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Foreword

The COVID-19 pandemic has severely affected the healthcare system across the
globe and caused significant morbidity and mortality. The occurrence and impor-
tance of post-COVID-19 sequelae was realized later in the pandemic when it was
noted that a sizable proportion of patients continued to suffer from various symp-
toms even weeks to months after recovering from the acute episode. Further, these
complications were observed in multiple organ systems and not just the respiratory
tract. The current understanding of these complications is limited by the sparse lit-
erature regarding the recognition, diagnosis, and treatment of various sequelae.
Moreover, multidisciplinary efforts are required to manage these patients as the
complications are variable in terms of location as well as severity.

In the above context, this book is a timely and important endeavor that deals with
all aspects of post-COVID complications, with emphasis on all relevant body sys-
tems, and their appropriate management. This book will help clinicians understand
the recognition of various post-covid sequelae and their management. This will also
be a useful reference source for academicians, researchers, and students to identify
research gaps that need further exploration.

I congratulate all the authors and editors for their dedication and hard work in
bringing out this comprehensive book on a contemporary and important topic.

Delhi, India Vinod Paul



Foreword

The COVID-19 pandemic has affected millions of individuals around the globe and
has overwhelmed the healthcare systems. Although lungs are the most commonly
affected by the SARS-CoV-2 virus, it is now known that this disease affects almost
all body systems, thus making its management even more challenging. Significant
morbidity and mortality have been caused not just by the acute manifestations, but
also by the long-term complications, what is now called as post-covid or long-covid.
While the acute manifestations have been studied better, we are still struggling to
recognize and treat the various post-covid manifestations seen after the initial infec-
tion. The research in this area is as yet limited, and most of the work has focused on
one or few organ systems only rather than on multisystem manifestations. A holistic
knowledge of various post-covid complications or sequelae is therefore essential for
general physicians, internists, and specialists alike. In this regard, this book is likely
to serve as a useful and timely reference tool as it summarizes the currently avail-
able evidence for post-COVID manifestations and provides a practical approach to
dealing with them. All the authors have tried to synthesize the text, which is easy to
read and can be applied to individual patient care. I appreciate the efforts of all the
authors and editors for their hard work and wish them success in further such
endeavors in the future.

Delhi, India Randeep Guleria

L3

vii



Foreword

It gives me immense pleasure to write the foreword for this book on post-COVID
complications. The COVID-19 pandemic started in late 2019 and continues to
wreak havoc globally, having caused huge loss of life and putting immense pressure
on health services. Although majority of infections recovered without sequelae, a
large number of patients reported delayed complications over the subsequent weeks
to months. Initially thought to affect only the respiratory system, gradually it became
evident that post-covid complications may affect several organ systems.
Unfortunately, the mechanism and clinical course of these complications is still not
properly understood, thereby hampering appropriate management.

With this background, a comprehensive coverage of various post-covid compli-
cations was definitely considered necessary, and this book provides detailed infor-
mation on these complications in multiple body systems and outlines a management
plan for them. This is surely going to be a reliable and scientific reference for all
healthcare professionals who deal with covid-related complications. I congratulate
all the authors and editors for their hard work and convey my best wishes for many
more future endeavors.

Delhi, India Balram Bhargava



Preface

Even after 2 years, the COVID-19 pandemic continues globally with a waxing-
waning course, already having caused considerable suffering and disease. Although
initially thought of as an ailment limited to the respiratory tract, it is clear that the
disease has a multisystem dimension. The extra-pulmonary manifestations have
often resulted in unpredictable and unexpected adverse outcomes, such as cardio-
vascular and thrombotic complications. As the experience with COVID-19 grows
and we have longer follow-ups of patients after initial infection, numerous long-
term sequelae have also been recognized affecting various organ systems to a vari-
able degree. While most of these sequelae are fortunately not life-threatening,
others, such as irreversible pulmonary fibrosis have caused significant morbidity
and mortality.

It is now evident that post-COVID sequelae are likely to be an important new
entity for medical professionals of all specialties. It is, therefore, essential that we
keep ourselves informed regarding the numerous long-term manifestations of
COVID-19. With this thought in mind, this book has been written to cover the vari-
ous complications affecting different organ systems following COVID-19. Our
attempt has been to cover all relevant systems and provides a comprehensive clini-
cal reference. The book is intended not only for internists but also for various spe-
cialties and sub-specialties who are likely to encounter COVID-19-related sequelae
in their area of expertise. In addition, this will be a valuable sourcebook for post-
graduates in various specialties. An attempt has been made to keep the text crisp but
up to date with the currently available knowledge. Adequate referencing has been
provided although the book is not meant to be an exhaustive source of references.

We gratefully acknowledge the support from the Springer (India) team and all
the eminent faculty who contributed chapters of their specialty. We hope this book
will benefit the readers and be enjoyed by them as much as we enjoyed bring-
1ng 1t out.

New Delhi, India Anant Mohan
New Delhi, India Saurabh Mittal
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COVID-19: An Overview

Harish Moorjani and S. K. Gupta

The coronavirus disease 2019 (COVID-19) is a viral infection caused by a novel
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which has
emerged as a global pandemic leading to a massive loss of human life worldwide
due to its high transmissibility.

1.1 Epidemiology

Epidemiology assumes a vital role during a pandemic. A quick analysis of data
regarding infection, hospitalizations, recoveries, and deaths helps frame policy and
guidelines. Model-based projections are useful guiding tools in the initial days or
weeks of a pandemic; however, real-world data assumes greater significance as the
pandemic evolves.

1.2 The Virus and Its Variants

At the beginning of the pandemic, a novel coronavirus was identified as the caus-
ative organism for a few cases of a particular type of pneumonia noticed in Wuhan,
China, in 2019. The disease soon spread in China, and later the contagion engulfed
the whole world to be declared a pandemic by WHO on March 11, 2020. In February
2020, the World Health Organization labeled the disease COVID-19, and the virus
causing the disease was named SARS-CoV-2 by the experts. The enveloped
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COVID-19

Fig. 1.1 Protein structure of SARS-CoV-2 (Image courtesy: Centers for Disease Control and
Prevention)

positive-stranded RNA virus enters the host cell through ACE-2 receptors by latch-
ing its spike proteins (Fig. 1.1).

SARS-CoV-2, like other RNA viruses including influenza, is prone to making
errors in its genetic code during replication, resulting in mutations. New mutations
can produce variants which have properties different from the original strain. When
any variant becomes more virulent, showing faster transmission or causing severe
disease overriding the existing immunity, it is called a variant of concern. The
SARS-CoV-2, within 2 months of its origin, mutated to a variant carrying the
D614G spike protein mutation, and the mutant was called G614. The G614 variant
had a fitness advantage and soon became the globally dominant form of SARS-
CoV-2. In the absence of any effective antiviral drug, the virus evolves to more viru-
lent forms. Notable changes in the virus have been named Alpha, Beta, Gamma, and
Delta variants by WHO in May 2021. Variants should not be confused with Alpha,
Beta, Gamma, and Delta families of coronavirus. All variants of SARS-CoV-2
belong to the Beta coronavirus family. The Alpha variant was detected in England
(Kent) as early as September 2020. It was 43-90% more transmissible than pre-
existing variants of SARS-CoV-2 [1]. The virus further mutated with significant
double mutation evolving into Delta variant. The P68 1R mutation in the Delta vari-
ant speeds up the spread of SARS-CoV-2 from cell to cell. It was first detected in
India in October 2020 and rapidly spread across the globe within the next few
months. Beta is the South African variant, and Gamma is the Brazilian variant. On
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November 24, 2021, a new variant of SARS-CoV-2, B.1.1.529, was reported to the
WHO. This new variant was first detected in specimens collected on November 11,
2021, in Botswana and on November 14, 2021, in South Africa. On November 26,
2021, the WHO named the B.1.1.529 Omicron.

As per WHO, more than 438 million cases and 5.96 million deaths have been
reported worldwide; however, the true incidence based on serosurveys is up to ten
times higher as a large number of cases remain underreported due to subclinical
infections, poor testing, and lack of reporting [2].

1.3 Infection

Having established a reservoir in humans, the disease spreads from person to person.
Respiratory droplets, expelled by the infected person on coughing, talking, or sneez-
ing and inhaled by subjects within close range of 2 m, remain the primary source of
spread. Direct contact of infected hands with mucus membranes in eyes, nose, and
mouth can also lead to infection. However, surface contact through fomites is no
longer considered an important source of transmission. On the other hand, airborne
transmission is now considered an important mode of transmission. Although viral
particles can be detected in body specimens such as semen, stool, tears, and blood,
transmission via these non-respiratory means remains uncertain [3].

The incubation period, defined as the time of exposure until the onset of symp-
toms, averages 4 to 5 days but could range between 2 and 14 days.

Individuals remain most infectious between 2 days before and 1 day after the
onset of symptoms; contagiousness declines within 7 days of onset of symptoms
irrespective of virus levels in the nose. Close contact for long durations increases the
risk of transmission, especially in immunity naive subjects. It can take a couple of
days after exposure to COVID-19 to become infected with the virus and for the
polymerase chain reaction (PCR) test to become positive. Hence, if the test is nega-
tive 24 h after exposure, the Centers for Disease Control and Prevention (CDC)
recommends a retesting 5 to 7 days later even if the individual is asymptomatic.
However, testing strategies continue to get updated depending on the disease burden.

1.4 Prevention

Preventive measures include: maintaining a physical distance of more than 2 m,
wearing an appropriate mask, frequent hand-washing, and using alcohol-based san-
itizers with at least 60% or 70% alcohol. Mass vaccination remains the key to pan-
demic control and disease eradication. Postexposure precautions include monitoring
for symptoms in quarantine for 10—14 days, especially for unvaccinated individuals.
Fully vaccinated/immunized individuals should be exempted from quarantine but
advised to get tested 3—5 days after exposure and wear a mask in public until the test
is negative, or for 14 days [4].
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1.5 Clinical Features

The clinical spectrum of SARS-CoV-2 infection ranges from asymptomatic infec-
tion to critical and fatal illness. Patients should be suspected of having COVID-19
when they present with compatible symptoms, or have had recent close contact with
a confirmed patient with COVID-19. The proportion of infections that remain
asymptomatic is unclear. In longitudinal studies, the follow-up to identify patients
testing positive who develop symptoms is sometimes not performed. Nevertheless,
seroprevalence studies suggest that up to 40% of infections are asymptomatic [5].
Most symptomatic infections are mild. However, severe disease (hypoxia and pneu-
monia) has been reported in 15 to 20% of symptomatic infections; these can occur
in patients of any age but usually occurs in adults with advanced age or in persons
with underlying medical comorbidities like diabetes, hypertension, chronic obstruc-
tive pulmonary disease (COPD), obesity, cardiac diseases, chronic kidney disease
(CKD), etc. In addition, some patients with initially mild symptoms may progress
to severe illness over the course of days.

Fever, cough, myalgia, and headache remain the most common symptoms.
Diarrhea, sore throat, and loss of smell and taste may be other common presenting
complaints [6, 7]. Seasonal viral infections, including flu and common cold, may
have a similar presentation. However, there are no pathognomic features that distin-
guish COVID-19 from other respiratory infections.

Asymptomatic individuals, who get tested following close contact with a patient
of COVID-19 or for some other reason, should be advised careful monitoring and
isolation. Patients with any signs and symptoms of COVID-19 (e.g., cough, fever,
sore throat, malaise, headache, body ache, diarrhea, loss of taste and smell) but who
maintain oxygen saturation > 94% on room air and do not have any evidence of
pneumonitis on chest imaging are classified as mild disease. These patients can be
monitored at home. On the other hand, individuals with mild disease but with
comorbidities such as diabetes, hypertension, coronary artery disease, chronic kid-
ney disease, or COPD and who are solid organ transplant recipients, are more than
65 years, or are on immunosuppressive therapy may require close in-hospital moni-
toring due to higher risk of progression to severe disease.

Patients showing any symptom of disease along with bilateral ground-glass
opacities/consolidation on X-ray chest or lung ultrasound, or hypoxia manifested by
SpO2 less than or equal to 94%, are labeled as having moderate disease and need
hospitalization. Individuals with SpO2 < 90%, requiring mechanical ventilation
with PaO2/FiO2 of 151-300 mm Hg, or respiratory rate > 30 breaths/min are clas-
sified as having severe disease and require ICU care.

1.6  Happy Hypoxiain COVID-19

Blood oxygen saturation (SpO2) for a healthy person remains in the range of 97 to
100% irrespective of age. Decline in SpO2 below 94% (or even earlier) leads to
symptoms such as fatigue, air hunger, respiratory discomfort, and breathlessness.
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Surprisingly, however, some patients with COVID-19 pneumonia do not demon-
strate these manifestations even at very low SpO2 and may appear very comfort-
able. This situation is termed as happy hypoxia. The SARS-CoV-2, on one hand,
causes hypoxic damage, while on the other, it blunts the body’s defense mechanism
to detect and repair the damage. Persistent hypoxia in COVID-19 may impair tissue
oxygenation and lead to multi-organ failure. Pulse oximetry is the only noninvasive
way to detect hypoxia both in home and hospital settings. Therefore, no patient
should be treated at home without a suitable pulse oximeter, even in remote areas.

Apart from the above clinical symptoms and signs, some laboratory parameters
such as lymphopenia, deranged NLR (neutrophil/lymphocyte ratio), elevated
D-dimer, and elevated inflammatory markers as C-reactive protein (CRP) and LDH
have been associated with severe COVID-19 and worse outcomes [8].

1.7 Complications

In patients with severe disease, development of hypoxemic respiratory failure lead-
ing to acute respiratory distress syndrome (ARDS) is the major complication. Other
complications include pulmonary thromboembolism, myocarditis, acute renal fail-
ure, and inflammatory complications. In addition, the multisystem inflammatory
syndrome can occur in children. About 40% of patients may have persistent symp-
toms following acute COVID-19 called “long COVID,” which remains the primary
focus of the subsequent chapters in this book.

1.8  Diagnosis of COVID-19

The possibility of COVID-19 should be considered in all patients with acute respi-
ratory symptoms with or without fever, especially in cases where no other etiology
can be identified. All symptomatic patients with suspected COVID-19 should
undergo testing for SARS-CoV-2.

1.8.1 Nucleic Acid Amplification Test (NAAT)

Nucleic acid amplification test (NAAT) with a reverse transcription-polymerase
chain reaction (RT-PCR) assay is the preferred diagnostic test to detect SARS-
CoV-2 RNA from the upper respiratory tract in patients with suspected COVID-19.

NAATs detect SARS-CoV-2 RNA in patient specimens and are highly specific.
Although these tests can detect very low levels of viral RNA, their sensitivity
depends on the type and quality of the specimen obtained, the duration of illness at
the time of testing, and the specific assay. However, a positive NAAT for SARS-
CoV-2 is confirmatory for the diagnosis of COVID-19. Conversely, false-negative
results may occur in 2 to 40% of patients. Therefore, in symptomatic individuals
with high suspicion for COVID-19, an initial negative NAAT result should be
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confirmed with a repeat test. In hospitalized patients with lower respiratory tract
disease, performing NAAT on lower respiratory tract specimens like BAL (bron-
choalveolar lavage) may yield better results.

Testing asymptomatic persons should include close contacts of a COVID-19
case, screening in long-term care facilities, shelters for the homeless, and in hospi-
talized patients in high-prevalence regions. Postexposure testing should be done 5
days after exposure, although the optimal timing is not established.

1.8.2 Rapid Antigen Test

Tests that detect SARS-CoV-2 antigen can be performed rapidly and at the point of
care. Rapid antigen tests (RAT) have around 56% sensitivity compared to 72% sen-
sitivity of RT-PCR-based tests [9].

However, antigen testing may be the initial test used in resource-poor settings.
They can be helpful in the rapid diagnosis of patients soon after the onset of symp-
toms. Antigen tests also find a place in serial screening for infection in congregate
settings. Rapid antigen test detects S gene, and since many mutants have a deletion
of S gene, these are not picked up by the rapid antigen test. On the other hand,
RT-PCR detects the ORF and N gene in addition to the S gene. Since antigen tests
have lower sensitivity than RT-PCR, a negative RAT should usually be confirmed
with RT-PCR.

1.8.3 Serologic Tests

Serologic tests are used to detect antibodies to SARS-CoV-2 in the blood in order to
help identify patients who previously had exposure to this virus. However, detect-
able antibodies generally take at least 2 weeks to develop; thus, serologic tests have
little utility for diagnosis in the acute care setting. In addition, serologic assays have
variable performance among various company kits. They also have poor positive
predictive value in low seroprevalence settings. In addition, serologic assay values
may not always correlate with immunity. Sometimes, serologic testing like anti-S
antibodies or anti-nucleocapsid antigen antibodies may be the only option left for
the diagnosis, especially in patients presenting with symptoms for at least 2 weeks.
However, serologic tests may not differentiate acute infection from past infection.
Results of serologic testing may also be affected by prior vaccination, while previ-
ous COVID-19 vaccination does not influence NAAT or antigen test results. Most
serologic tests target the nucleocapsid protein; only serologic tests for spike protein
can detect antibody response to currently available mRNA and vector-based vac-
cines, but they cannot distinguish a vaccine response from a prior infection.
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1.9 Management of COVID-19

The spectrum of COVID-19 disease ranges from asymptomatic infection to mild
flu-like symptoms to severe pneumonia with ARDS and multi-organ failure. So, our
understanding of COVID-19 disease as well as optimizing its management contin-
ues to evolve.

The management of adult patients with acute COVID-19 in the outpatient setting
(<12 weeks after onset of illness) includes early and appropriate risk stratification,
self-care advice, telehealth and clinic management, timely referral to the emergency
department (ED), and posthospital discharge care. The approach is guided by
increasing clinical experience in the rapidly evolving scenario of evidence-based
medicine. Therefore, clinicians should consider the individual patient’s clinical and
social circumstances to formulate a personal COVID-19 care plan.

The initial clinical evaluation includes assessment of risk factors for progressive
disease (see below), oxygenation status, severity of dyspnea, and the patient’s gen-
eral medical condition to determine whether intensive care is required or outpatient
care is sufficient.

The patients with the following symptoms/signs should be referred to the ED for
further management:

* Shortness of breath (at rest, and inability to speak complete sentences)

* Saturation on room air of <90%, regardless of the severity of dyspnea

* Mental status (confusion, change in behavior, drowsiness) or signs and symp-
toms of inadequate perfusion (hypotension, cyanosis, cardiac chest pain)

Patients can be managed at home without in-person evaluation if they are able to
maintain daily clinical contact, promptly report worsening symptoms, and self-
isolate for the duration of illness. Telemedicine follow-up depends upon their risk
for severe disease and the severity of symptoms.

During home isolation, patients should be provided clear instructions for self-
care. The use of paracetamol for fever control, antitussive remedies for relief of
cough, and adequate bed rest should be emphasized. For patients with early, symp-
tomatic COVID-19 and risk factors for progression to severe illness (Table 1.1),
treatment with monoclonal antibody infusion has been suggested, preferably within
7 to 10 days of symptom onset. Options available through emergency use authoriza-
tion include casirivimab-imdevimab, sotrovimab, and bamlanivimab-etesevimab
and may reduce the risk of progression to severe disease [10].

