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Epidemiology
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Pulmonary Sequelae

• A spectrum of pulmonary manifestations

– Dyspnea (with or without chronic oxygen dependence)

– Difficult ventilator weaning 

– Fibrotic lung damage

• Dyspnea 

– The most common persistent symptom beyond acute COVID-19

– Ranging from 42–66% prevalence at 60–100 d follow-up

– Median 6MWT distance was lower than normal reference values in 
approximately 25% of patients at 6 months

– Prevalence similar to that in SARS and MERS survivors

6Nalbandian A et al. Nat Med. 2021 Apr;27(4):601-615.



Clinical Manifestation

• Need for supplemental oxygen or CPAP (persistent hypoxemia): 6.6~6.9%
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Chopra V et al, Ann Intern Med 2021 Apr;174(4):576-578

US, hospitalized patients, 60-day outcome

• Only 52% were successfully weaned from MV 1 month later

Spain, 1,800 patients requiring tracheostomy

• HRCT at 6 months => at least one abnormal pattern

China, 349 discharged patients 

Huang C et al, Lancet 2021 Jan 16;397(10270):220-232

Martin-Villares C et al, Eur Arch Oto-Rhi-Lar 2021;278:1605-1612



Pathophysiology

• Predominant mechanism of acute COVID-19

– Direct viral toxicity

– Endothelial damage and microvascular injury; 

– Immune system dysregulation and stimulation of a hyper-
inflammatory state;

– Hypercoagulability with resultant in situ thrombosis and 
macrothrombosis

– Maladaptation of the angiotensin-converting enzyme 2 (ACE2) 
pathway.
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Pathophysiology

9Gupta A et al, Nature Medicine, 2020;26:1017-1032



Long COVID

• Acute COVID-19: Presence of signs and symptoms of COVID-19 from onset 
to 4 weeks. 

• Ongoing symptomatic COVID-19: Signs and symptoms of COVID-19 
between 4 and 12 weeks. 

• Post-COVID-19: Signs and symptoms lasting more than 12 weeks and not 
explained by an alternate diagnosis. 

• Long COVID-19: Refers to the association of both ongoing and post-COVID-
19 

10Shah W et al, BMJ 2021; 372 :n136 doi:10.1136/bmj. n136 

(from summary of NICE, SIGN, and RCGP rapid guideline)



Long COVID

11Yong  SJ et al. Infectious Diseases 2021;1-18



Post-acute COVID-19

Timeline of post-acute COVID 19

12Nalbandian A et al. Nat Med. 2021 Apr;27(4):601-615.
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Symptoms among Long COVID Patients

• Fatigue (31-58%)

• Dyspnea (24-40%)

• Musculoskeletal pain (9-19%)

• Anosmia/Dysgeusia (10-22%)

• Cognitive impairment (‘brain fog’) (12-35%)

• Sleep disturbances (11-44%)

• Cough (7-29%)

• Chest pain (6-17%)

14Alkodaymi MS et al. Clin Microbiol Infect. 2022 Feb 3;S1198- 743X(22)00038-6



15Y Kim et al. BMC Infect Dis. 2022 Jan 27;22(1):93.

• 241 (female 68.0%)

• 37 [IQR 26–51] years old

• Asymptomatic:11 (4.6%)

• Mild :194 (80.5%)

• Moderate :30 (12.4%)

• Severe:6 (2.5%)

• Critical:0 (0.0%)



Lung Fibrosis

• Definitions: fibrotic-like 
changes: traction 
bronchiectasis 
parenchymal bands ±
honeycombing 

• CT F/U: 6M

• Prevalence: 35%

16

China, RT-PCR positive 114 patients: ≥ 18 years
NIV : 24 pts (21.0%), MV: 4 pts (3.5%)

Han X et al. Radiology 2021 Apr;299(1):E177-E186

Prevalence by Definitions



Prevalence by Definitions

• Definitions: fibrotic-like changes 
(reticular pattern and/or 
honeycombing)

