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Post-COVID-19 infections and evolution of pulmonary and
cardiac lesions — the battle has just started
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Abstract

English:

Talking only about the acute phase of COVID-19 infection is not enough. A multitude of complications has arisen after viremia,
which has been generating problems for experts. Of these, lung and heart lesions remain important, and interventions, and their
prevalence pose real problems for practitioners. The authors analyze these post-COVID-19 complications as well as appropriate
recommendations for diagnostic and therapeutic interventions
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Infectii post-COVID-19 si evolutia leziunilor
pulmonare si cardiace — batalia abia incepe

Rezumat

Romanian:

A vorbi doar despre faza acuta a infectiei COVID 19 nu este suficient. Au aparut o multitudine de complicatii dupa viremie
generand probleme expertilor. Dintre acestea cele pulmonare si cardiace raméan importante, iar interventiile, ca si prevalenta
acestora, pun probleme reale practicienilor. Autorii analizeaza aceste complicatii post COVID dar si recomandarile adecvate de
interventii diagnostice si terapeutice.

Cuvinte-cheie

complicatii post COVID « leziuni pulmonare * leziuni cardiace

Introduction

Everyone including the authorities and specialists was
surprised by the evolution of pandemic COVID-19 infection.
The medical system has a lot of flaws and the authorities
are being ridden by problems induced by this coronavirus.
Many specialities are facing new challenges in many aspects
that are discovered in the front of coronavirus infection but
more and more challenging problems are now present in
post-COVID-19 infections. The number of people affected by
COVID-19 is unprecedented. According to the World Health
Organization, 80% of SARS-CoV-2 infections are mild, 14%
develop severe symptoms, and 6% will become critically ill
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(1). We are facing a variety of COVID-19 sequelae starting
from mild forms with unique symptoms such as fatigue and
body aches to lung fibrosis.

Lesson learned from other viral infections

If we are looking at previous lessons, it is possible that
ongoing active alveolitis during the host immune system
response to the SARS-CoV antigen might lead to pulmonary
fibrosis in some patients after recovery (Hui et al., 2005)
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(2). A total of 30% of people with SARS or Middle East
respiratory syndrome had persisting lung abnormalities
after their acute illness (3). The study of Zhang et al.(4)
consisting of a comprehensive 15-year follow-up on health
care workers who survived nosocomial SARS infections in
2003 indicates that, even in patients with early complete
resolution of chest CT abnormalities, pulmonary function
took several years to return to normal. All the researchers
are looking after similarities concerning episodes linked to
acute-phase coming from other different viral infections such
as H7N9 or SARS. Chen et al. (5) performed a 24-month
follow-up study on patients with epidemic influenza A (H7N9)
virus infection and they found some lesions on the 3-month
post-recovery chest CTs, such as linear fibrosis, focal
pleural thickening, and small bullous cyst formation. Some
pulmonary changes during the 6-month convalescence
period can be irreversible.

Pathogenic pathways for post-covid pulmonary
lesions

Post-covid fibrosis/acute respiratory distressed syndrome
is a common condition in Covid-19 affected patients, which
is sometimes irreversible; one explanation is that the
coronavirus causes chronic inflammation in epithelial injury
and fibroblast activation (6). The recovery rate to date has
reached 78%, and fatality rates are low (7); even so there are
still people prone to various other long-term symptoms after
recovery, which remains another concern for specialists.

The coronavirus causes the body to produce a long-lasting
immune response that actually attacks the body instead of
the virus, possibly explaining why some patients continue
to have a variety of symptoms long after they are clear of
infection. Post-COVID-19 syndromes could plausibly be
caused by long-lived autoantibodies that persist well after
the virus is cleared from the body, hypothesis sustained by
some researchers from Yale (8). In a study not yet peer-
reviewed, Akiko lwasaki, a professor of immunobiology
at Yale, along with other researchers from the same
university, found that coronavirus patients had high levels
of autoantibodies that targeted organs and tissue instead
of latching onto virus. Impaired diffusing capacity may
also partly be of vascular origin; SARS-CoV-1 and SARS-
CoV-2 share several deleterious mechanisms involved in
pulmonary vascular dysfunction (promoting endothelial
dysfunction, lung coagulopathy and microthrombi, and
hemodynamics impairments) and becoming risk factors
for persistent pulmonary vascular defects and subsequent
PH development, especially in patients with persistent lung
impairment post- COVID-19, and susceptible patients with
genetic predisposition or chronic lung and heart diseases (9).