Several other therapies are being studied for the treatment of COVID-19, but
none have been proven in asymptomatic or mild disease and should be prescribed
only in a clinical trial setting. In nonhospitalized patients, the routine use of sys-
temic corticosteroids is not recommended. Patients with underlying respiratory con-
ditions, such as acute exacerbation of asthma or chronic obstructive pulmonary
disease (COPD), should receive steroids as indicated. Routine treatment with anti-
biotics is not indicated unless a bacterial superinfection is suspected or confirmed.



8 H. Moorjani and S. K. Gupta

Table 1.1 Risk factors for severe disease [11]

Cancer

Cerebrovascular disease

Children with certain underlying conditions (such as asthma, developmental delay, congenital
heart disease, and sickle cell disease)
Chronic kidney disease

COPD and other lung diseases (including interstitial lung disease, pulmonary fibrosis,
pulmonary hypertension, cystic fibrosis)

Diabetes mellitus

Down syndrome

Cardiac conditions (e.g., heart failure, coronary artery disease, cardiomyopathies)
HIV infection

Neurologic conditions, including dementia

Obesity (BMI >30 kg/m?2) and overweight (BMI 25 to 29 kg/m2)

Pregnancy

Smoking (current and former)

Sickle cell disease or thalassemia
Solid organ or blood stem cell transplantation
Substance use disorders

Use of corticosteroids or other immunosuppressive medications

It is advised against initiating anticoagulation or antiplatelet therapy in the outpa-
tient setting.

Symptoms of COVID-19 can mimic many other common conditions; hence a
broad differential diagnosis is important and should be investigated accordingly.
The patient’s existing medication regimen does not need to be adjusted. However,
use of nebulized medications is preferably avoided to avoid transmission to other
healthcare workers and patients. All patients are counseled on the warning symp-
toms that a clinician should promptly evaluate. All patients should be encouraged to
provide a current healthcare proxy and advance directives.

On follow-up, the patient’s respiratory status should be evaluated with the same
criteria as that used for initial triage. Most patients discharged from the inpatient
setting should have a follow-up visit within 2 days either by a teleconference or in-
person clinic visit. Temporary housing in structured residential care facilities may
be appropriate for some patients following their discharge from hospital.

1.10 Management of Hospitalized Adult Patients with Acute
CoVID-19

Indications for hospitalization and identification of patients who can be managed in
the outpatient setting have been outlined in the beginning of this section.

Evaluation—The evaluation of hospitalized patients with documented COVID-19
should include assessing for risk factors associated with severe illness and identify-
ing organ dysfunction or other comorbidities that could complicate therapy.



1 COVID-19: An Overview 9

e Thromboprophylaxis—COVID-19 has a known association with thromboem-
bolic complications; hence all patients hospitalized with moderate-severe dis-
ease should receive pharmacologic prophylaxis for venous thromboembolism as
per local guidelines. It is yet unclear whether patients should receive thrombo-
prophylaxis after discharge, and if so, for what duration? Decisions in this regard
should be made on a case-by-case basis, primarily depending on risk of subse-
quent thrombosis.

e Antipyretics—Acetaminophen is widely used for fever management in patients
with COVID-19. Guidelines do not recommend the use of nonsteroidal anti-
inflammatory drugs (NSAIDs). If NSAIDs are required, then the lowest effective
dose should be used. However, NSAIDs should not be discontinued in patients
who were already using them for other conditions [12].

e Continuing chronic medications—Patients who are on an ACE inhibitor or ARB,
should not stop their medication. Statins as well as aspirin may be continued in
hospitalized patients with COVID-19 who are already taking them unless there
is a specific concern of bleeding.

In patients with moderate disease, the care is primarily supportive, with close
monitoring for disease progression. Additionally, patients with mild to moderate
COVID-19 who are hospitalized for reasons other than COVID-19 may be evalu-
ated and considered for monoclonal antibody therapy based on appropriate eligibil-
ity criteria.

e Approach to severe disease—For patients with severe disease (O, satura-
tion < 94% on room air or need for oxygenation or ventilatory support),
COVID-19 therapy depends on the level of oxygen requirements and ordinal
scale [13].

e For hospitalized patients with hypoxemia who are not yet on oxygen, intrave-
nous remdesivir may be used. However, steroid use in these patients is
discouraged.

e For hospitalized patients who are on low-flow supplemental oxygen, it is recom-
mended to use low-dose steroids (dexamethasone/methylprednisolone) and IV
remdesivir for 5 days. In patients with significantly elevated inflammatory mark-
ers and increasing oxygen requirements despite steroids, either baricitinib or
tocilizumab may be added on a case-by-case basis.

e For hospitalized patients on high-flow supplemental oxygen or noninvasive ven-
tilation, low-dose dexamethasone should be used. For those who are admitted to
an intensive care unit (ICU), either baricitinib or tocilizumab may be used in
addition to steroids. The use of IV remdesivir may be extended to 10 days in
such cases.

In hospitalized patients with severe disease who require mechanical ventilation
or extracorporeal membrane oxygenation, low-dose steroids are recommended.
Tocilizumab may be added especially in situations progressing to “cytokine storm.”
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The use of other off-label drugs/therapies for the treatment of COVID-19 for
hospitalized patients such as hydroxychloroquine, chloroquine, lopinavir-ritonavir,
ivermectin, or convalescent plasma is not currently recommended.

1.11 Prognosis of Severe Disease

The mortality from COVID-19 appears driven primarily by the presence of severe
ARDS. Several retrospective studies have reported variable mortality from
COVID-19-related acute respiratory distress syndrome (ARDS), from 12 to 78%,
with an average of 25 to 50%.

Mortality may be on the higher end of this range in resource-limited settings.
Reducing mortality may reflect a younger patient population with a lower comor-
bidity burden during the subsequent surge, reduced burden on institutions, and/or
growing expertise with COVID-19 care.

Prolonged symptoms are common during recovery from critical illness due to
COVID-19, and many patients suffer from post-acute COVID-19 syndrome (PACS)
[14]. In our experience, the rate of long-term complications in critically ill patients
with COVID-19 may be higher than usual due to the prolonged nature of intubation
and higher use of neuromuscular blockade and sedatives, with or without concur-
rent glucocorticoid administration. Long-term sequelae that can be seen in patients
with COVID-19 and evaluation for and management of PACS are discussed
separately.
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Pulmonary Sequelae of COVID-19 2

Zubair Hasan, Abhinav Agrawal, and Mangala Narasimhan

2.1 Introduction

COVID-19 has affected over 280 million people globally, with over 240 million
survivors. While the acute effects of COVID-19 are well understood, we are just
beginning to understand the long-term effects of COVID-19, particularly as they
relate to lung function and recovery. Persistent symptoms have been described as
the post-acute sequelae of COVID-19 (PASC) and include short-term and long-term
sequelae. Post-COVID-19 conditions can occur in patients who have had varying
severity of illness during their acute infection. These include people who have had
mild or even asymptomatic infections [1]. Post-COVID-19 conditions are referred
to by a wide range of names, including long COVID, post-acute COVID-19, long-
term effects of COVID-19, post-acute COVID syndrome, chronic COVID, long-
haul COVID, and late sequelae, among others. Although standardized case
definitions are still being developed, post-COVID-19 conditions can be considered
a lack of return to a usual state of health following acute COVID-19 illness. The
time frame for a post-COVID-19 condition is generally considered as 2—4 weeks
following acute COVID-19 infection with incomplete resolution of symptoms or
the emergence of new symptoms. Post-acute COVID-19 can be a multisystem con-
dition. Around 10-35% of patients who have acute COVID-19 infection go on to
develop long COVID symptoms [2]. The most common non-resolving symptoms
are dyspnea, fatigue, malaise, cognitive impairment, cough, chest pain, palpitations,
arthralgias, diarrhea, sleep difficulties, fever, light-headedness, continued anosmia,
and mood changes. For hospitalized patients, the incidence of the post-COVID-19
syndrome may reach as high as 85% [2]. Post-COVID-19 sequelae can be highly
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debilitating and seriously impact occupational and social activities. It also will add
significantly to the healthcare burden in addition to its consequences on men-
tal health.

2.2 Pathophysiology

There are several proposed mechanisms for long COVID. One theory proposes that
SARS-CoV-2 viral persistence in the body contributes to immune activation and
long COVID symptoms. The evidence for this is an increased level of inflammatory
biomarkers such as C-reactive protein (CRP), interleukin-6 (IL-6), and D-dimer in
patients with long COVID [3]. Another proposed mechanism suggests that cell dys-
function promotes long COVID pathophysiology similar to an autoimmune disor-
der [4]. There have been autopsy reports of infiltrates in the lungs and other organs
that are CD8+ T cell-enriched, which would be evidence of an ongoing autoimmune
reaction [5]. There is also evidence that severe COVID-19 causes lymphopenia with
both B and T cell deficiency. This causes hyperinflammation as T cells participate
in inflammation resolution. Serum samples from COVID-19 patients show an
increased incidence of antiphospholipid autoantibodies which is associated with
more severe clinical outcomes [6]. However, it is still not completely clear which of
these mechanisms is dominant, or whether combinations of mechanisms cause
long COVID.

2.3 Respiratory Clinical Features of Post-Acute Sequelae
of COVID-19

Patients with acute COVID-19 are expected to have symptoms for up to 4 weeks
following an initial illness. Those patients with ongoing symptoms beyond 2 months
after their initial COVID-19 illness are considered to have post-acute sequelae of
SARS-CoV-2, otherwise known as long COVID [7]. These symptoms vary widely
and can include neurocognitive and physical symptoms, many of them respiratory
in nature. Based on several published reports, the table below shows the approxi-
mate proportion of clinical respiratory symptoms of long COVID. However, this
information is evolving as new data emerges (Table 2.1).

Table 2.1 Percentage of patients with respiratory clinical features of long COVID

Long COVID respiratory symptom Percentage of patients affected
Dyspnea 16 to 66% [8-12]

Chest discomfort 8 t0 44% [9-12]

Cough 7 to 34% [10-12]

Fatigue 31 to 72% [8-12]

Throat pain 3% [10]

Sputum production 3% [10]
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24 Radiological Abnormalities

Many reports have found radiological evidence of lung fibrosis that can last up to
6 months after initial hospital discharge from COVID-19 pneumonia [13, 14]. In a
3-month follow-up study of COVID-19 survivors, pulmonary radiological abnor-
malities were detected in 71% of patients, and functional impairments were detected
in 25% of participants. Only 10% of patients in this study had severe pneumonia
when diagnosed initially with COVID-19 [15]. Another study observed reduced
lung diffusion capacity that correlated with radiological abnormalities in 42% of
COVID-19 survivors at 3 months posthospital discharge, regardless of initial dis-
ease severity [16]. Even 6 months after symptom onset, lung radiological abnor-
malities associated with persistent symptoms were still present in about half of
COVID-19 survivors [17]. There is evidence of chronic scar formation in the lungs
that may be responsible for persistent dyspnea and cough. This scarring may not
always be visible on a CT scan but indirectly suggested by a reduction in diffusion
capacity [18]. In addition, another study of COVID-19 survivors with persistent
symptoms after 4 weeks showed persistent inflammation via increased FDG uptake
in the bone marrow and blood vessels [19].

2.5 Pulmonary Function Testing

While the COVID-19 pandemic is still ongoing and long-term data is limited,
there is some prior experience in similar diseases for clinicians to better under-
stand what to expect with post-COVID-19 patients, especially those who develop
acute respiratory distress syndrome (ARDS). Patients who develop ARDS are
known to have long-term pulmonary sequelae. In a study of 78 patients with
ARDS, 80% had persistent reduction in DL¢ on pulmonary function tests (PFTs)
1 year post-hospitalization [20]. Twenty percent had a restrictive lung disease pat-
tern, and 20% had obstructive lung disease patterns, although most of these
patients were smokers at the time of their infection [14]. This held true regardless
of the ventilation strategy the patient underwent during their ARDS, either low or
high tidal volume ventilation. This is particularly relevant to COVID-19 patients
given the heterogeneity in lung compliance and ventilation strategies [21]. In
addition to PFT abnormalities, patients are known to have abnormalities on imag-
ing that persist even | year post-ARDS, particularly related to signs of pulmonary
fibrosis [14] (Fig. 2.1).

The influenza A (HIN1 subtype) pandemic in 2009 gives us some guidance on
what we may come to expect with patients recovering from COVID-19. During the
HINI1 pandemic, the US Centers for Disease Control and Prevention (CDC) esti-
mated that there were over 60 million cases in the United States, of which over
270,000 were hospitalized and over 12,000 died. Patients with HIN1 typically
developed pneumonia-like symptoms of hypoxemia, with many developing
ARDS. In a study of nine patients with HIN1-related ARDS, six had at least a mild
reduction in FEV1, and five of the nine had at least a mild reduction of FVC 1 month



16 Z.Hasan et al.

Fig. 2.1 CT chest features
of post-covid pulmonary
abnormalities. This CT
shows traction
bronchiectasis (blue arrow)
and reticular markings (red
arrow) in a background of
ground glass opacities
(green arrow)

after discharge from their hospitalization [22]. At 6 months post-discharge, all
patients had normalized FEV1, and most had normalized FVC. Total lung capacity
(TLC) was reduced in six patients at 1 month, with only two patients regaining
normal TLC by 6 months. DLCO was low in seven of nine patients at 1 month and
remained persistently low in four of the nine patients at 6 months. Almost all patients
had reduced six-minute walk distances (60MWD) based on their predicted values at
1 month post-discharge, with improvement to normal at 3 months. Of note, all these
patients were enrolled in pulmonary rehabilitation programs. This study, therefore,
showed that all patients with HIN1-related ARDS developed some pulmonary func-
tion abnormalities. While most of them had largely recovered, some continued to
have persistent abnormalities, especially reduced diffusion even at 6 months
post-discharge.

Patients with mild influenza developed longer-term PFT abnormalities as well.
In another study of 48 patients with mild HIN1, 33% had a persistent reduction in
DLCO 1 year post-discharge, along with 33% with evidence of small airway dis-
ease, as evidenced by decreased forced expiratory flow at 50% and 75% of forced
vital capacity [23]. Many patients had evidence of restrictive lung disease that per-
sisted for 1 year post-discharge, though whether this was merely due to unmasking
of underlying lung disease pre-HINI is unclear as most of these patients did not
have a prior spirometry.

Another correlate for the current pandemic is based on the literature from the
severe acute respiratory syndrome (SARS) pandemic in 2003, which was also
caused by a coronavirus. One study found that one-third of SARS survivors had
impairments in pulmonary function 1 year post-discharge, with the most common
abnormalities seen in the FEV1 and DLCO [24]. There was no significant differ-
ence between patients with varying disease severity 1 year post-discharge,
although the patients with decreased DLCO were more likely to have fibrosis on
imaging.
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In summary, previous literature has shown that patients who become hospitalized
with ARDS are known to have abnormal pulmonary function tests up to 1 year post-
discharge, marked by restrictive lung disease patterns and reduced DLCO. Some
patients who had HINT or SARS had abnormal PFTs at least 1 year post-discharge,
though the improvement was noted in those who underwent pulmonary rehabilita-
tion. This is critical to understand as it informs our ongoing management of patients
with post-acute sequelae of COVID-19.

2.6  Current Understanding of Lung Function Tests
in Patients with COVID-19

While PFTs are integral to objectively determine the actual effect of COVID-19 on
the lungs, given the concern of how the virus is transmitted, pulmonary function
laboratories have been cautious about restarting testing. Many of the patients from
early in the COVID-19 pandemic are just starting to have meaningful pulmonary
function follow-up almost 2 years after their initial diagnoses. As a result, we are
just starting to understand the longer-term implications of COVID-19 infection on
pulmonary function.

Of patients admitted early in the pandemic, many now display restrictive patterns
of lung disease like other viral pneumonia and ARDS patients in the past. In an
Italian study of patients with COVID-19 early in the pandemic, FEV1 and FVC
were all lower than their lower limit of normal values and only started to improve
after 6 weeks post-discharge [25]. However, these were patients that were sick
enough to require hospital admission, and results were available based on a short-
term follow-up only. The restrictive pattern seen on these PFTs mirrors the pattern
seen after long-term follow-up of past respiratory diseases like influenza and SARS.

It is less clear if the severity of the initial COVID-19 illness has a bearing on
pulmonary function over a long period of time. Most studies to date have broken
down COVID-19 disease by those with mild symptoms (no clinical pneumonia),
moderate disease (clinical pneumonia but no significant hypoxemia), and severe
disease (RR > 30, SpO2 < 94% on room air). In a study of 57 patients, of which 70%
had non-severe COVID-19 and completed PFTs at least 2 weeks post-discharge, the
group means for FEV1, FVC, and FEV1/FVC ratio were within normal limits, with
no statistically significant difference between disease severity in these parameters
[26]. However, many patients had abnormal values in each of these domains.
Patients with severe disease did have a more significant decline in total lung capac-
ity compared to non-severe disease. About 52.6% had abnormal diffusion capacity,
with a higher impairment rate in patients with severe disease. Similarly, patients
with severe disease had a significantly shorter 6 MWD than those with non-severe
disease, both in absolute distance and % predicted, with severe cases achieving 88%
predicted 6MWD. While none of the patients in the study had a chronic respiratory
disease, over a third had a prior medical illness, including hypertension, and nine
patients had a smoking history, all of which may play a role in their persistent PFT
abnormalities [20].
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A larger systematic review including 380 patients post-COVID-19 showed that
15% of patients had a restrictive pattern on spirometry, 7% had an obstructive pat-
tern, and 39% had impaired DLCO [27]. The prevalence of impaired DLCO was
greatest in those with severe COVID-19. However, some patients had pulmonary
function testing done 1 month after the onset of symptoms or 1 to 3 months post-
discharge, which may skew the results, as some of the abnormalities may just be due
to the acute phase of the disease. This mirrors another systematic review of 57 stud-
ies, including over 250,000 survivors of COVID-19 who were assessed for PASC at
least 1 month after COVID-19 infection [28]. In this review, 65% of patients had
increased oxygen requirements, 30.3% had diffusion abnormalities, and 10% had
restrictive lung disease on spirometry.

Patients with pulmonary function test abnormalities after COVID-19 are also
more likely to have radiographic abnormalities that persist months after their initial
diagnosis. As many as 55% of patients in one study had some radiographic abnor-
mality after a mean follow-up of approximately 12 weeks after their COVID-19
diagnosis [29]. Of this group, 85% had ground-glass opacities, and 65% had reticu-
lation on imaging, suggesting developing fibrosis from the profound inflammatory
response from ARDS due to COVID-19.