• CT F/U: 6M

• Prevalence: 72%

17Caruso D et al. Radiology. 2021 Nov;301(2):E396-E40

Italy, RT-PCR positive, 6 months, assessment by HRCT, N=118



Prevalence by Definitions

• Definitions: coarse fibrous bands 
± obvious parenchymal 
distortion BE/bronchiolectasis
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• CT F/U: 3M • Prevalence: 67%

Rob J. J. van Gassel et al. AJRCCM. 2021 Feb;203(3):371-374

Netherlands, RT-PCR positive, 3 months, assessment by HRCT, N=46



Prevalence by Definitions

• Definitions: parenchymal 
bands, irregular 
interfaces reticular 
opacities traction 
bronchiectasis ±
honeycombing

• CT F/U: 3M

• Prevalence: 52%
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China, RT-PCR positive, Alive, 81 patients
NIV : 21 pts (25.9%), MV: 14 pts (17.3%), ICU admission: 45 (55.6%)

Huang J et al. J Infection 2021 ;82:E5-E7



20

Prevalence by Definitions

Korea, Multicenter(8), RT-PCR positive, 1 Month after discharge, 
assessment by HRCT, N=65
≥ 2 component: (Reticulation, Architectural distortion ± parenchymal band, 
Traction bronchiectasis/bronchiolectasis, Honeycombing)

A study on the clinical characteristics including severity of 
pulmonary fibrosis by COVID-19 (Unpublished data)

Supported by a fund by Research of Korea Centers for Disease Control and Prevention 
(2021ER190100)



Lung Fibrosis: Risk Factors

• Age ≥65

• Illness severity

• Length of ICU stay and Mechanical Ventilation

• Smoking

• Chronic Alcoholism

21Ademola SO et al. Pulm Med. 2020 Aug 10;2020:6175964



Risk Factors

22Zou JN et al. PLoS One 2021 ; https://doi.org/10.1371/journal.pone.0248957 

China, RT-PCR positive, assessment at discharge, by HRCT, N=284



Risk Factors

23Aul R et al. Respiratory Medicine 2021;188:106602

UK, RT-PCR positive, 6 weeks after discharge, assessment by HRCT, N=387
Established fibrosis ± ground glass abnormalities



Risk Factors

24Ambardar SR et al. J Clin Med 2021;10:2452
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Korea, Multicenter(8), RT-PCR positive, 1 Month after discharge, assessment by HRCT, N=65
≥ 2 component: (Reticulation, Architectural distortion ± parenchymal band, Traction 
bronchiectasis/bronchiolectasis, Honeycombing)

Risk Factors

A study on the clinical characteristics including severity of 
pulmonary fibrosis by COVID-19 (Unpublished data)

Supported by a fund by Research of Korea Centers for Disease Control and 
Prevention (2021ER190100)



Prognosis

• Post-COVID-19 Pulmonary fibrosis(PCPF)’s course 

– Could also be similar to other well-documented forms of post-viral PF 
such as those occurring after SARS/MERS/H1N1 infection

26Ambardar SR et al. J Clin Med 2021;10:2452

Antonio GE et al. Radiology 2003;228:810–815. 

Zhang P et al. Bone Res 2020;8:8.

[In SARS patients]
- Post-viral parenchymal damage and functional decline mostly recovered 

within two years of disease onset
- CT studies of SARS-CoV-1 showed radiologic features suggestive of fibrosis in 

more than half of patients after an average of 37 days 
- Interstitial abnormalities in only 5% of patients after 15 years’ follow-up



Prognosis

• It is unclear if the change in findings over time represents selection or 
survival bias as opposed to resolution of fibrotic imaging findings in some 
patients.

• Similarly, post-ARDS fibrotic changes have not been seen to progress when 
the etiology of ARDS is due to viral respiratory infections.

27

Crisan-Dabija R et al. Proteome Res. 2020 Nov 6;19(11):4327-4338. 