Pulmonary and cardiac lesions in the post-acute
phase

The lung physician remains in the first line in the convalescent
phase. The lung is the most exposed organ not only at the
moment of infection but also after. Post-acute COVID-19
(‘long covid’) seems to be a multisystem disease, sometimes
occurring after a relatively mild acute illness (10). Up to 98.1%
of all chest CTs will show abnormalities at >28 days since
symptom onset (11). Some authors proposed the term post-
acute COVID-19 (3 weeks after the onset of first symptoms)
(10% of patients) (12) and the chronic COVID-19 (extension
over 12 weeks). It's a whole list of potential pulmonary
lesions postinfections and also more accumulated evidence
concerning early convalescent. Organizing pneumonia
and diffuse alveolar damage seem to be, by far, the most
common forms of lung injury associated with COVID-19, and
both evolve in a fairly predictable manner (13). Organizing
pneumonia can progress to pure consolidation or may present
the melted sugar sign (gradual resolution of consolidation and
turning into ground-glass opacities). Another possibility is to
develop consolidation to band-like opacities (parenchymal
bands) in the later stages of the disease and to complicate the
recovery phase (14). Evolution is binded to the patient’s age,
comorbidities, history of cigarette smoking, length of hospital
admission, and the severity of the acute disease (such as
the need for ICU admission) and the type of medications
administered (such as antiviral or corticosteroid therapy)
(15). Post-SARS fibrosis typically is not progressive, but
nonetheless can be severe and limiting with recovery if we are
looking to the SARS model in 1 year (15). This is important
because we need to differentiate this type of new lesions post-
COVID-19 from the consequences of acute exacerbations of
idiopathic pulmonary fibrosis in COVID-19 infections leading
to more than 50% mortality with a mean survival time of only
a few months (16). The frequently CT occurring abnormalities
are ground-glass opacities, which were found in 69.9% of the
patients, irregular lesions (54.4%), thickening of the broncho
vascular bundles (39.5%), grid form shadow and hydrothorax
(24.4% and 8.5% respectively of the individuals) (17).

Impaired diffusing capacity, lower respiratory muscle strength,
and lung imaging abnormalities were detected in more than
half of the COVID-19 patients in the early convalescence
phase (18). These abnormalities are also a marker of the
post COVID-19 echo because if the practitioner is comparing
severe patients with non-severe cases, they observed a
higher incidence of DLCO impairment (75.6% vs 42.5%,
P =0.019) (lung diffusing capacity for carbon monoxide), more
TLC (lung volumes) decrease and 6MWD (respiratory muscle
strength, 6-min walking distance) decline (18). Even after 30
days after discharge 54.5% had still CT residual abnormalities
(94.1% were severe cases vs 37.5% non-severe). There are
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similarities with SARS previous post epidemic data where
the most common abnormality to the survivors was the
impaired DLCO (15.5-43.6%) (19, 20) with the persistence
of abnormal values after 3 years. There was a low prevalence
of obstructive or restrictive functional impairment in SARS
patients (21). 30 days after discharge, in some samples the
researchers found decreased diffusion capacity for carbon
monoxide and diminished respiratory muscle strength in
53% patients and 49%, respectively even more after (18),
even more 3 months after discharge, 25% of patients still
kept decreased diffusion capacity for carbon monoxide (22).
In a pooled analysis of studies, other authors found that
complications commonly observed were impaired diffusing
capacity for carbon monoxide (DLCO) [the prevalence of
27.26%, 95% Cl 14.87-44.57] and reduced exercise capacity
[(6-minute walking distance (6MWD) mean 461 m, 95% CI
449.66-472.71] at 6 months with limited improvement beyond
6 months (23).