Together, these studies suggest that patients with COVID-19 are likely to develop
at least short-term pulmonary function test abnormalities showing restrictive lung
disease and impaired diffusion, with a smaller subset developing obstructive lung
disease. Most patients with mild and moderate COVID-19 disease will recover
some degree of their FEV1, FVC, and TLC, though as disease severity worsens,
patients are more likely to have persistent impairments in DLCO. Further long-term
data is needed to assess the long-term effect of COVID-19 on pulmonary function
truly. In addition, the impact of pulmonary rehabilitation on improving lung func-
tion akin to its effect on other viral syndrome-associated ARDS also needs to be
studied.

2.7 Illustrative Case

A 55-year-old smoker male had required hospitalization and supplemental oxygen
due to severe COVID-19 pneumonia. His CT thorax done 2 months following dis-
charge demonstrates bilateral peripheral linear opacities and ground-glass opacities
(Fig. 2.2). His pulmonary function testing was done 3 months post-COVID-19
infection and was suggestive of restrictive lung disease with a decreased FEV1
compared to the lower limit of normal (LLN) and decreased diffusion capacity
(DLCO) (Figs. 2.3 and 2.4).
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Fig. 2.2 CT chest of
illustrative case. This CT
shows peripheral linear
opacities (blue arrow) and
ground glass opacities
(green arrow)
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Fig. 2.4 Diffusion capacity and lung volume measurements of illustrative case
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2.8 Management of Post-COVID-19 Respiratory Sequelae

Patients who recover from the acute phase of COVID-19 may continue to have signs
and symptoms of disease that persist at least 2 months after their initial illness, at
which point they would be diagnosed with post-acute sequelae of COVID-19, or
long COVID [30]. These symptoms are usually persistent cough, sore throat,
fatigue, “brain fog,” and dyspnea. Patients with chronic cough often seek antitussive
therapies, but it is unknown whether these are effective in post-COVID-19 cough.
In the clinical management of post-COVID-19 chronic cough, it is important to
exclude any pathological or structural causes such as fibrotic damage to the lung
parenchyma or damage to the airway caused by the acute illness and its treatment
(e.g., endotracheal intubation-related complications). The classic evaluation for
chronic cough should also be performed to exclude conditions such as gastroesoph-
ageal reflux disease, ACE inhibitor-induced cough, lung fibrosis, or airway inflam-
mation [31]. A persistent cough in post-COVID-19 syndrome may be driven by
neuroinflammation leading to a state of laryngeal and cough hypersensitivity.
Gabapentin and pregabalin, which are neuromodulators, have been shown to be
effective in controlling chronic refractory cough [32]. Inhaled steroids have been
studied for a chronic cough from COVID-19, and have not been shown to be effec-
tive [33]. Management of cognitive impairment and fatigue is currently under evalu-
ation and not yet established. The dyspnea needs a full work-up to evaluate for
fibrosis, pulmonary embolism, and other classic causes of dyspnea. With research
still ongoing, it is anticipated to have more clarity on effective symptom-based ther-
apies in the future.

There is no universal consensus on how these patients with long COVID should
be evaluated, but some societies have proposed guidelines. The British Thoracic
Society recommends that patients with mild COVID-19 who are still symptomatic
be followed up at 3 months for a clinical assessment and with a chest X-ray, with
further work-up, such as PFTs, 6-minute walk tests, and echocardiograms based on
clinical judgment [30]. Others suggest getting a chest X-ray, PFTs, and 6-minute
walk tests at their initial visit to establish a baseline and then repeating them at three
monthly intervals [34]. There is no consensus on the optimum timing for obtaining
chest computed tomography (chest CT), though some suggest that it be done in
patients with long COVID symptoms at their initial visit and then 6 and 12 months
afterward.

Some patients develop ground-glass opacities (GGO) with subpleural and peri-
bronchial consolidations suggestive of organizing pneumonia after having had
COVID-19. Corticosteroids are the mainstay of treatment for organizing pneumo-
nia. In a study of patients with persistent interstitial lung changes treated with ste-
roids, many suggestive of organizing pneumonia, the vast majority had improvement
in their dyspnea scores, FVC, DLCO, and 6MWT, as well as improvement in their
radiographic abnormalities [35]. All patients had presumably cleared their virus
based on the timeline of infection. This suggests that in patients with abnormal
PFTs with persistent radiographic changes of ground-glass opacities or consolida-
tions post-COVID-19 but no fibrosis or active infection, corticosteroids may be
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beneficial for improvement in dyspnea, PFT, and radiographic abnormalities.
However, the optimum dose of steroids is not yet standardized. In one observational
study of patients with persistent interstitial lung disease (predominantly organizing
pneumonia at least 6 weeks after COVID-19 infection), patients received corticoste-
roids up to a maximum dose of 0.5 mg/kg of prednisolone and were tapered over
3 weeks. This led to an improvement in their functional status, as well as lung func-
tion based on PFTs [35]. Another open-label randomized trial of COVID-19 patients
with persistent dyspnea, hypoxemia, or radiological abnormalities at least 3 weeks
post-COVID-19 illness compared high-dose (prednisolone 40 mg/day tapered over
6 weeks) versus prednisolone 10 mg daily for 6 weeks [36]. Both groups benefited
from corticosteroid treatment and demonstrated an improvement in radiological
findings, spirometry, and dyspnea at 6 weeks. Most importantly, there was no sig-
nificant difference in outcomes between the two groups, suggesting that even low-
dose corticosteroids may benefit many patients [34].

It is also not clear how to manage patients with obvious fibrotic changes post-
COVID-19. After the SARS outbreak in 2003, many patients developed pulmonary
fibrosis on CT, with one study showing that 15/24 patients had fibrosis on CT scan
at mean follow-up of 37 days post-discharge, with patients requiring ICU being
more likely to develop fibrosis [37]. There are many postulated reasons as to why
patients with ARDS develop pulmonary fibrosis, starting with the inflammatory
phase of ARDS and its progression into the fibrotic phase. These include the dys-
regulated release of matrix metalloproteinases leading to fibroproliferation and vas-
cular dysfunction leading to fibrosis, possibly due to VEGF, and cytokines such as
IL-6 and TNF-a [38].

Since the cascade of events eventually leading to fibrosis starts very early on in
ARDS, the role for anti-fibrotic therapies early in COVID-19-related ARDS has
been considered and evaluated. Nintedanib can reduce bronchoalveolar lavage con-
centrations of IL-1, a known player in the pathogenesis of idiopathic pulmonary
fibrosis, and pirfenidone reduces serum and lung IL-6 concentrations in mouse
models of pulmonary fibrosis [26]. However, this is just a biological rationale for
the novel treatment of COVID-19. Based on current evidence, it is still unclear if
anti-fibrotic agents have any definite role preventing further fibrosis in patients who
have recovered from their acute COVID-19 illness. In the INBUILD trial of ninte-
danib in patients with progressive pulmonary fibrosis due to various disorders, those
who received nintedanib had a reduction in FVC decline and therefore benefited
from treatment [35]. Given that some patients with progressive fibrotic lung dis-
eases and even patients with COVID-19 have immune dysregulation as a shared
pathogenetic mechanism, it has been hoped that early anti-fibrotic therapy may pre-
vent or retard the development of COVID-19-associated fibrosis. As of now, how-
ever, there are no published long-term studies of these anti-fibrotic agents in
post-COVID-19 respiratory syndromes, although several trials are ongoing.

Lastly, many patients with persistent dyspnea and impaired lung function post-
COVID-19 may benefit from pulmonary rehabilitation. In 1 observational cohort
study, 50 patients with mild to severe COVID-19 and reduced 6MWD and impaired
FVC at least 3 months after their initial diagnosis were enrolled in pulmonary
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rehabilitation. After 3 weeks of pulmonary rehabilitation, all patients demonstrated
an improvement in their FVC and 6MWD, with patients with mild COVID-19 gain-
ing a median of 48 meters and those with severe COVID-19 gaining 124 meters
[39]. This implies that pulmonary rehabilitation should be an essential part of ther-
apy for patients with respiratory post-acute sequelae of COVID-19.

2.9 Conclusion

Post-COVID-19 sequelae can have a serious impact on the ability to return to nor-
mal functional status. There can be significant economic and mental health conse-
quences for the person with the illness, their families, and the communities they live
in. Thus, a multidisciplinary and multispecialty approach is required for a holistic
management of these patients. Some treatment algorithms include steroid therapy
and pulmonary rehabilitation, and interval pulmonary testing. Educational materials
to alert patients of symptoms and seek help post-acute infection should also be dis-
tributed. Another important aspect is the development of patient registries to support
research efforts to understand and treat post-acute COVID-19 sequelae. As a pulmo-
nary community, it seems that we will be dealing with post-COVID-19 syndromes
for a long time.
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Role of Imaging in Post-COVID-19 3
Complications

Ashu Seith Bhalla, Priyanka Naranje, and Abhishek Jayant

As the COVID-19 pandemic continues to rage across the world with a waxing and
waning course, the number of patients with long COVID (more than 4 weeks) and
post-COVID-19 (more than 12 weeks) conditions continues to grow. Since the lung
is the dominantly affected organ, the majority of the symptomatic sequelae also
pertain to the respiratory system. Among others, pulmonary fibrosis is recognized as
an important type of post-acute sequelae of COVID-19 (PASC) [1, 2].

As imaging is a primary part of the initial diagnosis of COVID-19 pneumonia, it
remains a key component of follow-up assessment, particularly in those patients
with moderate or severe disease. This chapter focuses on the imaging of patients
with suspected post-COVID-19 pulmonary sequelae.

3.1 Imaging Modalities

The primary imaging modalities for evaluation of post-COVID-19 patients include
chest radiograph, computed tomography (CT) of the thorax, and CT pulmonary
angiogram. Ultrasound of the lung has also been used to assess patients for post-
COVID-19 sequelae; however, its utility is not yet clearly defined. The British
Thoracic Society has published guidance about the respiratory follow-up of patients
with COVID-19 pneumonia [3]. The recommendations divided patients into two
groups: those with a severe disease with or without ICU admissions and those with
mild to moderate disease managed in the ward or community. In both situations, the
first follow-up imaging is recommended at 12 weeks and is a chest radiograph/chest
X-ray (CXR). Subsequent decision to do a computed tomogram (CT) and the type
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Fig. 3.1 Modified algorithm for follow-up of patients of COVID-19 pneumonia

of CT (high-resolution CT [HRCT] or CT pulmonary angiography [CTPA]) is
based on CXR findings and initial disease severity or presence of persistent respira-
tory symptoms. Based on these guidelines, a suggested algorithm for follow-up of
patients with COVID-19 pneumonia is given in Fig. 3.1, and an illustrative case is
shown in Fig. 3.2.

However, there is an ongoing debate whether CXRs should be performed at all,
and several authors recommend performing CT scans as the initial imaging modal-
ity, as CXR may miss or underestimate pulmonary changes [1]. A reasonable
approach would be to perform a CT scan in those with persistent breathlessness,
even if CXR is normal. If patients are started on therapy using steroids or antifibrot-
ics, CXRs are helpful as detailed above for initial screening and intermittent follow-
up, particularly in those with minimal/mild symptoms. However, CT thorax is
needed for detailed response evaluation.
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Fig.3.2 Evolution of imaging findings on CT over time in COVID-19 pneumonia

3.2 Imaging Findings

Based on the stages of COVID-19 pneumonia, its initial severity, and time elapsed
since the initial infection, various combinations of imaging findings of ground-glass
opacities (GGOs), consolidations, reticular opacities, and bronchial dilatation are
seen. Literature is now available on serial imaging findings in patients following
COVID-19 pneumonia. Collating these findings, the evolution of changes is better
understood (Fig. 3.3) [4, 5]. Further, a recent proposition paper elucidates the glos-
sary of terms to be employed while reporting post-COVID-19 imaging studies [6].

3.2.1 Ground-Glass Opacity (GGO)

Ground-glass opacities (GGOs) are the signature of COVID-19 pneumonia in the
acute phase. In general, the presence of GGOs on imaging can be the consequence
of several pathophysiologic phenomena such as alveolar filling, interstitial edema,
or mosaic perfusion. When superimposed with septal thickening, or bronchial dila-
tation, it could represent an area of early fibrosis.

In the context of COVID-19 pneumonia, as pneumonia resolves, the density of
the GGO reduces, resulting in low-density GGO. Occasionally the reduction in
GGO density may be accompanied by a paradoxical increase in the area involved;
this may be misinterpreted as deterioration and is referred to as a “tinted sign” [6]
(Fig. 3.4).

3.2.2 Consolidation
Consolidation can be seen in acute COVID-19 pneumonia, particularly in moderate

and severe disease. In severe disease, the diffuse alveolar damage/ARDS develop-
ment is associated with extensive bilateral consolidations, particularly in the lower
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Fig. 3.3 Follow-up CT scans of a 56-year-old male with COVID-19 pneumonia. CT done in the
first week of illness shows multifocal subpleural areas of organizing pneumonia (arrows in a, b, ¢).
Follow-up CT done 3 months later (arrows in d, e, f) shows partial resolution with residual sub-
pleural bands, and CT done 1 year later (g, h, i) shows complete resolution

Fig.3.4 CT features at baseline (a) and after 2 months (b) in a 45-year-old female who developed
severe COVID-19 pneumonia. (a) Baseline CT showing bilateral consolidation and ground-glass
opacities (GGOs) with peripheral and peribronchovascular distribution. (b) Two-month CT fol-
low-up demonstrates resolution of consolidation with a decrease in density but an increase in the
extent of GGO marked by * (“tinted sign”)
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Fig. 3.5 CT features at baseline (a) and after 1 year (b) in a 73-year-old male who developed
severe COVID-19 pneumonia. (a) Baseline CT showing bilateral consolidation and ground-glass
opacities (GGOs) with peripheral and peribronchovascular distribution. (b) One-year CT follow-
up demonstrating resolution of consolidation with the appearance of subpleural and parenchy-
mal bands

lobes. In the acute setting or in the few weeks following COVID-19 infection, con-
solidations can represent bacterial/fungal superinfection as well. Also, a pulmonary
infarct resulting from an embolism may manifest as a peripheral area of
consolidation.

On follow-up imaging, the sequelae of consolidation will depend on the initial
etiology of the consolidation. Acute infective consolidation often resolves faster
than areas of GGO. Subparenchymal areas of linear consolidation represent the
organizing pneumonia phase of inflammation, and as these improve, parenchymal
bands in similar distribution are seen (Fig. 3.5).

3.2.3 Bronchial Dilatation/Bronchiectasis

Bronchial abnormalities often accompany parenchymal changes in COVID-19
pneumonia. However, it is important to realize that every dilated bronchus should
not be labeled as bronchiectasis, as the latter term is reserved for irreversible dilata-
tion. Bronchial dilatation and distortion may be present in areas of GGO or consoli-
dation. It has been shown that as the surrounding parenchymal opacities resolve,
this dilatation/distortion may also reverse, although it will be irreversible in some
patients wherein fibrosis develops. Hence, it is recommended to use the term bron-
chial distortion instead of “traction bronchiectasis or bronchiolectasis,” unless it is
established that the changes are irreversible on longer follow-up [6] (Fig. 3.6).
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Fig. 3.6 (a, b) Bronchial dilation/distortion as seen in the areas of GGO in two patients of
COVID-19 pneumonia

Fig. 3.7 CT features at baseline (a) and after 1 year (b) in a 73-year-old male who developed
severe COVID-19 pneumonia. (a) Baseline CT showing bilateral consolidation and ground-glass
opacities (GGOs) with peripheral and peribronchovascular distribution. (b) One-year CT follow-
up demonstrating GGOs and consolidations replaced by areas of fibrotic-like changes showing
reticular opacities, interlobular septal thickening with associated bronchial dilation/distortion

3.2.4 Fibrotic-like Changes

In the subacute/late phases of COVID-19 pneumonia, superimposed septal thicken-
ing or reticulation may develop on areas of GGO/consolidation with or without
associated bronchial dilatation/distortion. Over time, these changes may resolve or
evolve into fibrosis. As both potential courses are possible with this appearance, the
term fibrotic-like changes should be employed at these early time points (initial
weeks) rather than fibrosis. No definite timeline has been given for the use of the
terminology [6]. These changes can appear relatively early in the course of the dis-
ease (as early as the second week) and persist thereafter, particularly in patients with
severe disease/ARDS (Fig. 3.7).
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Fig. 3.8 Subpleural areas of fibrosis seen in a follow-up patient of COVID-19 pneumonia in the
form of reticular opacities, inter- and intralobular septal thickening, traction bronchiectasis, and
subpleural microcysts

3.2.5 Fibrosis

Fibrosis is diagnosed on imaging by the presence of diverse morphology of fibrotic
opacities (linear/reticular, parenchymal bands, subpleural lesions) in association
with traction bronchiectasis or bronchiolectasis, volume loss, and honey-combing.
It has been shown that fibrotic-like changes of COVID-19 pneumonia continue to
resolve even up to 1 year after the acute event [7, 8]. Hence, the term fibrosis can
only be employed when the irreversible nature of these lesions has been established.
Fibrosis is more likely to develop in those with severe disease/ARDS (Fig. 3.8).

3.2.6 Pulmonary Thromboembolism (PTE) Sequelae
PTE is an established complication of COVID-19. While the thrombus may resolve

in most patients, chronic changes may develop in some patients resulting in chronic
thromboembolic pulmonary hypertension (CTEPH). These patients will require CT
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pulmonary angiography (CTPA) studies and echocardiography on follow-up.
Besides the large vessels, small-vessel vasculopathy has also been reported in
COVID-19 pneumonia; however, its long-term consequence as to whether it could
result in pulmonary hypertension is unclear.

3.3  CT Severity Scoring

None of the currently available guidelines recommend a scoring system for radio-
graphs or CT scans performed for patients with post-acute sequelae of COVID-19.

3.4 \Various Patterns of Fibrosis/Fibrotic-like Changes

Post-COVID-19 changes may reveal various patterns, some of which are
described below:

1. Subpleural distribution of fibrosis/fibrotic-like changes: This is the most charac-
teristic pattern observed, as subpleural or peripheral lung zones are the areas that
are initially affected most during the acute phase. This pattern subsequently
evolves to organizing pneumonia (OP), fibrotic-like changes, and eventually
fibrosis. On CT, this morphology resembles nonspecific interstitial pneumonia
(NSIP) of interstitial lung disease (ILD). This pattern is particularly confusing in
patients with underlying connective tissue diseases (CTDs), as NSIP is the com-
monest pattern encountered in several CTDs, especially progressive systemic
sclerosis and rheumatoid arthritis. In such patients, comparison with previous
imaging is the only way of making this distinction [9] (Figs. 3.9 and 3.10).

2. Peribronchial/central distribution pattern of parenchymal bands: Although less
common than subpleural bands, peribronchial/central distribution of parenchymal
bands can also be seen in some patients of post-COVID-19 sequelae (Fig. 3.11).