Chaudhary S, et al. Front Med (Lausanne). 2020 Sep 9;7:539



Prognosis

• Histopathological progression 
of DAD to the fibrosing pattern: 
43%

28

N=31, died from COVID-19 infection, autopsy

Histopathology 2021;78(4):542-555



Prognosis

• Still much uncertainty about how PCPF may progress; as more data 
become available, we hope to gain more knowledge on this.

• There are currently no reliable data on the frequency and severity of PCPF 
may be related to difficulty diagnosing PCPF in current pandemic 
circumstances.

29Ambardar SR et al. J Clin Med 2021;10:2452



Minimizing the Risk Factors

• Shortening the length of stay in the intensive care unit

• Avoiding invasive mechanical ventilation support If possible, managing the 
case with low airway pressure in case of forced MV

• Proper management of concomitant diseases 

• Prevention of bacterial superinfections 

30



Treatment OPTIONS

• Available evidence

• Antivirals: 

– Remdesivir (the RNA polymerase inhibitor), an antiviral agent 
currently approved for clinical use in treatment of SARS-CoV-2

– Initial data have shown some promise in terms of symptom-
improvement and resolution of disease in select populations, but is 
thought to be of greatest benefit to patients early-on in their clinical 
course and in those with mild-moderate disease

31Beigel JH et al. N Engl J Med 2020;383:1813-1826

Rochwerg B et al. BMJ 2020;370:1m2924

=> However, since it is not known if early viral clearance is 
protective, the role of remdesivir for fibrosis is not certain



32Li et al. Front. Pharmacol. 12:692346.



Treatment OPTIONS

• Anti-inflammatory drugs: 

– The exaggerated inflammatory response that occurs in severe COVID-
19 infection has also been a target for various medications and 
therapies

– The use of immunosuppressive agents is presently recommended as 
part of the standard treatment for COVID-19 infection

– The RECOVERY trial has shown moderate-dose dexamethasone given 
for 10-days decreases the need for and the number of days on MV, 
reducing the risk of both immune-mediated and iatrogenic lung injury

33Horby P et al. N Engl J Med 2021;384:693-704

Ambardar SR et al. J Clin Med 2021;10:2452

=>  insufficient evidence for long-term use in the prevention of PC-ILD



Corticosteroid Treatment

• Single-center prospective 
observational study

• 837 pts were assessed by 
telephone 4 weeks after 
discharge 

• Ongoing symptoms had 
outpatient assessment at 6 
weeks. 

• 30 pts diagnosed with 
persistent interstitial lung 
changes at a multidisciplinary 
team

34Myall KJ et al. Ann Am Thorac Soc. 2021 May;18(5):799-806



35Myall KJ et al. Ann Am Thorac Soc. 2021 May;18(5):799-806

– A maximum initial dose: 0.5 mg/kg 
prednisolone

– The average starting dose: 26.6 mg 

– Rapid wean over 3 weeks



Treatment OPTIONS

• Antifibrotics: 

– Not enough data yet

– Lung involvement should be monitored for up to 3 months in the post- COVID 
period, and it should be kept in mind that there may be a possibility for regression

– If fibrosis still persists at the end of the 12th week, there is a rationale for the use 
of these agents in the treatment of PC-ILD

• Pulmonary rehabilitation: 

– Vital treatment approach that can also be applied at home

– Since PC-ILD may also cause hypoxemia, long-term use of oxygen and PR at home 
can help in recovery 

• Other supportive treatments: 

– Risk of other modifiable risk factors that are known to increase the risk of 
pulmonary fibrosis

– VLI can be reduced with adherence to lung-protective ventilation strategies, 
already proven to significantly reduce mortality in patients with ARDS

36Ambardar SR et al. J Clin Med 2021;10:2452



Antifibrotics

37George PM et al. Lancet Respir Med 2020;8: 807–15



Antifibrotics

38Vitiello A et al. SN Compr Clin Med. 2020 Aug 27;1-4



Antifibrotics

39Nalbandian A et al. Nat Med. 2021 Apr;27(4):601-615.