Post-COVID-19 fibrosis or post-ARDS fibrosis is one of
the potential complications. Whether there is any overlap
between the residual pulmonary consequences of COVID-19
pneumonia and non-specific interstitial pneumonia (NSIP) or
usual interstitial pneumonia (UIP) is not known yet. It might
be the viral infection itself, but it might also be the cytokine
storm that can follow infection, and it might even be related to
ventilation. Duration of disease is an important determinant
for lung fibrosis post-ARDS (4% of patients with a disease
duration of less than 1 week, 24% of patients with a disease
duration of between weeks 1 and 3, and 61% of patients
with a disease duration of greater than 3 weeks, developed
fibrosis) (24). Some authors defined also other risk factors
for post-COVID fibrosis, such as advanced age, increased
severity of diseases (comorbidities such as hypertension,
diabetes, and coronary artery diseases), prolonged ICU
stay and duration of mechanical ventilation, smoking status,
alcohol abuse and the type of medications administered
(such as antiviral or corticosteroid therapy) (25). The possible
mechanisms are: a cytokine release syndrome triggered
by the viral antigen, drug-induced pulmonary toxicity, high
airway pressure and hyperoxia-induced acute lung injury
secondary to mechanical ventilation (26). Other scientists
found other factors that determine persistent respiratory
impairment in survivors, in particular the use of antiviral
agents, systemic corticosteroids, other immunomodulating
or anti-inflammatory agents, advanced life support with
invasive or non-invasive ventilation or extracorporeal
membrane oxygenation (27). The level of D-dimer was an
important prognostic factor for abnormal DLCO and severity
of the disease. Patients who have marked raised D-dimer,
need pulmonary rehabilitation even in the absence of
severity respiratory (22).
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Long-term symptoms and expression in
post-COVID-19

Symptoms persisting after COVID 19 infections are also
important for the quality of life of all these people. In patients
who recovered 87.4% reported at least one symptom (very
frequently fatigability and dyspnea) but also joint and chest
pain and less other like cough, headache, lack of appetite and
myalgia. At 2 months only 12.6% were symptoms-free, 32%
had one or two symptoms, and 55% had three or more.
Quality of life worsened in 44.1% of the patients’ samples
(28). Not returning to usual health within 2-3 weeks of
testing was reported by other authors approximately to one-
third of respondents (29). Looking at other viral infection
consequences such as SARS (severe acute respiratory
syndromes) we can expect not only respiratory symptoms after
a long period of surveillance but also mental disturbances.
After SARS, a study made after 41.3 months founds that
over 40% of the respondents with active psychiatric ilinesses,
40.3% with chronic fatigue problem, and 27.1% met the
modified 1994 Centers for Disease Control and Prevention
criteria for chronic fatigue syndrome (30). The list of
symptoms is and remains very large in this whole pandemic
period. Symptoms such as cough, shortness of breath,
and nasal congestion prevail after the recovery in approx.
30% of the patients for longer durations (31, 32). There are
common relapsing or remitting symptoms such as cough,
low-grade fever, and fatigue (33, 34). Other possibilities are
shortness of breath, chest pain, headaches, neurocognitive
difficulties, muscle pains and weakness, gastrointestinal
upset, rashes, metabolic disruption (such as poor control
of diabetes), thromboembolic conditions, and depression
and other mental health conditions. If we are looking
only at symptoms there are some specific therapeutical
recommendations adapted to the type of symptoms (35):

— forcough, simple breathing control exercises and medication
where indicated (such as proton pump inhibitors if reflux is
suspected) (36)

— for breathlessness, pulse oximetry surveillance and breathing
exercises are useful (36). British Thoracic Society guidelines
are also defining the target range for oxygen saturation as 94—
98% and a level of 92% or below as requiring supplementary
oxygen (unless the patient is in chronic respiratory failure)
(37). Rehabilitation can be delivered by various virtual
models, including video linked classes and home education
booklets with additional telephone support (35)

— for fatigue, the Cochrane recommendations (34) are
graded exercises (with precocious and cut back if the
patient develops fever, breathlessness, severe fatigue, or
muscle aches (38).
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Chest pain (very evident in older people) another possible
symptom after COVID 19 must be analyzed carefully. The
clinical priority is to separate musculoskeletal and other
non-specific chest pain but also to exclude cardiovascular
sufferance like thromboembolism, ventricular dysfunction
after myocarditis, pericarditis.