Fig. 3.9 Serial chest radiographs in a 73-year-old male patient with COVID-19 pneumonia. At
1 week of illness (a), the CXR shows lower zone and peripheral predominant pneumonia, which
shows partial resolution at 6 months (b), and at 1 year, (c) the chest radiograph shows subpleural
fibrotic-like changes (arrows)
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Fig. 3.10 (a, b) HRCT images of two patients with COVID-19 pneumonia showing predomi-
nantly subpleural areas of fibrotic-like changes

Fig. 3.11 (a, b) HRCT images of two patients with COVID-19 pneumonia showing predomi-
nantly peribronchial areas of fibrotic-like changes along with bronchial wall thickening and bron-
chial dilation

3. Fibrosis not conforming to a characteristic distribution: Often, the distribution
of fibrotic-like changes does not conform to a typical subpleural or axial distri-
bution. Parenchymal bands or reticular opacities can be seen in random, asym-
metric distribution. In fact, this pattern is primarily post-infective and should not
be confused with ILD. It may also be encountered in patients with secondary
infections following COVID-19 pneumonia (Fig. 3.12).

4. Diffuse ground-glass opacities with bronchial dilatation pattern: While GGOs
have been taken as the imaging hallmark of active inflammation in infections or
interstitial lung diseases, these can be observed in all phases of pulmonary
involvement in COVID-19. This is because GGOs can be the manifestation of
pathological changes affecting various compartments of the lung parenchyma,
including alveoli, alveolar walls/interstitium, and vascular or airway disorders
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Fig.3.12 (a, b) HRCT images of two patients of COVID-19 pneumonia showing both peribron-
chial and subpleural areas of fibrotic-like changes

Fig. 3.13 (a, b) HRCT images of two patients of COVID-19 pneumonia demonstrating diffuse
GGOs with associated bronchial dilation

resulting in mosaic attenuation. Lastly, GGO can also result from partial volume
artifact of various abnormalities on CT scan. Superadded septal thickening/retic-
ular opacities and dilated bronchi are present when these represent fibrotic-like
changes/fibrosis (Fig. 3.13).

5. Mosaic attenuation: Mosaic attenuation on CT can be the consequence of either
air trapping resulting from constrictive/obliterative bronchiolitis or peripheral
vasculopathy. Small airway involvement is seen in several viral pneumonias.
Although it is not a signature pattern of COVID-19 pneumonia, it is encountered
in several patients. On the other hand, peripheral vasculopathy is well docu-
mented in COVID-19 pneumonia resulting in the “vascular tree-in-bud sign”
[10]. As long-term sequelae, the mosaic attenuation encountered can be a conse-
quence of both these mechanisms (Fig. 3.14).
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Fig. 3.14 (a, b) HRCT images of two patients of COVID-19 pneumonia demonstrating areas of
low attenuation (arrow) mixed with areas of surrounding high attenuation (mosaic attenuation)

3.5 Conclusion

Based on published literature and institutional experience, it is evident that chest
imaging plays an important role in the follow-up of symptomatic patients of post-
acute sequelae of COVID-19, as pulmonary fibrosis is a recognized phenotype
among these patients. Chest radiographs and spirometry can be used to assess the
need for CT scans, and the subsequent frequency of follow-up imaging. CT pulmo-
nary angiography may be required in patients with initial pulmonary thromboembo-
lism during the acute episode. Slow resolution of radiological abnormalities has
been documented over up to 1 year following the initial infection and even beyond
this period.
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Cardiovascular Complications Following 4
COVID-19

Ambuj Roy and Aseem Basha M

4.1 Introduction

The ongoing COVID-19 pandemic has affected a huge population of the world,
and most of them have made a successful recovery from the acute phase. Survivors
of acute illness may experience a wide range of signs and symptoms after recovery
which impact their quality of life and add to their disability. These residual
sequelae/symptoms are increasingly being reported by recovering patients irre-
spective of the severity of acute COVID-19 infection. This chapter focusses on
cardiovascular complications following COVID-19 infection, common clinical
presentations, natural course, evaluation and management in addition to prevention
strategies.

4.2 Terminologies Used to Describe Post-acute
COVID-19 Phase

In the absence of universally accepted definition, post-COVID-19 syndrome by
consensus is defined as signs and symptoms that develop during or after an infection
consistent with COVID-19 which continue for more than 12 weeks and are not
explained by alternative diagnosis. Common terminologies used are post-COVID-19
syndrome, long-term COVID-19, post-acute sequelaec of SARS-CoV-2 (PASC) or
long haulers. Also popular in medical fraternity is the term ‘long COVID’ which is
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Time line of COVID-19 phases and their definitions
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Fig. 4.1 Terminology and definition of acute COVID-19 and long COVID

defined by the National Institute for Health and Care Excellence as symptoms that
continue or develop after acute COVID-19. Definitions of various phases of
COVID-19 are shown in Figure 4.1 [1-3].

4.3 Cardiovascular Sequelae Post-acute COVID-19
and Pathophysiology

Admitted COVID-19 patients who have survived the acute phase of illness (asymp-
tomatic or symptomatic) seem to have three times greater risk of major adverse
cardiovascular events, while mild COVID-19 patients do not seem to have a higher
cardiovascular sequelae when matched to controls [4]. However, the focus on car-
diovascular sequelae is ever increasing as survivors of acute COVID-19 infection
are experiencing persistent symptoms and a decline in quality of life. The risk of
cardiovascular sequelae is higher in those requiring hospitalization. This association
of increased cardiovascular events post-viral illnesses and post-pandemic has been
reported earlier too [5]. Although majority of literature currently is observational
with risk of inherent bias, there is considerable evidence pertaining to the symptoms
as well as cardiac abnormalities detected on diagnostic testing [6]. While patients
with mild or moderate-severe COVID-19 infection are expected to have symptoms
of cardiovascular disease lingering on in the post-COVID-19 phase, asymptomatic
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patients also seem to be variably affected [7]. The spectrum of cardiac manifesta-
tions (fatigue, dyspnoea, angina and palpitations) in these long haulers depends not
only on the severity of acute COVID-19 infections but also on duration after appar-
ent recovery (Fig. 4.1).

Persistent immune activation post-acute phase, persistent low-grade viremia and
residual and ongoing structural/functional changes in myocardium have all been
implicated in the pathophysiology of long-term cardiovascular sequelae [8]. A
schema of pathophysiology of acute COVID-19 and its subsequent evolution into
long-term sequelae is shown in Fig. 4.2. There is considerable heterogeneity in the
expression of symptoms and structural/functional abnormalities pertaining to car-
diovascular system. Most of the patients having persistent symptoms are usually
survivors of mild-moderate acute COVID-19 infection. Few have evidence of car-
diac injury evident on cardiac magnetic resonance imaging following mild
COVID-19 infection, while those with moderate to severe COVID-19 infection may
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present with biomarker evidence of myocardial injury with or without left ventricu-
lar systolic dysfunction. Collateral damage can also be seen in patients presenting
late to healthcare facilities with acute cardiac emergencies and culminate into long-
lasting/irreversible myocardial injury [9].

4.4 Population at Risk of Post-COVID-19 Sequelae

Patients with severe COVID-19 manifestations, elderly, female sex, poor socioeco-
nomic status, pre-existing comorbidities (diabetes, obesity, coronary artery disease,
prior heart failure) and population living in rural areas with poor healthcare services
are predisposed to development of long-term cardiac and extracardiac sequelae after
apparent recovery [10].

4,5 Cardiovascular Complications Following COVID-19

The long-term sequelae include increased myocardial oxygen demands, irreversible
remodelling, myocardial fibrosis/myocardial scar, persistent left ventricular systolic
and diastolic dysfunction, heart failure, autonomic dysfunction and arrhythmias.
Many of the lingering signs and symptoms seen in patients after they have appar-
ently recovered from acute illness—especially fatigue, dyspnoea, angina and palpi-
tations—appear to have an underlying cardiovascular component. This can occur de
novo in an asymptomatic COVID-19 patient or in symptomatic COVID-19 patients
with no clinically apparent cardiac involvement during the acute phase. Those who
develop viral myocarditis, acute coronary syndrome (ACS), pulmonary embolism
(PE), stress-induced cardiomyopathy and arrhythmias during the acute phase are at
heightened risk of developing long-term COVID-19 cardiovascular complications
and adverse outcomes. These subsets of patients typically have comorbid conditions
such as diabetes mellitus, hypertension, obesity, dyslipidaemia and chronic kidney
disease which would complicate their recovery after the acute phase.

Up to 20% of patients hospitalized with COVID-19 have clinically significant
cardiovascular involvement, while subclinical involvement may be much more
common [11, 12]. Epidemiological burden of cardiovascular sequelae post-
COVID-19 is variably reported due to inherent bias of observational studies and
considerable heterogeneity of studies published. Disproportionate fatigue is the
most common symptom in survivors of acute COVID-19. Dyspnoea is by far the
second most frequent symptom that persists despite apparent recovery from acute
COVID-19 and is multifactorial in aetiology (cardiac, pulmonary or deconditioning
to list a few). Prevalence of dyspnoea is reported to be between 22 and 43% in vari-
ous studies [13].

High index of suspicion of dyspnoea of cardiac origin especially in the setting of
ACS, PE, myocarditis and tachyarrhythmias is the key for early diagnosis of wors-
ening cardiac status and initiating appropriate treatment accordingly. Chest pain is
reported in survivors of moderate-severe COVID-19 in 18%, 13% [14] and 5% [15]
at day 30, day 60 and day 180 of follow-up, respectively. Chest pain consistent with
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typical angina should be differentiated from atypical or non-anginal chest pain on
the basis of quality of pain, aggravating and relieving factors. Palpitations have been
noted in 9%, 14% [14] and 9% [16] at day 30, day 60 and day 180 of follow-up,
respectively. Differentials for palpitations in post-COVID-19 syndrome include
inappropriate sinus tachycardia, postural orthostatic tachycardia syndrome conse-
quent to hyperadrenergic state, or premature ventricular ectopics or ventricular
arrhythmias consequent to adverse remodelling, myocardial fibrosis and scarring.
Although various tachyarrhythmias and bradyarrhythmias have been reported in
acute phase of illness, the prevalence of clinically significant arrhythmias post-
recovery from acute illness remains uncertain. Reports of postural orthostatic tachy-
cardia syndrome and autonomic dysfunction have also been reported with COVID-19
as was with other viral illnesses [17]. Although symptoms may be self-limiting for
few, most still remain symptomatic beyond 6 months after contracting
COVID-19 [16].

A large systematic review of 35 studies published by Ramadan et al [6]. has
reported the prevalence of cardiac symptoms and abnormalities (detected on vari-
ous investigation modalities according to the timeline of evaluation of follow-up)
on both short-term and medium-term follow-up. Short-term follow-up (<3 months)
has shown prevalence of chest pain, dyspnoea and palpitation to the tune of 25%,
36% and 6%, respectively, while medium-term (3—6 months) follow-up revealed
a prevalence of 6%, 3% and 9% for chest pain, dyspnoea and palpitation, respec-
tively (Figs. 4.3 and 4.4). Survivors of acute COVID-19 with cardiovascular

= Chest pain (25%)
= Dyspnea (36%)
= Palpitations (6%)

= ST changes/ elevation (4%)
= RBBB (4%)
= T wave abnormalities (7%)

= Elevated Troponin (4%)
= Elevated NT-pro-BMP (6%

= Diastolic dysfunction (5%)
= Decreased EF (2%)
= Pericardial effusion (1%)

Increased T1 (30%)/ T2 (16%)
Pericardial effusion (15%)

LGE (11%)

Pericardial enhancement (10%)
Myocardial enhancement (10%)
Reduced GLS (2%)

Elevated ECV (1%)

RBBB- Right bundle branch
EF- Ejection fraction

LGE- Late Gadolinium enhancement
GLS- Global longitudinal strain

ECV- Extracellular volume

Fig. 4.3 Short-term cardiac sequelae post-COVID-19 (1-3 months) [6]
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= Chest pain (6%)
= Dyspnea (3%)
= Palpitations (9%)

= ST changes/ elevation (1%)
= RBBB/T wave abnormalities (rare)

= Elevated Troponin (rare)
= Elevated NT-pro-BMP (18%)

Diastolic dysfunction (40%)
Decreased EF (4%)
Pericardial effusion (4%)
Pulmonary hypertension (7%)

Increased T2 (3%)
Pericardial effusion (1%)
LGE (10%)

Reduced GLS (30%)
Elevated ECV (9%)

RBBB- Right bundle branch
EF- Ejection fraction

LGE- Late Gadolinium enhancement
GLS- Global longitudinal strain

ECV- Extracellular volume

Fig. 4.4 Medium-term cardiac sequelae post-COVID-19 (3—6 months) [6]

events such as myocardial infarction, stroke, venous thromboembolism and
arrhythmias would result in symptoms which would persist beyond 6 months
(long-term follow-up). However, data is scarce on long-term prevalence of these
symptoms.

Two large recently published studies have thrown some light over the long-term
sequelae of COVID-19 in the academic year 2022. The first study was “The Hamburg
City Health Study’ which followed up patients with mild to moderate SARS-CoV-2
infection for a median period of 9.2 months and looked for cardiac involvement and
patient outcomes in comparison to matched cohort. While both echocardiography
and cardiac magnetic resonance (CMR)-derived left ventricular systolic function
(left ventricular ejection fraction) or right ventricular systolic function (tricuspid
annular plane systolic excursion) were numerically reduced in patients with mild to
moderate SARS-CoV-2 infection when compared to controls, only the reduction in
echocardiography-derived LVEF and TAPSE (tricuspid annular plane systolic
excursion) was found to be statistically significant when compared to controls
[LVEF, 57.9 vs. 59.1%; regression coefficient —0.93 (95% CI: —1.54,—-0.32);
adjusted P = 0.015; TAPSE, 23.0 vs. 23.9 mm; regression coefficient — 0.72 (95%
CIL: —1.24, —0.21); adjusted P = 0.031, respectively]. Assessment of LVEF and
TAPSE by CMR showed no significant differences when compared to controls.
Further there were no intergroup differences in other cardiac parameters such as left
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ventricular diastolic function, peak tricuspid regurgitation velocity and myocardial

fibrosis when assessed by CMR [18].

The second study was from the US Department of Veterans Affairs national
healthcare database which enrolled a massive cohort of ~1.5 lakh US veterans who
survived first 30 days of SARS-CoV-2 infection and were followed up longitudi-
nally for 12 months, and comparison was made with a contemporary cohort and a
historical cohort. Estimates of risks and 12-month burden of prespecified incident
cardiovascular outcomes in the overall cohort according to nature of care received
in the setting of acute infection were calculated. Risks and burdens of individual
cardiovascular outcomes are shown in Table 4.1. In this study, the risks and burdens
of cardiovascular disease were evident not only in patients who were hospitalized or

Table 4.1 Risks and 12-month burdens of incident post-acute COVID-19 cardiovascular out-

comes per 1000 persons compared with the control cohort [19]

Cardiovascular outcome

Risk of outcome
(HR (95% CI))

Burden of outcome®
(HR (95% CI))

Cerebrovascular disorders

1.53 (145, 1.61)

5.48 (4.65, 6.35)

e Stroke
 Transient ischemic attacks

1.52 (143, 1.62)
1.49 (1.37, 1.62)

4.03 (3.32, 4.79)
1.84 (1.38, 2.34)

Dysrhythmia

1.69 (1.64, 1.75)

19.86 (18.31, 21.46)

e Atrial fibrillation

» Sinus tachycardia

e Sinus bradycardia

e Ventricular arrhythmias
* Atrial flutter

1.71 (1.64, 1.79)
1.84 (1.74, 1.95)
1.53 (145, 1.62)
1.84 (1.72, 1.98)
1.80 (1.66, 1.96)

10.74 (9.61, 11.91)
5.78 (5.07, 6.53)
4.62 (3.90, 5.38)
4.18 (3.56, 4.85)
3.10 (2.55, 3.69)

Inflammatory heart disease

2.02(1.77,2.30)

1.23(0.93, 1.57)

e Pericarditis
* Myocarditis

1.85(1.61,2.13)
5.38 (3.80, 7.59)

0.98 (0.70, 1.30)
0.31 (0.20, 0.46)

Ischemic heart disease

1.66 (1.52, 1.80)

7.28 (5.80, 8.88)

 Acute coronary disease

* Myocardial infarction

* Ischemic cardiomyopathy
* Angina

1.72 (1.56, 1.90)
1.63 (1.51, 1.75)
1.75 (1.44, 2.13)
1.52 (142, 1.64)

5.35 (4.13, 6.70)
2.91 (2.38, 3.49)
2.34(1.37,3.51)
2.50 (2.00, 3.03)

Other cardiac disorders

1.72 (1.65, 1.79)

12.72 (11.54, 13.96)

* Heart failure

 Non-ischemic cardiomyopathy
* Cardiac arrest

» Cardiogenic shock

1.72 (1.65, 1.80)
1.62 (1.52, 1.73)
2.45 (2.08, 2.89)
2.43 (1.86, 3.16)

11.61 (10.47, 12.78)
3.56 (2.97, 4.20)
0.71 (0.53, 0.93)
0.51 (0.31, 0.77)

Thrombotic disorders

2.39(2.27,2.51)

9.88 (9.05, 10.74)

e Pulmonary embolism
* Deep vein thrombosis
* Superficial vein thrombosis

2.93(2.73,3.15)
2.09 (1.94, 2.24)
1.95 (1.80, 2.12)

5.47 (4.90, 6.08)
4.18 (3.62,4.79)
2.61 (2.20, 3.07)

Major adverse cardiovascular outcome
(Composite of myocardial infarction, stroke
and all-cause mortality)

1.55 (1.50, 1.60)

23.48 (21.54,25.48)

Any cardiovascular outcome

1.63 (1.59, 1.68)

45.29 (42.22, 48.45)

“Number of excess cases per 1000 individuals
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required intensive care but also in those who were not hospitalized. This study high-
lights the importance of developing an algorithm for early detection of cardiovascu-
lar sequelae and institution of timely intervention to mitigate the deleterious effects
of this virus on the heart [19].

4.6 Investigations for Evaluation of Cardiovascular
Sequelae Post-acute COVID-19

Patients with cardiovascular issues during acute infection or those having signs and
symptoms pertaining to cardiac involvement after apparent recovery should be
monitored with serial clinical examinations, electrocardiogram, laboratory tests,
including cardiac biomarkers (troponin/NT-pro-BNP), and echocardiogram on fol-
low-up visits. Additional diagnostic tests such as cardiac MRI, cardiac pulmonary
exercise testing, rhythm monitoring by Holter, chest CT and lower extremity duplex
testing are offered according to individual symptoms and examination or test find-
ings, keeping in with clinical standards. Electrocardiogram (ECG), chest radio-
graphs, biomarkers (troponin I, B-type natriuretic peptide), echocardiogram
(ECHO) and cardiac magnetic resonance (CMR) imaging have all been used for
assessment of cardiac sequelae. Various abnormalities that would suggest cardio-
vascular involvement on these investigations and their prevalence on short-term and
medium-term follow-up have been summarized in Figs. 4.3 and 4.4 [6]. Whether
these cardiovascular sequelae detected on various investigations resolve over time
or persist forever is yet to be determined and would require long-term follow-up
studies. Also, whether patients who have normal troponin levels, ejection fraction
and CMR are at increased risk of development of heart failure in future will also
require prospective studies to address the same.