40Umemura Y et al. Int J Infec Diseases 2021; 108:454-460

Japan, RT-PCR positive, MV care
Case: Nintedanib therapy 150 mg via NG tube from D1 to liberation of MV



41Umemura Y et al. Int J Infec Diseases 2021; 108:454-460

Japan, RT-PCR positive, MV care
Case: Nintedanib therapy 150 mg via NG tube from D1 to liberation of MV



Pulmonary Embolism

• The cumulative in-hospital rate of 
acute PE in COVID-19 patients 
hospitalized in general wards : 1.6 ~
62.5%

• Pooled incidence of acute PE : 14.7% 
(95% CI: 9.9–21.3%,I2=95.0%)

42

• The cumulative in-hospital rate of 
acute PE in COVID-19 patients 
hospitalized in ICU: 4.2~75.0%

• Pooled incidence of acute PE : 23.4% 
(95% CI: 16.7–31.8%,I2=88.7%)

Roncon L et al. Eur J Int Med 2020; 82:29-37



Pulmonary Embolism

43Poyiadji N, et al. Radiology 2020; 297:E335–E338

US, March 16, 2020, to April 18, 2020,
COVID19 with Acute PTE (N=72,22%) VS COVID19 without Acute PTE (N=256,78%) 



Pulmonary Embolism

44Thrombosis Research 2021; 198:34-39

Italy, Retrospective multicenter study, 7 Italian Hospitals, PE: 32 cases (14%)



Pulmonary Embolism

45

After the acute phase of the disease, the state of hyper-coagulation may last 
for a long time, so long-term prophylaxis may be recommended in cases with 
severe disease => not clear yet.

Esendagli D et al. Turk J Med Sci 2021; 51: 3359-3371 



Pulmonary Embolism

• In cases with severe disease and accompanying pulmonary embolism, 
anticoagulation administration is required according to the 
recommendations by the specific guidelines. 

• Evaluate the patient for the development of pulmonary hypertension at 
the end of 12 weeks, and discontinue the treatment at the end of the 3rd 
month if PHT has not developed. 

• Measurement and follow-up of D-Dimer level, which is also an acute 
phase reactant and is not specific for COVID-19, for chronic embolism is 
controversial.

46
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Pneumothorax

48Chong WH et al. Heart & Lung 2021;50: 599-608 



Pneumothorax

• Incidence : low at 0.3% in hospitalized COVID-19 patients

– Increases to 12.8-23.8% in those requiring invasive MV (a high 
mortality rate up to 100%)

• The time to diagnosis: around 9.0-19.6 days from admission 

– 5.4 days after invasive MV initiation

• Associated with prolonged hospitalization, increased likelihood of ICU 
admission and death, especially among the elderly

• Tends to be unilateral and right-sided

• Age, pre-existing lung diseases, and active smoking status are not shown 
to be risk factors

49Chong WH et al. Heart & Lung 2021;50: 599-608 



Management

50George PM, et al. Thorax 2020;75:1009–1016.



Management

51George PM et al. Thorax 2020;75:1009–1016.



Other Complications
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Interdisciplinary Management

53Nalbandian A et al. Nat Med. 2021 Apr;27(4):601-615.



Take-home Messages

• Lung fibrosis: 
– Prevalence: 35~75%
– Risk factors: MV care, HTN, Age, Higher IL-6, CRP, D-dimer, lower 

lymphocyte, IFN-r, albumin
– Prognosis: Still much uncertainty
– Promising Tx: Antivirals, Anti-inflammatory drugs(steroids), Antifibrotics + 

rehabilitation, supportive care

• Pulmonary embolism:
– Pooled incidence of acute PE : Ward 14.7%, ICU 23.4%
– Risk factors: BMI >30kg/m2, D-dimer >6ug/ml, History of PE, increased 

sPAP
– Tx: Therapeutic anticoagulation

• Pneumothorax:
– Incidence: low at 0.3% in hospitalized COVID-19 pts, 12.8-23.8% in MV 
– Prolonged hospitalization, increased likelihood of ICU admission and death

54
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“Thank you for your attention.”