For other neurological sequelae with symptoms such as
breathlessness, headaches, dizziness, and cognitive blunting
(‘brain fog’) until now the only recommendations are supportive
management and symptom monitoring in primary care (33).
Older people need more personalized assistance from the
multi-professional team (for example, general practitioner,
district nurse, social worker, rehabilitation teams, and
occupational therapists) because they have a high risk of
sarcopenia, malnutrition, depression, and delirium (39).

Cardiac long-term lesions in connection to
pulmonary sufferance

Cardiac involvement in these viral infections is also important.
A total of 35% of the patients who died of COVID-19 were
detected with the presence of the virus in the myocardium (40).
The survivors also suffered from cardiac diseases including
arrhythmias, myocardial infarction, sudden cardiac death
and systolic and diastolic functions (41). In a German cohort,
authors revealed cardiac involvement with cardiovascular
magnetic resonance in 78% of patients (after a median
time of 71 days from the diagnosis moment) and ongoing
myocardial inflammation in 60%, independent of preexisting
conditions, severity and overall course of the acute illness,
and time from the original diagnosis (42). Months after a
COVID-19 diagnosis, other possible cardiac complications
that arise are residual left ventricular dysfunction and ongoing
inflammation, both representing a nidus for new-onset heart
failure, cardiomyopathy and other future cardiovascular
complications (43). Patients with known cardiovascular
diseases (CVD) but without elevated troponins had a more
favourable outcome (44). In a long-term follow-up study in
patients who recovered from acute myocarditis (mean age
40.2 years), 6-8% developed heart failure, cardiomyopathy
and cardiac arrhythmias hospitalizations (45). Screening for
residual cardiac involvement in the convalescent phase is
needed and long term studies also to establish the population
burden of long-term cardiac disease contributed to by
COVID-19 (standard ECG and echocardiogram and possibly
a cardiac monitor 2-6 months post-recovery, MRI with
gadolinium enhancement, or echocardiographic strain when
initial testing or clinical examinations reveals abnormalities)
(46). Heightened systemic inflammatory and pro-coagulant
activity can persist long after resolution of the index infection.
We need future prospective studies to understand the

long-term impact of COVID-19, its connections with lung
lesions and to establish a future strategy for protecting these
patients from CVD.