4.7 Management

The management of patients with post-COVID-19 cardiac sequelae depends on the
status of pre-existing cardiac comorbidities and the cardiac condition developed
during the acute phase (ACS, PE, tachy- or bradyarrhythmias, etc.) or during recov-
ery. There is no recommendation currently available for evaluation and manage-
ment of these patients with varied symptomatology. Hence a careful evaluation with
meticulous clinical judgement should guide the modality of investigations in this
population. A careful history pertaining to symptoms relevant to cardiovascular
sequelae such as dyspnoea, chest pain, palpitation and fatigue should be taken. It
should be determined whether symptoms are of new onset, persistent or worsening
of pre-existing symptoms. Clinical examination in these patients should focus on
vital signs (heart rate, blood pressure and saturation), and patient should also be
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checked for postural hypotension in patients presenting with presyncope or syn-
cope. A systematic cardiovascular system examination for murmurs, pericardial
rub, abnormal diastolic heart sounds, jugular venous pressure and signs of pulmo-
nary oedema should be looked for.

Patients with new-onset or persistent dyspnoea or worsening of pre-existing dys-
pnoea should undergo chest radiograph to differentiate cardiac versus pulmonary
causes of dyspnoea. Cardiopulmonary exercise testing (CPX) can further help in
differentiating the aetiology of dyspnoea (cardiac versus pulmonary versus decon-
ditioning). Patients with fatigue and palpitations should have a baseline 12-lead
ECG with Holter reserved only for patients having an unremarkable baseline
ECG. Echocardiogram should not be routinely performed and is reserved for those
patients with history or biomarker evidence of myocardial injury, orthopnea, abnor-
mal jugular venous or auscultatory findings or abnormal chest X-ray or
ECG. Although CMR can be used to detect myocarditis that was not evident in
acute phase, its clinical utility is questionable, and routine use of CMR for detecting
myocardial injury should be strongly discouraged.

Symptom-guided investigations and appropriate guideline directed medical ther-
apy (GDMT) in patients with predisposing or perpetuating factors such as diabetes
mellitus, hypertension, obesity, atrial fibrillation and prior ACS and heart failure are
key for optimal outcomes in these patients. Patients (nonathletes) with symptoms
but no abnormalities on imaging should be advised on dos and don’ts during the
post-COVID-19 phase. The dos include restructuring of daily routines, emphasis on
maintaining healthy weight, moderate-intensity exercise (30 min per day, five times
a week), meditation/yoga, vaccination 3 months post-recovery (if not previously
vaccinated) and avoidance of alcohol/smoking/self-medications. Patients with per-
sistent symptoms (such as fatigue, cough, breathlessness, fever) should limit activ-
ity to 60% of maximum heart rate until 2-3 weeks after symptoms resolve, while
they should refrain from intense cardiovascular exercise for up to 3 months after
myocarditis or pericarditis [20].

Anecdotal reports of sudden cardiac deaths after resumption of their active
lifestyle post-recovery have stirred an active debate regarding whether routine
echocardiograms/CMR/coronary angiograms should be performed prior to
resumption of active lifestyle. Routine investigation of these apparently healthy
adults is neither recommended nor warranted. Athletes post-COVID-19 who have
evidence of exercise-induced cardiac remodelling (physiological) with no ongo-
ing clinical concerns and normal ECG and biomarkers should be permitted for
graded return to play. In those with ongoing clinical concerns, CMR and other
secondary imaging modalities as directed by clinical suspicion should be per-
formed and pathologies appropriately treated before resumption of athletic activi-
ties [21]. An algorithm for evaluating patients with cardiac sequelae and their
management is shown in Fig. 4.5.
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Persistent, intermittent or new onset
symptoms pertaining to cardiovascular
system in Survivor of acute COVID-19
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Fig.4.5 Algorithm for evaluation and management of post-COVID-19 sequelae

4.8 Prevention Strategies

The most cost-effective strategy would be vaccination to prevent from acute
COVID-19 in the first place in addition to hand hygiene and social distancing. Also,
in survivors of acute infection with persistent or ongoing symptoms, vaccination
(after COVID-19) has been reported with resolution of these symptoms [22].
Telephonic follow-up in patients with persistent symptoms and outpatient follow-up
visits for those with underlying predisposing factors will help in early diagnosis and
treatment of these long haulers. All patients post-discharge should be monitored for
cardiovascular risk factors like tobacco use, high blood pressure, raised blood sug-
ars and dyslipidaemia. Diligent management of these risk factors is mandatory to
reduce the heightened risk of major adverse cardiovascular events in them. All
patients with pre-existing atherosclerotic cardiovascular disease should also be on
aspirin and statins as per standard guidelines.



4 Cardiovascular Complications Following COVID-19 47

4.9 Conclusion

On completion of 2 years of the pandemic, we are now experiencing an ever-
increasing population who have survived the pandemic but have persistent, inter-
mittent or new-onset symptoms pertaining to cardiovascular system. Pathophysiology
of these cardiac sequelae is complex and multifactorial. Careful identification of
predisposing factors, meticulous history, examination and clinically directed inves-
tigations help us in early diagnosis and treatment of these patients.

4.10 Take-Home Message

e Cardiovascular sequelae are seen in patients with previous cardiac comorbidities
and also seen in healthy survivors of acute illness including those with mild
COVID-19.

e Admitted patients of COVID-19 have three times higher probability of major
adverse cardiovascular events including heart failure, acute coronary syndrome
and cardiovascular mortality.

» Diligent management of cardiovascular risks like blood pressure, diabetes, dys-
lipidaemia and lifestyle is needed in survivors of COVID-19 to reduce major
adverse cardiovascular events.

e Cardiac investigations in these predisposed populations should be clini-
cally driven.

» Exercise prescription post-acute COVID-19 should be individualized to prevent
worsening of cardiac symptoms and sudden cardiac deaths.
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Learning Points

1. Neurological complications/sequelae of COVID-19 may occur both in the para-
infectious and post-infectious phase and may be independent of respiratory
manifestations.

2. Stroke, headache, and immune-mediated phenomenon are the most common
post-COVID-19 neurological manifestations.

3. Early diagnosis and treatment are essential for a good functional outcome.

5.1 Introduction

SARS-CoV-2 belongs to the family of coronaviruses known to cause respiratory,
gastrointestinal, and enteric infections. They are single-stranded enveloped viruses
and derive their name from the Latin word corona, meaning crown (resemblance
due to the spike proteins on the viral surface). These viruses can be classified into
four genera: Alphacoronavirus, Betacoronavirus, Deltacoronavirus, and
Gammacoronavirus, of which the first three infect mammals. Human infection is
usually mild; occasionally, however, the virus jumps between species leading to the
emergence of lethal strains like Middle East respiratory syndrome (MERS) corona-
virus and severe acute respiratory syndrome (SARS) coronavirus (SARS-CoV-1
and SARS-CoV-2) [1].

SARS-CoV-2 has four major structural proteins: spike, membrane, envelope, and
nucleocapsid. The spike protein is used for attachment to various receptors in the
human body like ACE2 and neuropilin [2]. COVID-19 is the clinical disease caused
by SARS-CoV-2 infection and was first reported in December 2019 in Wuhan,
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China. However, within months it spread across the globe, posing the biggest chal-
lenge to humanity in this century leading to more than 600 million infections and
6 million deaths worldwide as on mid-September 2022 [3].

5.2  Neurological Sequelae of COVID-19

Approximately 10-35% of survivors of COVID-19 develop persistent disabling
neurological sequelae [4]. Considering the enormity of the number of infections, the
burden of long-term neurological complications is unfathomable. Thus, it is essen-
tial to be acutely aware of these conditions for early diagnosis and management to
prevent irreversible long-term sequelae.

The neurological manifestations of COVID-19 can broadly be divided into para-
infectious complications (those occurring during the acute infection phase) and
post-acute phase complications. A list of the common manifestations is depicted in
Table 5.1.

5.2.1 Anosmiaand Ageusia

These are often the heralding manifestations of infection. Anosmia occurs in
approximately 40-60% of cases, but some alteration in smell (upon testing) is
present in 90% of infected individuals [5, 6]. Ageusia is secondary to the loss of
smell and often leads to loss of appetite and weight. These symptoms are usually
transient and recover within 1-8 weeks. This is because the disruption of the olfac-
tory nerve does not occur and the symptoms result from an infection of the susten-
tacular cells leading to temporary olfactory cleft obstruction and edema of the
olfactory bulb [4]. However, some individuals develop persistent hyposmia, anos-
mia or hypo-/ageusia.

Table 5.1 Neurological complications of COVID-19

Para-infectious * Anosmia and ageusia
* Encephalopathy

* Stroke

* Encephalitis

* Myositis

* Seizures

* Headache
Post-infectious * ADEM

* GBS

* Myelitis

* Seizures

 Long-haul COVID

* Multisystem inflammatory syndrome
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5.2.2 Encephalopathy

This is the commonest neurological manifestation in hospitalized patients with
COVID-19. Approximately 30-35% of patients develop encephalopathic manifes-
tations (commoner with old age) ranging from seizures to delirium and altered men-
tal status [4]. The cause for these manifestations is manifold and includes hypoxia,
multi-organ involvement, metabolic abnormalities, direct central nervous system
(CNS) involvement, drugs like corticosteroids and sedatives, and finally, separation
from family members. These individuals often have prolonged hospital stay, and the
majority is not independent for activities of daily living upon discharge [7]. Magnetic
resonance imaging (MRI) of the brain may reveal micro-hemorrhagic lesions
involving the corpus callosum and juxtacortical regions or diffuse, bilateral hyper-
intense lesions involving the ganglio-capsular region (post-hypoxia) [8].
Encephalopathy due to reversible causes like drugs, sepsis, or metabolic abnormali-
ties recovers with supportive treatment.

Acute necrotizing hemorrhagic encephalopathy is a severe and often lethal vari-
ant that is believed to occur secondary to cytokine release syndrome (cytokine
storm) and not direct infection by SARS-CoV-2. The cytokine storm disrupts the
blood-brain barrier and causes necrosis of the brain. Afflicted individuals present
with rapidly progressive altered sensorium, and MRI brain typically reveals bilat-
eral hemorrhagic lesions involving the thalami, temporal lobes, and brainstem.
Treatment response to intravenous immunoglobulin (IVIg) and plasma exchange is
usually poor.

5.2.3 Viral Encephalitis

This is an uncommon manifestation of COVID-19 infection as direct invasion of the
brain has been rarely described. Even in suspected cases, cerebrospinal fluid (CSF)
or autopsy studies on brain parenchyma failed to demonstrate the presence of
SARS-CoV-2 RNA and proteins [9, 10]. The severity of neuropathological changes
was also not associated with presence of the virus.

5.2.4 Acute Disseminated Encephalomyelitis (ADEM)

ADEM is known to occur post-viral infections and is commoner in children.
However, post-COVID-19 ADEM has predominantly been described in adults fol-
lowing a mild flu-like presentation and severe COVID-19 warranting intensive care
[11]. Patients usually present with multifocal deficits and encephalopathy, and MRI
brain reveals T2/FLAIR asymmetrical hyperintensities involving the white matter
(deep and gray-white interface) [4]. Occasionally, hemorrhagic changes can occur
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concomitantly. SARS-CoV-2 is undetectable in the CSF of these patients, and man-
agement with high-dose corticosteroids leads to good treatment response.
Hemorrhagic ADEM complicates management of COVID-19 by preventing antico-
agulant treatment or thromboprophylaxis, which is usually otherwise warranted in
these patients.

5.2.5 Stroke

The Virchow’s triad is a combination of hypercoagulable state, endothelial dysfunc-
tion, and immobility [4]. SARS-CoV-2 causes cerebrovascular complications
through all three mechanisms, and strokes have been reported in 5% of COVID-19
patients. Older patients with concomitant atherosclerotic risk factors are at higher
risk. Ischemic (most common) [Fig. 5.1] and hemorrhagic strokes, as well as cere-
bral venous sinus thrombosis, are now known to occur with and due to SARS-
CoV-2 [12]. Hypercoagulable state results from impaired fibrinolysis,
antiphospholipid antibodies, high levels of coagulation factors, and low level of
anticoagulants. This can be demonstrated by elevations of D-dimer levels, pro-
thrombin time, and activated partial thromboplastin times [13], and such patients
are treated with prophylactic anticoagulants to prevent these events. Endothelial
injury mediated by SARS-CoV-2 results in depletion of nitric oxide synthase lead-
ing to subsequent deficiency of nitric oxide (potent vasodilator and inhibitor of leu-
cocyte and platelet adhesion to the endothelium) [ 14]. ACE2 binding of SARS-CoV-2

Fig. 5.1 Non-contrast CT
head of a SARS-CoV-2-
infected patient with a
malignant left middle
cerebral artery infarct
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also leads to reduced expression of the former, leading to unregulated angiotensin II
levels (a potent vasoconstrictor), eventually causing increased hypertension and,
therefore, stroke risk. COVID-19-associated inflammatory response also predis-
poses to plaque rupture in patients with the pre-existing atherosclerotic disease [14].

All acute ischemic strokes (eligible for thrombolysis) are treated in the same
manner as non-COVID-19-associated events. However, some clinicians prefer
tenecteplase over alteplase in this setting because of the former’s more rapid onset
of effect and bolus dosage.

5.2.6 Neurodegenerative Diseases

COVID-19-associated cases of acute parkinsonism and one case of Creutzfeldt-
Jakob disease have been reported till date [15, 16]. However, it is unclear and debat-
able whether SARS-CoV-2 infection was causative or coincidental or whether the
inflammatory response elicited due to its infection precipitated these neurodegen-
erative diseases. There is no evidence of acceleration of these diseases or increased
susceptibility to them after SARS-CoV-2 infection. However, whether these eventu-
ally occur as a long-term sequela remains to be seen since ACE2 expression within
the CNS is high.

5.2.7 Myelitis

Multiple cases of acute myelitis following SARS-CoV-2 infection have been
described, with acute transverse myelitis involving three or more contiguous seg-
ments being the commonest form. MRI spine shows longitudinally extensive gray
and white matter involvement, although normal MRIs (MRI-negative myelitis) can
also be encountered [17]. These patients usually respond to treatment with plasma
exchange and steroids. Occasionally, a more severe acute necrotizing myelitis has
also been reported.

5.2.8 Guillain-Barré Syndrome (GBS)

Multiple cases of post-COVID-19 GBS have been described, with the onset of GBS
symptoms occurring 5-10 days after the development of COVID-19 symptoms
[18]. It results from molecular mimicry between antigens of SARS-CoV-2 and anti-
gens of the peripheral nerve. However, the virus could not be detected in the CSF of
any patient, and both demyelinating and axonal variants have been reported. In
addition, there was a slight increase in the proportion of patients presenting with
rarer variants such as the Miller Fisher variant. Most cases had albumin-cytological
dissociation and responded well to IVIg and plasma exchange treatment. The for-
mer was preferred due to ease of administration and noninvasiveness, especially in
the background of COVID-19.
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5.2.9 Myositis

The development of myositis is associated with muscle weakness and myalgia that
can occur at any point during the course of the illness and can persist after recovery
of all other symptoms [19]. Limb muscle involvement is most common, but paraspi-
nal involvement is also reported and can lead to back or abdominal pain. Severe
affliction may lead to rhabdomyolysis. MRI of the affected muscles shows swelling
and occasionally may reveal features suggestive of myonecrosis. Patients usually
respond well to intravenous corticosteroids.

5.2.10 Long-haul COVID with Neurological Manifestations

This syndrome is independent of the severity of the acute manifestations and can
even occur in patients with minimal/mild symptoms [20]. It is commoner in milder
disease, and one hypothesis states that since these patients did not get admitted, they
might not have adequately cleared the virus leading to restricted or persistent viral
replication leading to this syndrome. The symptomatology overlaps with chronic
fatigue syndrome and is more common in young adults and women. Three common
subtypes include the following:

e Predominant dysautonomia—~Patients present with palpitations, hypo- or hyper-
tension, tachycardia on mild exertion, gastroparesis, diarrhea, or constipation.

o Extreme exercise intolerance—Patients complain of extreme tiredness and
fatigue, significantly limiting physical activity out of proportion to the previous
state of health.

e Cognitive impairment—Patients present with sleep disturbance (31%), short-
term memory dysfunction (34%), distortion of time and place, or depression.

The exact extent of this syndrome is unknown. A distinction between long-haul
COVID with lingering symptoms due to severe COVID-19-associated multi-organ
dysfunction should always be made prior to diagnosis with the former.

5.2.11 Multisystem Inflammatory Syndrome (in Children)

Some children develop systemic symptoms 2-3 weeks after recovery from acute
COVID-19 illness, including neurological symptoms [4]. The exact pathophysiol-
ogy is unclear, and common symptoms include generalized weakness, dysarthria/
dysphagia, and encephalopathy. Blood investigations reveal elevated inflammatory
markers, but CSF is normal. MRI brain may sometimes reveal diffusion restriction
involving the splenium of the corpus callosum. Patients usually have a good response
to IVIg and steroids.
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5.2.12 Headache

This is one of the commonest CNS manifestations and occurs in 6-25% of patients
with COVID-19 [14]. The headache is usually moderate-severe in intensity and
occurs due to the systemic spread of the virus and its associated inflammation. Other
causes include anxiety, isolation, and decreased sleep. Most patients with headaches
have a previous history of headaches as well. However, some cases develop new-
onset headache peri- or post-COVID-19 infection. The headache usually responds
well to analgesics.

5.2.13 Seizures

SARS-CoV-2 infection decreases the seizure threshold leading to worsening seizure
control/frequency in epileptic patients or causing seizures in individuals with no
prior history. Mechanisms by which seizures can occur include COVID-19-
associated brain damage, encephalitis or meningoencephalitis, and pro-inflammatory
milieu [14]. Seizures can even be the first presenting symptom of SARS-CoV-2
infection and may be either focal or generalized. Management of seizures is the
same as that of COVID-19-negative patients. However, drug-drug interactions must
be considered since many anti-epileptic drugs induce or inhibit cytochrome CYP
systems leading to altered pharmacogenetics of COVID-19 drugs (CYP inducers
like phenytoin and carbamazepine will decrease the plasma concentration, whereas
CYP inhibitors like valproate will increase the plasma concentration of drugs used
for the treatment of COVID-19).

5.2.14 Dizziness

Dizziness occurs in approximately 8-9% of subjects post-COVID-19, and the exact
pathophysiology in this setting is poorly understood. Some retrospective observa-
tional studies have described it as one of the most common neurologic findings in
SARS-CoV-2 infection, and therefore clinicians should be vigilant about this symp-
tom, even in the absence of prototypical respiratory symptoms.

