmentation and hypersensitivity to sunlight since 
childhood. There is a defect in the DNA repair mechanism. 
In children younger than 3 years, severe changes appear and 
become progressively more severe. Patients experience pho-
tophobia and extreme photosensitivity and have pigmentary 
changes in UV-exposed areas of the body with freckling, 
premalignant, and malignant skin lesions. Patients are also 
hypersensitive to environmental mutagens such as cigarette 

Figure 1.  Bilateral reticulonodular opacities.

Figure  2.  High resolution computed tomography showing 
honeycombing, septal thickening.

MAIN POINTS

•	 Xeroderma pigmentosa-related interstitial lung disease 
(ILD) is one of the rarest forms of ILD.

•	 The underlying pathogenic mechanism behind this devel-
opment is based on short telomere abnormality.

•	 Only corticosteroids can be given to limit the progression 
of the disease.
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smoke and possibly to the widely used agricultural insecti-
cide, diazinon.8 Patients due to UV radiation exposure are 
prone to develop central nervous system (CNS) tumors, which 
manifest as a neurodegenerative process, and other tumors 
as well. Ultimately landing to have a short life span.12 Our 
patient did not have any CNS abnormalities. Further neuro-
degenerative problems that arise include impaired cognitive 
ability, ineptitude to walk, hearing loss, delayed sexual devel-
opment, abnormal speech, and inability to swallow leading 
to the requirement of a feeding gastrostomy.9,13 Our patient 
did not have any impaired cognitive abnormalities; however, 
he had difficulty walking. Studies also propose that below 20 
years, XP patients have an increased risk for brain cancers 
and those at other CNS locations.14-16 The Peculiarity of XP is 
related to young-onset and lesion which commence around 
2-8 years.13,14,17 To diagnose XP, DNA analysis is often used 
helping to differentiate XP from autosomal dominant diseases 
that could be mistaken for XP including Peutz–Jeghers syn-
drome, Cockayne syndrome, Leopard syndrome, and Carney 
complex.9,11,13 In our patient, we could not do genetic analy-
sis due to financial restrictions. The most common fate for 
individuals with XP is death from skin cancer, most frequently 
due to metastatic melanoma or invasive squamous cell carci-
noma.13,14 Patients with XP are 1000 times more prone to skin 
cancers caused by UV irradiation.9,18

Xeroderma pigmentosum can occasionally also affect the 
respiratory system in the form of an ILD. The underlying 
pathogenic mechanism behind this development is based 
on short telomere abnormality. This triggers an inflammatory 
state and precipitates ILD in such individuals on exposure 
to infection or hypersensitivity.19 Patients diagnosed with ILD 
usually have symptoms of cough or dyspnea on exertion; for 
many, there is evidence of pulmonary restriction, decreased 
diffusion capacity, and radiographic appearance of alveolar 
and/or reticulonodular infiltrates.20 The onset of respiratory 
symptoms can be in childhood or they could be noticed in 
early adulthood like in our case. The XPILD is peculiar in its 
histology, which is uniquely characterized by chronic inflam-
mation and lung fibrosis. In our case, as the patient is very 
symptomatic, TBLB was not done and as signs and symptoms 
are non-specific, the clinical examination usually does not 
contribute to the diagnosis of ILD. On pulmonary function 
testing, restrictive lung disease may express the presence of 
an interstitial process. In our patient, pulmonary function test 
showed a restrictive pattern with FVC of 9% and IP of 10%. 
Knowledge of its existence is pertinent to maintain a high 
index of suspicion for unearthing its diagnosis in such rare 
syndromes. This helps to attain a definitive diagnosis by a 
multidisciplinary approach and avoid unnecessary invasive 
investigations like a lung biopsy.
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