Recommendations of investigations and therapy
post-COVID-19

The French Society of Pneumology (SPLF) proposed
an algorithm of surveillance of patients with pulmonary
complications post-COVID-19 (47). For all practitioners, it's
very important to judge correctly every step after the COVID-19
infection. If the patient has persistent dyspnea (47) 12 weeks
after the Day 0 of infection, with no obvious aetiology at the
end of the functional check-up proposed initially, it is important
to check for anaemia, thromboembolic disease, heart disease,
deconditioning, syndrome hyperventilation and diaphragmatic
pathology. The French society experts are proposing (47)
also a thoracic CT scan, thoracic and respiratory functional
testing, adding after exclusion of cardiac diseases a test
of effort with the completion of VO2max. All the guidelines
need to introduce early rehabilitation. For patients having
CT-scan abnormalities (extended or multifocal frosted glass
type, ‘new’ anomalies, such as nodules, condensations,
reticular design, and bronchiectasis) the proposals are a
bronchial endoscopy with broncho-alveolar lavage (LBA)
with a cytological purpose and microbiological analysis and
blood tests including the search for auto-immunity (anti-
nuclear antibodies, nucleus soluble anti-antigen antibodies,
rheumatoid factor, citrullinated cyclic anti-peptide and anti-
cytoplasm antibodies of neutrophils, etc.) (47). All these tests
should be conducted before the introduction of corticosteroid
therapy or antifibrotic therapy. It is also proposed by the
French experts to assess the respiratory functional impact
with plethysmography, DLCO, arterial blood gas and a
6-minute walking test. For cases where it is a progress of
radiological lesions, it is necessary to have a multidisciplinary
approach and oxygen therapy. For persisting symptoms such
as cough, it is important to eliminate the classic chronic cough
causes (ENT causes, gastroesophageal reflux disease,
iatrogenic cause, etc.) and to look for bronchial hyperreactivity
by a methacholine test and the proposal of treatment if the
patient had an obstructive respiratory disease is inhaling
corticoids plus/minus bronchodilator (47). At the same time
for a patient with SARS-CoV-2 infection and with ‘persistent’
CT abnormalities (extended or multifocal frosted glass type),
or ‘new (such as nodules, condensations, reticulations, with
or without traction bronchiectasis), and dyspnea and/or
cough and/or abnormalities less than a year from the start
of a SARS-CoV-2 infection, it is proposed to prescribe, after
multidisciplinary discussion, oral corticosteroid therapy (if
there are no contraindications and no active infection) (47).

131



Pneumologia

For organized fibrosis or pneumonia, corticosteroid therapy
in delayed forms of COVID-19, after the acute phase, is one
option in the event of persistence of the parenchymatous
opacities (starting with 0.5 mg/kg/day 1 month and diminishing
every month with 10 mg/day) (47). Anew CT scan and DLCO
control are recommended after 3 months. The effectiveness
of anti-fibrotic drugs in the context of persistent abnormalities
post-COVID-19 is not known at this moment. Studies are
running abundant in this period. The benefit of corticoids such
as dexamethasone in severe COVID-19 has recently been
established, but there are two additional problems if we are
looking to post-COVID-19 period:

1. This treatment did not improve acute outcomes among
patients with the milder disease (48).

2. The longer-term implications of steroids in the management
of COVID-19 have not yet been evaluated but widespread
use cannot be recommended due to the substantial
morbidity associated with these agents.

The possibility of shared mechanisms of fibrosis between
ARDS cases and chronic ILDs raises the potential that
therapies (pirfenidone and nintedanib) that treat ILDs could
also be beneficial to COVID-19 associated lung disease (49,
26). Guidelines published by the British Thoracic Society
are more simple (50). They recommend chest radiography
3 months after discharge for all patients admitted to the
hospital with COVID-19. For those with a history of moderate or
severe disease, with persisting symptoms or with radiological
abnormalities, the specialists require clinical review and
further investigation. An integrated multidisciplinary approach
involving doctors, physiotherapists, and psychotherapists is
likely to be needed in every moment after post-COVID-19
recovery.

Conclusions

Reliable treatment for the disease is yet to be discovered.
What we need to know for the next months or years is
how to manage and what therapy we need to choose for
preventing all these types of complications. Outpatient post—
COVID-19 clinics are opening in many countries where
large outbreaks have occurred, and the term ‘long-haulers’
has been suggested to refer to these patients (51). Multisite
and multinational projects organized by international and
interdisciplinary groups of researchers are needed because
a description from one group or one site cannot discern
between universal features and features of the local health
system or the local population. At the same time, we need
more research on connections between symptoms, patient
clinical data and the sequelae. It's necessary to see exactly
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which symptoms might be explained by the anxiety caused by
a new disease and by the isolation, and which symptoms are
secondary to a complicated form of COVID-19 (e.g. pulmonary
involvement during the acute disease). Concerning the
pathogeny, we have to find out if the mechanisms underlying
the long-term consequences are immunological or caused
by new or relapsing inflammation, ongoing infection, or side
effects of immunomodulatory treatment (52). All these long-
term pulmonary consequences of COVID-19 which remain
until now are speculative and should not be assumed without
appropriate prospective study (26).
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