5.2.15 Neurological Complications of Vaccination

Most vaccines against COVID-19 are based on the virus spike protein delivered as
DNA, mRNA, or protein. Although they have demonstrated excellent safety and
efficacy profiles, neurological complications may rarely occur following vaccina-
tion. Multiple cases of Bell’s palsy and a few cases of myelitis, ADEM, stroke, and
GBS have been reported following vaccination with different vaccines worldwide,
although definite causality has not been proven. Vaccine-associated thrombotic
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thrombocytopenia has also been reported with associated antibodies against platelet
factor 4 (similar to heparin-induced thrombotic thrombocytopenia), and these
patients should not be treated with IVIg and non-heparin-based anticoagulants.

53 Conclusion

Neurological complications from SARS-CoV-2 can occur both during and post-
acute phases of the disease. Clinical awareness and knowledge of these conditions
are essential since early recognition and treatment usually lead to good outcomes.
The occurrence of long-term sequelae in the form of neurodegenerative diseases
will only be known through long-term follow-up of these patients.
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Gagan Hans and Rakesh Kumar Chadda

6.1 Introduction

The emergence of COVID-19 infection caused by SARS-CoV-2 is a catastrophic
humanitarian crisis which may have widespread and long-lasting psychological
effects [1]. It is expected that the resulting psychological distress experienced by
different subgroups of the population is likely to be different based on their vulner-
abilities. As the COVID-19 pandemic has progressed globally with repeated
upsurges, the psychological impact has also been increasingly seen in vulnerable
groups like healthcare workers, individuals in quarantine, and patients with chronic
medical and psychiatric conditions [1]. Although the literature available on long-
term impact is limited at present, there are preliminary indications that COVID-19
can produce long-term psychiatric sequelae.

6.2 Experiences from Past Coronavirus Outbreaks

Initially, the concerns regarding the psychiatric sequelae of the COVID-19 were
based on the findings from outbreaks caused by other coronaviruses in the past
[2]. It has been well documented that a patient with respiratory viral diseases can
have both acute and long-term psychiatric sequelae [3]. There have been pandem-
ics from other coronaviruses like SARS-CoV-1 in the past, for which the long-
term effects on mental health have been well documented. Although extrapolation
of these findings to the current situation is difficult, these can serve as useful
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guiding principles for planning mental healthcare services. Psychiatric symptoms
and disorders like post-traumatic stress disorder (PTSD) or its subsyndromal
symptoms, anxiety, and depression have been documented in the patients, health-
care workers, and general population during previous coronavirus outbreaks, both
at the time of pandemic and for variable durations afterward up to 3 years post-
pandemic [4].

6.3 Mental Health Problems After COVID-19

Currently, published literature on the psychiatric sequelae in the post-COVID-19
illness phase is sparse, although insomnia, delirium, depression, anxiety, and PTSD
have been commonly reported in the acute and convalescent phase [2]. A few stud-
ies have reported high rates of insomnia and symptoms of PTSD, anxiety, and
depression after a duration of 1 month post-COVID-19 infection [5, 6]. There have
also been suggestions that coronaviruses can lead to psychopathological sequelae
either through direct infection of the central nervous system or indirectly mediated
through the immune response it generates [7]. Coronaviruses are neurotropic,
inducing neuronal injuries and leading to neuroinflammation, potentially causing
neuropsychiatric manifestations [8, 9]. Also, studies have found that in addition to
the increased risk of psychiatric outcomes associated with COVID-19 infection, the
incidence was greater in patients who required hospitalization and significantly
higher in patients requiring intensive care management [10]. The risk of having
anxiety and depression remains consistently elevated even after 3—-6 months of
COVID-19 infection, and probably even beyond, along with an elevated risk of
insomnia, psychosis, and substance use disorders [10]. Another large study found
that a diagnosis of COVID-19 was associated with an increased incidence of having
first psychiatric diagnosis within 14-90 days, especially for anxiety disorders,
insomnia, and dementia. The same study also found that a psychiatric diagnosis in
the previous year was independently associated with an increased incidence of
COVID-19 diagnosis [11]. In addition, factors like poor socioeconomic status, loss
of employment, limited access to essential supplies, special support needs, duration
of lockdown, fear of infection, inadequate information, comorbid medical condi-
tions, and advanced age could all be possible determinants of post-COVID-19 psy-
chological sequelae [12].

Table 6.1 shows the high-risk groups for developing mental health problems
post-COVID-19 pandemic.

The COVID-19 pandemic has resulted in employment losses for many workers
in the private and unorganized sectors. Financial loss because of quarantine has
been shown to produce negative psychological sequelae that can be long-lasting
[13]. Evidence also suggests that the financial loss during quarantine can be a risk
factor for subsequent development of symptoms of psychological disorders, [14]
anger and anxiety [15], even months after the crisis is over. Financial and job losses
in the post-COVID-19 period can also lead to an increase in the cases of domestic
violence against women as the perpetual cycle of domestic violence is fuelled by
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Table 6.1 High-risk groups for mental health problems post-COVID-19 pandemic

* Those with loss of immediate and long-term employment
* Women, children, and adolescents

» Senior citizens with/without special needs

* Homeless individuals with/without psychiatric illnesses, poor social support
 Lower socioeconomic status

* Persons with disabilities

* History of severe mental illness

* Frontline workers, including health professionals

« Life-threatening chronic medical conditions like cancer, chronic renal failure, liver
diseases, asthma/chronic obstructive airway disease, immunocompromised individuals

factors such as low socioeconomic status, lesser wages, poor living conditions, a
high number of children, ongoing pregnancy, alcohol, and other substance abuse
[16]. This phenomenon has been described as a “pandemic within the pandemic.”

Children and adolescents have experienced disruptions in their regular schedules
since schools and other everyday outdoor activities were suspended for a long time.
This may result in various mental health issues, including anxiety, fear, worry,
depression, difficulty sleeping, and appetite changes [17]. The experience of going
through quarantine, isolation, or the death of a parent can further increase the
chances of developing mental health issues in children and adolescents. Children
with various physical and mental disabilities are especially vulnerable to developing
these disorders as social isolation, economic hardships, and worsening physical and
mental conditions of the parents and caregivers worsen the living condition of chil-
dren with special needs or those living in abusive environments [17].

Elderly individuals, patients with chronic medical and psychiatric conditions,
persons with disabilities, children, and other vulnerable subgroups are likely to
depend on others for having an adequate basic supply of food, water, and other
essentials. Having inadequate supplies of essentials can be a continued source of
frustration [18] in the affected population and is persistently associated with anxiety
and anger even at 4—6 months after quarantine [15]. These individuals, and patients
suffering from chronic medical and psychiatric conditions, are also more likely to
experience difficulties in their regular medical care, including getting prescriptions
and regular supply of medications [18], compromising them further and leading to
relapses of the medical and psychiatric disorders. Many people who are dependent
on nicotine or alcohol or who have other psychoactive symptoms may experience
acute withdrawal during the lockdown phase followed by worsening in the subse-
quent duration. There is also some evidence to suggest that a history of psychiatric
illness is associated with persistent anxiety and anger even after 4-6 months post-
infection [15].

Healthcare workers may experience high psychological distress during the pan-
demic, which increases the likelihood of developing post-COVID-19 psychiatric
sequelae. Poor working conditions combined with a lack of safety equipment and
management protocol lead to increased chances of high-risk exposure necessitating
quarantine, and/or getting infected. A history of quarantine in healthcare workers is
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Table 6.2 Risk factors for developing anxiety and depression

* Living alone
* No children or > 2 children
» Female gender

e Current medical/psychiatric illness
¢ Poor sleep quality

* Higher perceived stress

 Lacking knowledge of pandemic

* Impact on daily life
* Poor social support
* Impact on income
* Frontline workers

the most important predictor of developing acute stress disorder, PTSD, low mood,
anger, exhaustion, anxiety, insomnia, irritability, poor concentration, decreased
work performance, and reluctance to work or considering resignation [19, 20].
Quarantine also predisposes to development of PTSD and alcohol dependence in
healthcare workers even after a long interval [20]. In addition, the severity of the
symptoms of PTSD may be increased in the quarantined healthcare workers as com-
pared to the quarantined individuals from the general population. They are also
more likely to report greater stigma, loss of income, and avoidance behaviors in
addition to greater fear, anger, frustration, sadness, worry, isolation, and helpless-
ness post-quarantine. Healthcare workers are also likely to be more concerned about
spreading the infection to their family members and to others in the surroundings
[21]. There is emerging data to suggest that the healthcare professionals working in
COVID-19 areas have significantly higher rates of depression, anxiety, and somatic
symptoms than those working in non-COVID-19 areas in addition to the use of
maladaptive coping strategies to cope with the resultant stress [22].

Table 6.2 enumerates several risk factors of developing anxiety and depression
following COVID-19 infection [4].

6.4 Death, Dying, and Bereavement Issues

COVID-19 pandemic is expected to have a significant impact on the experience of
death, dying, and bereavement. Studies from the previous pandemics have shown
that a pandemic not only causes disruption directly due to death but also impacts
and disrupts the social norms due to isolating measures, rituals, and mourning prac-
tices leading to potentially increased risk of developing complicated grief in the
survivors [23]. The need for physical barriers and isolation measures, along with the
use of personal protective equipment by family members and healthcare workers,
limits the physical contact and number of visits from family members, causing loss
of usual social support [24, 25]. Additionally, in case of loss due to death, the family
members cannot support each other due to similar reasons [26]. During the
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pandemic, scarcity of hospital beds for admission also compromised the autonomy
of the individuals regarding decisions about preferred place of death [26] and par-
ticipation of others in decision-making process. Also, there was a disruption of the
usual rituals and practices observed following death [27]. Thus, all these factors,
along with the added risk of having multiple deaths in the same family, are likely to
increase the risk of complicated grief in the survivors.

6.5 Prevention

To prevent the long-term impact of the pandemic, the resilience of the population is
an important determinant. The resilience to the stress depends on several determi-
nants, including socioeconomic condition, age, comorbid medical conditions, pre-
existing mental health conditions, length of the quarantine, food security, individual
coping strategies, family support, and special needs [12]. Individually, establishing
new routines, exercising regularly, and spending quality time with the family can
help deal with the immediate stress and cope with the long-term effects of the pan-
demic. Judicious use of social media with information from reliable sources only
can prevent information overload and avoid becoming overwhelmed with anxiety
about the future course of events [12].

As multiple waves of the pandemic continue, the duration of the quarantine
should be kept as minimum as possible based on the scientific reasoning of the
incubation periods, as longer durations are associated with more negative psycho-
logical consequences [28]. Also, there should be provisions for free access to essen-
tial information regarding the pandemic through easily accessible means to prevent
catastrophic appraisals by the affected individuals. Provisions for early identifica-
tion of more vulnerable individuals like the elderly, people with high-risk comorbid
medical conditions, and those with special needs can help in early treatment.
Essential legislation and welfare schemes can protect the employment of the work-
ers during lockdown period along with financial assistance. Similarly, assistance to
seek work early in the post-COVID-19 phase can also help reduce the long-term
psychological sequelae.

Healthcare workers should have clarity of their respective roles in the post-
COVID-19 phase, including preparation for future waves of pandemic, and should
be supported by means of adequate protective equipment and special accommoda-
tion near the workplace during the acute phase, which can alleviate their fear of
spreading the infection to the family members. Legislation may be essential to pro-
tect the healthcare workers from stigmatizing attitudes in society. Organizational
support is highly protective of mental health during infectious disease outbreaks,
and staff should be supported in all possible ways to keep their morale high [29].

Telemedicine has emerged as an important vehicle of health services delivery in
the COVID-19 pandemic. Telemedicine facilities should be encouraged, and
helpline numbers should be established for people in distress as part of capacity
building in the healthcare infrastructure. The release of telemedicine guidelines by
the Board of Governors of Medical Council of India along with the release of
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Telepsychiatry Operational Guidelines 2020 by the Indian Psychiatric Society, the
Telemedicine Society of India, and the National Institute of Mental Health and
Neurosciences has improved the horizons for mental healthcare in India during the
COVID-19 pandemic. This should be further strengthened to improve mental health
services provision in the post-pandemic phase [30].

6.6 Conclusions

In conclusion, the long-term psychological sequelae of COVID-19 are likely to pose
a significant challenge and additional burden on already limited mental health ser-
vices, especially in low- and middle-income countries. Measures like simple and
precise information, minimum necessary lockdown period, adequate supply of
essentials, protection of employment, and financial assistance to the poor will go a
long way in minimizing these long-term adverse psychological effects. Technological
advances in telemedicine have a key role to play in mental health services delivery
in the foreseeable future.

6.7 Take-Home Messages

e Protection and special provisions for vulnerable groups, including healthcare
workers, should be a priority to prevent long-term negative psychological effects.

e COVID-19 pandemic is expected to have a significant impact on the experience
of death, dying, and bereavement resulting in increased risk of complicated grief.

e Measures like providing simple and clear public information, minimum neces-
sary lockdown period, adequate supply of essentials, protection of employment,
and financial assistance to those in need can help reduce long-term negative psy-
chological effects.

e Long-term psychiatric sequelae are likely to put an additional burden on limited
mental health resources in low- and middle-income countries.
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Long-term Gastrointestinal 7
Complications Following COVID-19

Anshuman Elhence and Uday C. Ghoshal

7.1 Introduction

It has been over 2 years since the severe acute respiratory syndrome coronavirus 2
(SARS- CoV-2), a beta coronavirus, spread from Wuhan city in the Hubei province
of China to evolve into a pandemic of coronavirus disease 2019 (COVID-19) affect-
ing the whole world [1]. Despite widespread vaccination and healthcare infrastruc-
ture upscaling, the pandemic has been difficult to control due to emerging variants
of concern (VOC) such as the delta and omicron variants which continue to cause
staggering waves of the pandemic.

The virus, SARS-CoV-2, is a single-stranded ribonucleic acid (RNA) virus
which has tropism for the respiratory system which explains its nomenclature. The
viral nucleic acid codes for four different proteins include the spike (S), envelope
(E), membrane (M), and nucleocapsid (N) proteins [2]. The viral S protein utilizes
the angiotensin-converting enzyme-2 (ACE-2) receptor, a host metallopeptidase, to
enter the host cell [3]. Another host protease, the transmembrane serine protease
(TMPRSS 2 and 4), helps in cleavage of the viral S protein and facilitation of inter-
nalization of the virus inside host cells [4]. Due to the widespread expression of
ACE-2 receptor on the nasal, nasopharyngeal, and respiratory tract mucosa,
COVID-19 presents in majority with fever and upper respiratory tract symptoms
such as cough and coryza [3]. However, in a minority of patients, particularly those
with comorbid illness such as diabetes, obesity, cardiopulmonary illness, chronic
kidney, and liver disease, it may take the form of a life-threatening severe acute
respiratory syndrome [5].

Since, the ACE-2 receptor is expressed widely throughout the gastrointestinal
tract including the esophagus, stomach, small and large intestine, liver, and
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pancreas, not surprisingly gastrointestinal manifestations are not uncommon [3]. A
systematic review and meta-analysis of 60 studies with over 4000 patients showed
that gastrointestinal symptoms are present in up to one-fifth of patients and nearly
half of patients excrete the SARS-CoV-2 in feces even after testing negative from
nasopharyngeal samples [6]. The prevalence of gastrointestinal symptoms particu-
larly diarrhea, nausea, and stool urgency has been found to be as high as 60%, and
nausea has been shown to persist beyond 1 month on follow-up [7]. Besides the
gastrointestinal tract proper, COVID-19 has been shown to cause alteration in liver
function tests in up to 50% of patients and affect the pancreas in a minority [8, 9].
The gastrointestinal manifestations of COVID-19 are important to recognize, not
only because of concern for feco-oral transmission of the virus apart from the well-
recognized droplet route but also because a subset of patients (5%) may present
with only gastrointestinal symptoms and hence may escape detection in absence of
a high degree of suspicion [10].

As our experience with COVID-19 grows, reports of new-onset or prolonged
neuromuscular, respiratory, and gastrointestinal symptoms persisting after recovery
from COVID-19, termed the post-COVID-19 syndrome or “long-haul” COVID-19,
are emerging [11]. In this chapter we explore the pathogenesis, epidemiology, and
management of post-COVID-19 gastrointestinal manifestations.

7.2  Pathophysiological Mechanisms

With the emerging information on COVID-19, there are some mechanistic insights
into the pathophysiology behind acute gastrointestinal symptoms of COVID-19
[12]. However, the long-term sequelae remain an enigma with limited information
into its mechanisms. The exact mechanisms underlying the development of func-
tional gastrointestinal disorders (FGIDs) are not well known. However, there is
some evidence for a microorganic basis for these disorders which is best exempli-
fied by post-infection (PI)-FGIDs (Fig. 7.1).

7.2.1 Concept of Post-Infection Disorders
of Gut-Brain Interaction

Following bacterial, viral, or protozoal infections, PI-FGIDs, which now have been
more appropriately rechristened as disorders of gut-brain interaction (DGBI), are
common and develop in nearly 11% of the patients [13]. Although classically
described to develop as a sequelae of invasive bacterial gastroenteritis, of late they
have been found to develop following viral gastroenteritis as well, albeit at a lower
frequency (Table 7.1) [14-17]. These FGIDs encompass the spectrum of irritable
bowel syndrome (IBS), commonly diarrhea predominant (IBS-D) as well as
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Fig.7.1 Purported mechanisms underlying long-term gastrointestinal manifestation of COVID-19

functional dyspepsia (FD) [18]. Since COVID-19 is well known to cause gastroin-
testinal symptoms, a definition of post-COVID-19 FGID has been proposed when
this symptom complex meeting the established criteria of FGIDs develops after a
documented SARS-CoV-2 infection [12, 19].

7.2.2 ACE-2-Mediated Mechanisms

The ACE-2, via its role in the renin-angiotensin system (RAS) has been linked to
regulation of intestinal blood flow, permeability, motility, and fluid and electrolyte
absorption [20]. Deficiency of ACE-2 has been shown to predispose to inflamma-
tion and colitis in murine models [21]. It has been hypothesized that the gastrointes-
tinal symptoms may arise due to the direct effect of the virus on the receptor leading
to alteration of its functions or a secondary downregulation of ACE-2 as a result of
SARS-CoV-2 infection [12].
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Table 7.1 Studies on post-viral functional gastrointestinal diseases

Author Journal | Year | Country Virus Risk Comments
Marshall | CGH 2007 | Canada Norovirus | OR 6.9 (1.0-48.8) -
et al.
Zanini AJG 2012 | Italy Norovirus |OR 11.4 (3.4-37.8) |-
et al.
Saps JPGN 2009 | Italy and Rotavirus | 7/44 (16%) in cases | Pediatric
et al. USA vs 3/44 (7%) in study
controls
Porter CID 2012 | USA Norovirus | IBS OR 0.68 Only negative
et al. (0.3-1.52) study for IBS
Dyspepsia OR 1.44
(0.84-2.47)
Ghoshal | JGH 2021 | India, SARS- IBS 15 (5.3%),
etal. Bangladesh | CoV2 Dyspepsia 6 (2.1%),
Overlap 5(1.8%) in
cases vs IBS 1
(0.4%) in control at
6 months

Abbreviations: CGH Clinical Gastroenterology and Hepatology; OR odds ratio; AJG American
Journal of Gastroenterology; JPGN Journal of Pediatric Gastroenterology and Nutrition; USA
United States of America; CID Clinical Infectious Diseases; /BS Irritable bowel syndrome; JGH
Journal of Gastroenterology and Hepatology; SARS-CoV2 Severe acute respiratory syndrome
coronavirus 2

7.2.3 Persistent Intestinal Inflammation

Once the SARS-CoV-2 infects the enterocytes, it evokes an inflammatory response
which has not been well characterized but is accompanied by infiltration of the
mucosa with neutrophils, macrophages, and lymphocytes. Fecal calprotectin (FCP),
an inflammatory marker released by neutrophils, not only has been found to be
raised among those with COVID-19 as compared to controls, but also is higher
among those with diarrhea as compared to without diarrhea [22-24]. This increase
in FCP has been shown to persist even after resolution of diarrhea, and the FCP
levels have been shown to correlate with interleukin-6 (IL-6) levels [22]. Moreover,
higher levels of pro-inflammatory cytokines (IL-8, IL-23) and lower levels of anti-
inflammatory cytokines (IL-10) have been demonstrated in the feces of patients
with COVID-19 as compared to controls hinting toward intestinal inflammation
caused by the virus. The intestinal inflammation induced by the virus has been dem-
onstrated by histopathology as infiltration of the lamina propria in the stomach,
small bowel, and colon with mononuclear inflammatory cells [25].

7.2.4 Gut Microbiota Dysbiosis

It has been shown that even among antibiotic-naive COVID-19 patients, the delicate
balance of gut microbes is disrupted by SARS-CoV-2 and is characterized by
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decrease in symbionts such as Faecalibacterium prausnitzii, Eubacterium ventrio-
sum, Roseburia, and Lachnospiraceae and increase in opportunistic microbes such
as Clostridium hathewayi, Bacteroides nordi, and Actinomyces viscosus [26]. In
fact, baseline abundance of certain species such as Coprobacillus, Clostridium
ramosum, and Clostridium hathewayi correlated directly with COVID-19 severity,
while that of Faecalibacterium prausnitzii correlated inversely with severity of
COVID-19 [26]. These changes in gut microbiota have been shown to persist
beyond hospital discharge [27]. The functional profile of this altered microbiome is
characterized by depletion of short-chain fatty acids (SCFAs) which have a well-
known anti-inflammatory role as well as a role in downregulation of the ACE-2
receptor and hence possibly COVID-19 severity [27, 28]. The development of
PI-FGIDs has been strongly linked to gut dysbiosis, and hence it has been hypoth-
esized that such a post-COVID-19 dysbiosis may contribute toward the prolonged
gastrointestinal symptoms.

7.2.5 Altered Serotonergic Signaling

Serotonin (5-hydroxy tryptamine [5-HT]) is secreted by the enterochromaffin cells
in the gastrointestinal tract in response to a variety of mechanical and chemical
stimuli and in turn acts as a neurocrine and paracrine signaling agent regulating a
variety of sensory, motor, and secretory functions [29]. In fact, altered serotonergic
signaling has been demonstrated in a number of FGIDs [30]. A number of pharma-
cological agents such as 5-HT3 antagonists to treat IBS-D (e.g., ramosetron, alose-
tron) and 5-HT4 agonists to treat IBS-constipation predominant (IBS-C) such as
cisapride and tegaserod are testimony to the disordered serotonergic signaling in
IBS. Higher levels of 5-HT have been shown in patients with COVID-19-associated
diarrhea as compared to COVID-19 patients without diarrhea as well as healthy
controls and may play a role in the persistent gastrointestinal symptoms after recov-
ery from COVID-19 [31].

7.2.6 Altered Gastrointestinal Permeability

The tight junction proteins including occludin, claudin, and junctional adhesion
molecules regulate intestinal permeability via the paracellular pathway and are
under the influence of a number of physiological stimuli as well as pathological
stressors [29]. Altered intestinal mucosal permeability has been demonstrated in
COVID-19 patients [32]. It has been hypothesized that altered permeability leads to
an aberrant mucosal immune response which may contribute to FGID symp-
toms [29].
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7.2.7 Involvement of Central and Peripheral Nervous System

Central hypervigilance and psychological comorbidities such as anxiety, depres-
sion, stress, and hypochondriasis are well-known risk factors for PI-IBS [13]. The
pandemic has brought with it a sense of fear, apprehension of infection, as well as
post-traumatic stress disorders among survivors and those who have suffered loss of
family members [33, 34]. Moreover, the SARS-CoV-2 has been shown to involve
the central nervous system directly as evidenced by inflammation of the olfactory
bulb, cerebrum, and brainstem [35, 36]. Not surprisingly, anosmia and ageusia
which arise due to involvement of olfactory bulb and facial and glossopharyngeal
cranial nerves, respectively, found in up to a quarter of patients with COVID-19
have been found to be associated with development of post-COVID-19 FGID [37].

7.3 Prevalence and Spectrum

As the pandemic is progressing and there is an ever-increasing pool of post-
COVID-19 survivors, our knowledge about the post-COVID-19 gastrointestinal
sequelae is also increasing.

It has been recently shown in a multicentric case-control study from our group
that at 6 months following COVID-19, IBS, dyspepsia, and their overlap develop in
5.3%, 2.1%, and 1.8% patients, respectively [37]. Presence of anosmia, ageusia,
chronic bowel dysfunction, and dyspepsia at 1 and 3 months and psychological
comorbidity were predictors for development of post-COVID-19 FGID [37]. A few
other studies have tried exploring the long-term gastrointestinal manifestations fol-
lowing COVID-19 (Table 7.2) [38-40]. In a telephonic survey of post-COVID-19
ambulatory patients 6 months after recovery, Velez et al. showed that nearly 40% of
them developed de novo gastrointestinal symptoms [40]. Of the 200 patients fol-
lowed up, 79 had post-COVID-19 gastrointestinal symptoms with the majority hav-
ing dyspepsia (29%), IBS-like symptoms (1%), and their overlap (10%) [40].
Female gender, presence of anxiety and depression, and gastrointestinal symptoms
at the time of COVID-19 were associated with development of these sequelae [40].
In another online case-control survey of COVID-19 patients and controls done
5 months post-recovery, the prevalence of Rome IV-defined IBS was similar
between cases and controls (26% vs 25%, p = 0.81); however loose stools (Bristol
>6) were more common in post-COVID-19 group (18% vs 9%, p = 0.02) as com-
pared to controls [38]. Other studies evaluating long-term gastrointestinal symp-
toms have also shown that close to 5%—-10% of patients often have persistent
symptoms in form of abdominal pain, constipation, diarrhea, and nausea at long-
term follow-up [39].

There is limited mechanistic insight into the mechanisms of these symptoms;
however mechanisms similar to PI-IBS have been invoked as discussed above.
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Table 7.2 Studies on long-term gastrointestinal manifestations of COVID-19

Journal, Sample Follow-up
Author Year Country Study design size duration Comments
Ghoshal | JGH, India, Case-control Cases: 6 months | First controlled
et al 2021 Bangladesh 280 study to use
Controls: formal
264 Rome-criteria
Blackett | NGM, USA Retrospective, | 147 106 days Abdominal pain
etal 2021 Observational (7.5%) was
most common
sequelae
followed by
constipation
(6.8%)
Noviello | NGM, | Italy Case-control Cases: 5 months | IBS (Rome IV)
etal 2021 164 was similar
Controls: between cases
183 and controls
Velez CGH, USA Retrospective, | 200 6 months | 40% patients
et al 2021 observational had new onset
symptoms.
Limitation:
Performed over
telephonic
survey with
monetary
renumeration

Abbreviations: COVID-19 coronavirus disease; JGH Journal of Gastroenterology and Hepatology;
NGM Neurogastroenterology and motility; CGH Clinical Gastroenterology and Hepatology; USA
United States of America

7.4 Management

Since data on the spectrum and mechanisms underlying the long-term gastrointesti-
nal sequelae are still emerging, there is limited insight of appropriate treatment
options. However, the treatment principles have largely been borrowed from
PI-IBS. Opiates (loperamide, diphenoxylate, and eluxadoline), 5-HT3 receptor
antagonists (ramosetron, ondansetron, and alosetron), bile acid modulators (chole-
styramine, colestipol, and colesevelam), rifaximin, probiotics (Saccharomyces bou-
lardii, Lactobacillus), and fiber supplements (polycarbophil and psyllium) have
been used empirically as for IBS-D [13]. Although 5-aminosalicylic acid (5-ASA)
and glutamine have specifically shown benefit in PI-IBS, either is yet to be tested in
patients with post-COVID-19 IBS-like symptoms [41, 42]. Visceral neuromodula-
tors like tricyclic antidepressants are often used to treat FGIDs because apart from
their central action, the anticholinergic activity helps decrease diarrhea [13].
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7.5 Conclusion

Long-term sequelae of SARS-CoV-2 infection may persist even after recovery from
COVID-19. The post COVID-19 symptom complex includes a myriad of symptoms
including persistent fatigue, brain fog, myalgia, respiratory symptoms, and gastro-
intestinal symptoms, termed “long COVID” or “long-haul COVID-19.”
Gastrointestinal symptoms in form of abdominal pain, diarrhea, constipation, dys-
pepsia, or a combination thereof may persist in 5%—10% of patients. These may
take the form of well-defined FGIDs like IBS and FD. Currently there is limited
information about the underlying mechanisms and treatment options. However, it is
hypothesized that these might be similar to post-infection FGIDs.
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Post-COVID-19 Endocrine Abnormalities 8

Alpesh Goyal and Nikhil Tandon

8.1 Introduction

The coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) has emerged as a global health chal-
lenge. The SARS-CoV-2 uses angiotensin-converting enzyme 2 (ACE2) as the
receptor to gain entry into host cells [1]. The disease manifestations, both during the
acute and post-acute phase, may extend beyond the respiratory system and involve
other systems, including the endocrine system (Table 8.1). The ACE2 receptor is
expressed by endocrine organs, including the hypothalamus and pituitary, thyroid,
pancreas, adrenals, and testes, and may result in direct gland damage [2].
Furthermore, the immunological cascade triggered by the hyper-inflammatory state
of infection may trigger autoimmunity in predisposed individuals [3]. SARS-CoV-2
vaccines, including inactivated whole-virion, viral vector, and mRNA vaccines,
have also been reported to cause endocrine adverse events (Table 8.1). In this chap-
ter, we discuss post-acute phase endocrine complications of SARS-CoV-2 infec-
tion/vaccines and their mechanisms, emphasizing the need for increased awareness
and close clinical surveillance to improve patient outcomes.
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Table 8.1 Endocrine complications reported following SARS-CoV-2 infection and vaccination

Hypothalamus and pituitary
» Hypophysitis (following infection and vaccine, both)
* Isolated central diabetes insipidus
« Isolated central hypocortisolism
* Pituitary apoplexy
Thyroid
* Subacute thyroiditis (following infection and vaccine, both)
* Graves’ disease (following infection and vaccine, both)

Pancreas
* New-onset diabetes
Adrenal
* Adrenal hemorrhage and primary adrenal insufficiency (following infection and vaccine,
both)
» Autoimmune adrenal insufficiency
Gonads
* Low serum testosterone
« Sertoli cell dysfunction and disruption of spermatogenesis

8.2  Hypothalamus and Pituitary Involvement

Hypothalamus and pituitary cells express ACE2 and are therefore potential targets
for SARS-CoV-2. In the previous SARS outbreak, Leow et al. reported SARS-
associated pituitary dysfunction in a cohort of 61 participants at 3 months following
recovery from infection [4]. The pituitary dysfunction was related to either hypoph-
ysitis or direct hypothalamic involvement and involved the hypothalamic-pituitary-
adrenal axis (24/61, 39%) more often compared to hypothalamic-pituitary-thyroid
axis (3/61, 4.9%). Wheatland proposed that both SARS and influenza viruses use
molecular mimicry of adrenocorticotrophic hormone (ACTH) as an immunoevasive
strategy to blunt host stress response (through anti-ACTH antibodies) and thus cre-
ate a state of relative adrenocortical insufficiency [5]. However, molecular mimicry
of SARS-CoV-2 and ACTH has not been reported yet.

During the acute phase of SARS-CoV-2 infection, hyperprolactinemia, hypona-
tremia related to the syndrome of inappropriate antidiuretic hormone (SIADH)
secretion, and pituitary apoplexy have been noted [2, 6]. On the other hand, hypoph-
ysitis, isolated pituitary hormone deficiency, and apoplexy can occur after recovery
from COVID-19 or after SARS-CoV-2 vaccination (Table 8.2). Nonglait et al.
reported lymphocytic adenohypophysitis in a 27-year-old male who presented 2
weeks following mild COVID-19 with hyponatremia and multiple anterior pituitary
hormone deficits [7]. Although the authors did not perform a pituitary biopsy, the
temporality of events and a known relationship between SARS-CoV-2 and pituitary
suggest that hypophysitis was related to the viral infection itself. The patient was
treated with thyroxine and therapeutic doses of oral steroids for hypophysitis.
Similarly, Misgar et al. reported a case of infundibulo-neurohypophysitis in a
60-year-old female who presented with central diabetes insipidus and had a history
of mild COVID-19 infection 8 weeks prior [8]. The patient improved
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symptomatically with oral desmopressin. Murvelashvili et al. reported a case of
acute hypophysitis in a 51-year-old male who presented with nausea, vomiting, and
abdominal pain 2 days following exposure to the second dose of SARS-CoV-2
mRNA vaccine (Moderna mRNA-1273 vaccine) [9]. The patient was treated with
thyroxine and high dose oral steroids, to which he responded symptomatically, and
a repeat imaging 1 month later revealed partial empty sella.

Isolated pituitary hormone deficiencies, namely, central diabetes insipidus and
central hypocortisolism with normal pituitary imaging, have also been reported fol-
lowing SARS-CoV-2 infection [10, 11]. Such cases need ongoing hormone replace-
ment and a close surveillance for any evolving pituitary deficits. Finally, cases of
pituitary apoplexy, an acute medical emergency caused by hemorrhage and infarc-
tion within a pituitary adenoma, often macroadenoma, have been reported both dur-
ing active infection and after recovery from acute illness [12—15]. The usual clinical
presentation is headaches, vomiting, drowsiness, blurring of vision, visual field
defects, cranial nerve palsies, and pituitary hormone deficits. Most patients can be
managed conservatively; however, those with deteriorating level of consciousness
and visual deficits need urgent neurosurgical intervention [16].

8.3  Thyroid Involvement

A variety of thyroid abnormalities have been described in the context of SARS-
CoV-2 infection (Table 8.3). Like any other acute illness, low free triiodothyronine
(T3), thyroxine (T4) and thyroid-stimulating hormone (TSH) levels, in line with
non-thyroidal illness (NTI) syndrome, have been reported in patients admitted with
COVID-19 [17, 18]. As expected, these changes resolve spontaneously in disease
survivors [18]. In the THYRCOV study, Lania et al. reported a high prevalence of
thyrotoxicosis (20.2%) among 287 patients hospitalized for COVID-19 in non-
intensive care units [19]. The presence of thyrotoxicosis was significantly associ-
ated with higher IL-6 levels. Thyrotoxicosis was mild in most cases and resolved
spontaneously during follow-up, which led authors to propose “destructive thyroid-
itis” as the causative mechanism.

A prospective evaluation of thyroid function at >3 months following the index
infection was performed in 68 subjects by Clarke et al. [20], and the authors reported
normal thyroid function in all study participants. They concluded that (a) thyroid
function is preserved in COVID-19 survivors and (b) the symptoms of fatigue com-
monly seen in the post-acute phase are not explained by thyroid dysfunction.
Similarly, in a prospective cohort study (n=240), we reported that predominant mild
and asymptomatic infection is not associated with progression of thyroid dysfunc-
tion or autoimmunity at a short-term follow-up (<1 year) [21]

There are isolated reports of subacute thyroiditis (SAT) following SARS-CoV-2
infection. SAT, also known as de Quervain thyroiditis, refers to a self-limiting
inflammation of the thyroid gland that commonly ensues following a viral upper
respiratory tract infection. This condition manifests as acute-onset neck pain, often
radiating to the jaw, associated with fever and thyrotoxicosis symptoms. An
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Table 8.3 Thyroid dysfunction in association with SARS-CoV-2 infection and vaccination

Authors

Details

Results

Conclusions

Khoo, et al. [18]

Observational
cohort study. TFTs
performed before,
during, and after
COVID-19

TSH and free T4 reduced
at COVID-19 admission,
compared to baseline, but
spontaneously recovered
on follow-up

TFT picture of
non-thyroidal illness is
seen in COVID-19.
Thyroid function
normalizes in survivors

Clarke, et al.

Prospective

Normal thyroid function

Preserved thyroid

[20] observational study. | in all patients. Levels of function in COVID-19
68 patients thyroid hormones did not | survivors. Post-
>18 years of age differ in patients with and | COVID-19 fatigue
without baseline without fatigue symptoms | symptoms are not
thyroid disease explained by thyroid
evaluated at dysfunction
>3 months
following
COVID-19
Brancatella, 18/F Both patients presented Like other viral
et al. [24] Mild COVID-19 with neck pain, fever, and | infections, SARS-CoV-2
Khatri, et al. 2 weeks before thyrotoxicosis symptoms, | can trigger subacute
[25] 41/F had enlarged, tender thyroiditis

Mild COVID-19
4 weeks before

thyroid gland on
examination; diagnosed
as subacute thyroiditis
and successfully treated
with oral steroids (cases 1
and 2) and NSAIDs (case
2)

fremli, et al.

Three female

Subacute thyroiditis,

Subacute thyroiditis may

[27] healthcare workers | successfully managed occur following
(34-37 years) with oral steroids in two SARS-CoV-2
First/second dose of | and no treatment in one vaccination. Similar
inactivated case cases have been reported
whole-virion following other
SARS-CoV-2 inactivated whole-virion
vaccine (Covaxin), viral vector
(CoronaVac) (Covishield), and mRNA
4-7 days before (Moderna and Pfizer-
BioNTech) vaccines
[28-31]
Harris, et al. 18/F Clinical and biochemical | New-onset and recurrent
[32] Mild COVID-19 thyrotoxicosis and Graves’ disease can
Montebello, 16 days before elevated TSH-R antibody | develop following
et al. [33] 22/F in both cases. History of SARS-CoV-2 infection

Mild COVID-19
8 weeks before

previous Graves’ disease
treatment in case 2
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Table 8.3 (continued)

Authors Details Results Conclusions

Sriphrapradang, | 70/M Clinical and biochemical | Graves’ disease can

et al. [34] Second dose of viral | thyrotoxicosis and develop following
vector-based elevated TSH-R antibody | SARS-CoV-2
SARS-CoV-2 vaccination. Similar
vaccine cases have been reported
(Covishield) 2 days following other
before SARS-CoV-2 vaccines

[35, 36]

Abbreviations: COVID-19 coronavirus disease 2019; F female; M male; SARS-CoV-2 severe acute
respiratory syndrome coronavirus 2; 74 thyroxine; TFT thyroid function test; 7SH thyroid-
stimulating hormone; 7SH-R thyroid-stimulating hormone receptor

enlarged, often asymmetric, and tender thyroid gland may be noted on physical
examination. Previously, influenza, mumps, adenovirus, cytomegalovirus (CMV),
rubella, and Epstein-Barr virus (EBV) have been linked to SAT [22]. SARS-CoV-2
is a new addition to this list. SAT is associated with HLA-B35, and familial occur-
rence and recurrent episodes are linked to this high-risk genotype [23]. Thus, SAT
occurs through susceptibility to viral infection in genetically predisposed individu-
als. SAT often runs a triphasic course, characterized by thyrotoxicosis with decreased
radioactiveiodine uptake, followed by hypothyroidism and, eventually, euthyroidism.

Nearly 90% of patients show complete and spontaneous recovery of thyroid
function; the remaining 10% develop permanent hypothyroidism and need long-
term replacement. Treatment is mainly symptomatic and comprises beta-blockers
for thyrotoxicosis symptoms and nonsteroidal anti-inflammatory drugs (NSAIDs)
for neck pain. A trial of oral steroids is indicated for patients with severe neck pain
or no response to NSAIDs. A suggested regimen is oral prednisolone 15-25 mg/day
for 2 weeks, followed by taper over the next 4—6 weeks. The first case of SAT fol-
lowing SARS-CoV-2 was reported by Brancatella et al. in an 18-year-old female
[24]. She presented 2 weeks following the infection with typical symptoms and was
successfully treated with a course of oral steroids. Similarly, Khatri et al. reported
post-SARS-CoV-2 SAT in a 41-year-old male who was treated successfully with
oral NSAIDs [25]. Thyroid function outcomes in patients admitted with SARS-
CoV-2-associated thyrotoxicosis, related to subacute thyroiditis, were reported in a
study by Pizzocaro et al. [26]. At a median follow-up of 90 days, thyroid function
spontaneously normalized in most (28, 97%) patients, and only 1 developed
hypothyroidism.

Similar to influenza, HINI1, and hepatitis B vaccines, different SARS-CoV-2
vaccines have been reported to trigger SAT. Cases have been reported following
exposure to inactivated whole-virion (e.g., CoronaVac (Sinovac Life Sciences) and
Covaxin (BBV152)), viral vector (e.g., Covishield (ChAdOx1 nCoV-19)), and



84 A. Goyal and N. Tandon

mRNA (e.g., Moderna mRNA-1273 and Pfizer-BioNTech (BNT162b2)) vaccines
[27-31]. In this scenario, SAT reflects postvaccination autoimmune/inflammatory
syndrome induced by adjuvants (ASIA) that occurs following exposure to vaccine
adjuvants in genetically predisposed individuals [27]. Notably, adjuvants (such as
aluminum hydroxide) are used to enhance the immunogenicity of viral antigen and
induce a better adaptive immune syndrome. Postvaccination ASIA is a well-
described entity, and other endocrinopathies previously reported under this syn-
drome include type 1 diabetes, premature ovarian failure, autoimmune thyroid
disease, and adrenal insufficiency [27].

SARS-CoV-2 infection and vaccination are also known to trigger Graves’ dis-
ease [32-36], an autoimmune form of hyperthyroidism characterized by the pres-
ence of stimulatory antibodies against TSH receptors. Clinically, this condition
manifests as goiter, hyperthyroidism, and, in some cases, infiltrative orbitopathy
and dermopathy. Graves’ disease is postulated to occur following exposure to envi-
ronmental agents in genetically predisposed individuals. The known environmental
triggers include viral infection (e.g., Coxsackie B virus), drugs (e.g., alemtuzumab,
ipilimumab), iodine, smoking, and stress. SARS-CoV-2 infection is a new addition
to this list of environmental triggers. The proposed mechanisms include (a) trigger-
ing of the immunological cascade by the severe pro-inflammatory state of infection,
(b) molecular mimicry, and (c) infection-related stress [32]. Subacute thyroiditis is
an important differential diagnosis of this condition. Prolonged duration of symp-
toms, the presence of a prominent goiter, orbitopathy/dermopathy, features of other
autoimmune disease such as vitiligo, a high T3/T4 ratio, and diffusely increased
thyroidal radioactive iodine uptake all favor the diagnosis of Graves’ disease.
Notably, the recent use of iodinated contrast agent (within the preceding 3 months)
may saturate thyroidal iodine pool and impair radioiodine uptake. A TSH-receptor
antibody test may be helpful in such cases, as in pregnancy, where radioactive iodine
scan is contraindicated. Management options include antithyroid drugs, radioactive
iodine ablation, and thyroidectomy; the reader is directed to an excellent review for
more details [37].

8.4 Endocrine Pancreatic Abnormalities

It is well known that diabetes is associated with poor COVID-19 outcomes [38].
Recent data also suggest increased susceptibility to SARS-CoV-2 infection among
persons with diabetes [39, 40]. Furthermore, SARS-CoV-2 may itself induce meta-
bolic dysfunction and new-onset diabetes (Table 8.4) [41-43]. In this regard, a
global registry of COVID-19-related diabetes has been established [44]. This regis-
try defines new-onset diabetes following COVID-19 as follows: (a) confirmed
SARS-CoV-2 infection, (b) no past history of diabetes, and (c) a previously normal
glycated hemoglobin (HbAlc) level. The precise mechanisms are unknown, but
multiple factors may contribute, including pre-existing undiagnosed diabetes,
stress-related hyperglycemia, steroid-induced hyperglycemia, and the direct/indi-
rect effects of SARS-CoV-2 on the pancreatic beta cell [41].
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Table 8.4 New-onset diabetes (NOD) in association with SARS-CoV-2 infection

Authors Details Results Conclusions
Huang, et al. | Ambidirectional cohort New-onset diabetes in Extrapulmonary
[42] study 3.3% of patients manifestations,
1733 patients admitted including diabetes may
for COVID-19 evaluated appear as a part of
at a median follow-up of post-COVID-19
6 months syndrome
Ayoubkhani, | Retrospective cohort New-onset diabetes in Same as above
et al. [43] study 4.9% of patients
47,780 patients admitted
for COVID-19 evaluated
at a mean follow-up of
140 days
Ghosh, et al. | Retrospective cohort Patients with NOD Individuals with NOD
[48] study during the pandemic had | during the pandemic
282 patients with NOD higher fasting and had more severe
before COVID-19 postprandial blood glycemic parameters at
pandemic (September glucose and glycated diagnosis; however,
2019-February 2020) hemoglobin, compared | they did not differ in
compared with 273 to those diagnosed symptomatology and
patients with NOD during | before the pandemic phenotype
the pandemic (April— No difference in
October 2020) C-peptide or glycemic
parameters in patients
with NOD during the
pandemic who tested
positive or negative for
COVID-19 antibody
Goyal, etal. | Prospective cohort study | 159 (45.2%) participants | Predominant mild/
[56] 352 participants, without | in the cohort had asymptomatic

baseline diabetes,
evaluated at two time
points: pre-COVID-19
(2016-2019) and
peri-COVID-19
(2020-2021). SARS-
CoV-2 antibody test at
the second visit to
determine infection
Glycemic progression
between visits defined as
conversion from
normoglycemia to
prediabetes/diabetes and
from prediabetes to
diabetes

SARS-CoV-2 infection.
Of these, 122 (76.7%)
had mild/asymptomatic
infection

Progression in glycemic
category not
significantly different
between the infected
and noninfected groups.
Similarly, the two
groups were not
different in terms of
progression of insulin
indices (HOMA-IR,
oDI, Matsuda index)

SARS-CoV-2 infection
was not associated with
glycemic progression
or worsening of beta
cell function and
insulin resistance

Abbreviations: COVID-19 coronavirus disease 2019; HOMA-IR homeostasis model assessment of
insulin resistance; NOD new-onset diabetes; oDI oral disposition index; SARS-CoV-2 severe acute
respiratory syndrome coronavirus 2
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In a multicenter study from London, Unsworth et al. reported an 80% increase in
new-onset type 1 diabetes during the pandemic, compared with previous years [45].
To the contrary, a study by Tittel et al., which pooled data from 216 pediatric centers
in Germany, reported no such increase [46]. Notably, both the cohorts demonstrated
an increased severity of diabetes at presentation, with significant increases in the
proportion of diabetic ketoacidosis (DKA) and severe DKA at the time of diagnosis
[45, 47]. The reasons could be multiple and include (a) delayed presentation due to
fear of contracting virus and reduced medical care for non-COVID-19 illnesses, (b)
complex psychosocial factors, and (c) SARS-CoV-2-related insulinopenia and rise
in pro-inflammatory cytokines. Similarly, a retrospective study by Ghosh et al.
found that patients with new-onset diabetes diagnosed during the pandemic had
higher fasting and postprandial blood glucose and glycated hemoglobin levels than
those diagnosed before the pandemic [48]. However, there was no difference in
C-peptide levels or glycemic parameters between seropositive and seronegative
patients diagnosed during the pandemic. Recently, there have been reports of hyper-
glycemic emergencies [DKA and hyperglycemic hyperosmolar state (HHS)] fol-
lowing COVID-19 vaccination in patients with poorly controlled type 1 and type 2
diabetes [49-53]. These events occurred within 1-6 weeks following the exposure
to various SARS-CoV-2 vaccines, including inactivated whole-virion (Covaxin
(BBV152)), viral vector (Covishield (ChAdOx1 nCoV-19)), and mRNA (e.g.,
Moderna mRNA-1273 and Pfizer-BioNTech (BNT162b2)) vaccines. It is therefore
advisable that patients with diabetes, especially those with suboptimal glycemic
control, be closely monitored for hyperglycemia and ketosis in the initial few weeks
following the vaccination [49].

Various autopsy studies have confirmed that SARS-CoV-2 infects beta cells and
leads to beta cell apoptosis, loss of insulin secretion, and transdifferentiation into
glucagon-producing alpha cells [54, 55]. However, most data on new-onset diabetes
have been derived from hospitalized patients, who often suffer from more severe
disease than those in the community. To address this lacuna, we performed a longi-
tudinal study, wherein 352 healthy participants from an established cohort were
evaluated in pre-COVID-19 (2016-2019) and peri-COVID-19 (2020-2021) periods
for progression of glycemic and cardiometabolic variables [56]. The study was per-
formed before the onset of the national vaccination program, and therefore, sero-
positivity (for SARS-CoV-2 IgG) was a surrogate for viral infection. A total of 159
(45.2%) participants had SARS-CoV-2 infection, of whom 122 (76.7%) had mild/
asymptomatic infection, representative of the real-world scenario. The progression
of glycemic categories, i.e., from normal glucose tolerance to prediabetes or diabe-
tes and from prediabetes to diabetes, was not significantly different between infected
(20.8%) and noninfected (19.7%) groups. Thus, we concluded that predominant
mild/asymptomatic infection is not associated with worsening of glycemic param-
eters and excessive development of new-onset diabetes, at least on a short-term
follow-up. More prospective studies are needed globally, involving different patient
populations and at a longer duration following the index infection to delineate the
burden and pathophysiology of SARS-CoV-2-induced new-onset diabetes. Such
data should also clarify whether new-onset diabetes is a permanent condition or not.
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Until such time, clinicians should watch for metabolic dysfunction in patients with
a history of SARS-CoV-2 infection.

8.5 Adrenal Involvement

Glucocorticoids have been widely used in COVID-19 for their anti-inflammatory
properties, especially in patients with the moderate-severe disease. In the post-acute
phase, there is always a risk for secondary adrenal insufficiency following abrupt
withdrawal or even exogenous Cushing’s syndrome following unsupervised pro-
longed use of glucocorticoids [57, 58]. The risk increases with the use of more
potent and long-acting formulations (e.g., dexamethasone, methylprednisolone, and
prednisolone in that order), a higher dose (e.g., prednisolone 40 mg/day equivalent
or more), a longer treatment duration (e.g., more than 7-14 days), and administra-
tion at a nonphysiological time of the day (e.g., evening-night, compared to
morning-afternoon hours) [57]. Primary adrenal dysfunction has been reported less
often in the context of COVID-19 (Table 8.5). In a prospective evaluation of the

Table 8.5 Adrenal dysfunction in association with SARS-CoV-2 infection and vaccination

Authors | Details Results Conclusions
Clarke, Prospective All patients had peak cortisol Preserved adrenal
et al. [20] | observational study. >450 nmol/L after Synacthen function in COVID-19
70 patients >18 years | stimulation. Levels of basal and | survivors. Post-
of age evaluated at peak cortisol did not differ in COVID-19 fatigue
>3 months following | patients with and without symptoms are not
COVID-19 fatigue symptoms explained by adrenal
dysfunction
Frankel, | 66/F Primary adrenal insufficiency Like other infections,
et al. [59] | Concurrent due to bilateral adrenal SARS-CoV-2 can
COVID-19 hemorrhage. Persistent precipitate adrenal
Known case of APLA | glucocorticoid and hemorrhage and result
syndrome mineralocorticoid requirement | in primary adrenal
4 weeks after recovery from insufficiency
infection
Taylor, 38/M Bilateral adrenal hemorrhage VITT is a rare
et al. [60] | First dose of and primary adrenal complication of
adenoviral vector insufficiency. Diagnosed as adenoviral vector-based
SARS-CoV-2 vaccine | VITT and managed accordingly | vaccines that may
(Covishield) 8 days manifest as adrenal
before hemorrhage
Sanchez, | 64/F Clinical and biochemical SARS-CoV-2 can
etal. [61] | Mild COVID-19 features of primary adrenal promote the
5 months before insufficiency. Positive anti-21 development or
hydroxylase antibodies progression of
autoimmune adrenal
insufficiency

Abbreviations: COVID-19 coronavirus disease 2019; F female; M male; SARS-CoV-2 severe acute
respiratory syndrome coronavirus 2; VITT vaccine-induced thrombosis and thrombocytopenia
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adrenal function at >3 months following the index infection, Clarke et al. reported
a peak post-Synacthen (ACTH 1-24) cortisol level > 450 nmol/L (18 pg/dL) in all
study participants (n = 70), suggestive of preserved adrenal function [20]. Moreover,
baseline or peak cortisol levels were not different in patients with and without
fatigue, confirming that adrenal dysfunction does not explain post-COVID-19
fatigue symptoms.

Isolated case reports indicate that SARS-CoV-2 may lead to the progression or
development of primary adrenal insufficiency through adrenal hemorrhage or by
inducing autoimmunity. Adrenal hemorrhage presents with nonspecific signs and
symptoms, including abdominal pain and tenderness, nausea, vomiting, fatigue,
fever, and hypotension. Pathogenesis involves increased arterial inflow during a
stressful event coupled with reduced venous drainage, resulting in vascular conges-
tion and hemorrhage. Frankel et al. reported a case of acute COVID-19 associated
with primary adrenal insufficiency and bilateral adrenal hemorrhage in a 66-year-
old female with a background history of APLA syndrome [59]. The patient recov-
ered completely from acute illness but had persistent glucocorticoid and
mineralocorticoid requirements at 4 weeks. Similarly, Taylor et al. reported a case
of bilateral adrenal hemorrhage and adrenal insufficiency in a 38-year-old male, 8
days after receiving the first dose of adenoviral vector-based SARS-CoV-2 vaccine
(Covishield (ChAdOx1 nCoV-19)) [60]. This adverse event represented a manifes-
tation of vaccine-induced thrombosis and thrombocytopenia (VITT), a prothrom-
botic syndrome with thrombocytopenia rarely reported in subjects receiving
adenoviral vector-based vaccines. Finally, Sanchez et al. reported autoimmune
adrenal insufficiency in a 64-year-old female, possibly related to mild COVID-19
she had 5 months prior [61]. Thus, although rare, clinicians should consider primary
adrenal insufficiency as a differential diagnosis in patients who present with sugges-
tive symptoms during or after the acute illness.

8.6 Gonadal Involvement

SARS-CoV-2 entry receptor, ACE2, is highly expressed in human testicular tissue,
including spermatogonia, Leydig cells, and Sertoli cells [62]. Orchitis and germ cell
damage were reported in the previous SARS outbreak [63]. In hospitalized patients
with COVID-19, a pattern of elevated luteinizing hormone (LH) and maintained
testosterone have been reported, suggestive of an early testicular dysfunction [64].
Postmortem examination of 12 patients who died of COVID-19 revealed a signifi-
cant seminiferous tubular injury, reduced Leydig cells, and interstitial inflammation
[65]. However, the SARS-CoV-2 was not detected in the testis by polymerase chain
reaction (PCR) in a majority (90%) of subjects. The mechanisms for testicular dys-
function include direct damage by the virus and inflammatory/immunological
orchitis [66].

A recent study by Moreno-Perez et al. evaluated Leydig and Sertoli cell dysfunc-
tion in a cohort of 143 males with a median age of 59 years, enrolled at 8-12 weeks
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Table 8.6 Gonadal dysfunction in association with SARS-CoV-2 infection

Authors Details Results Conclusions
Moreno- | Cross-sectional study Low testosterone in 41 (28.7%) | High prevalence of
Perez, 144 patients evaluated and Sertoli cell dysfunction in | low testosterone
etal. [67] | 8-12 weeks after recovery |25 (18.1%) participants. and Sertoli cell
from COVID-19. Of Obesity and hypokalemia were | dysfunction in
these, 72% had severe predictors of low testosterone, | severe COVID-19
pneumonia while age > 65 years predicted | survivors

Low testosterone defined | Sertoli cell dysfunction
as total testosterone
level <2 ng/ml or level
2—-4 ng/ml with free
testosterone <6.34 ng/dl.
Sertoli cell dysfunction
defined as inhibin

B < 89 pg/ml

Abbreviations: COVID-19 coronavirus disease 2019

following recovery from COVID-19 (Table 8.6) [67]. A majority of participants
(72%) had a history of severe pneumonia. “Low testosterone,” defined as total tes-
tosterone <200 ng/dL or calculated free testosterone <6.36 ng/dL in those with total
testosterone of 200—400 ng/dL, was found in 41 (28.7%) participants. Among these,
22% had high LH levels, suggestive of primary testicular dysfunction, while 78%
had low or inappropriately normal LH, suggestive of impairment of hypothalamic-
pituitary-gonadal axis. Sertoli cell dysfunction, defined as serum inhibin <89 pg/ml,
was found in 25 (18.1%) participants. The presence of obesity and hypokalemia
predicted “low testosterone,” while age >65 years was predictive of Sertoli cell
dysfunction. This study highlights a relatively high prevalence of male hypogonad-
ism in COVID-19 survivors. However, the study was limited by (a) short follow-up
duration, and therefore, it remains to be seen whether these changes are transient or
permanent, (b) inclusion of a relatively older population with higher disease sever-
ity at baseline, (c) pre-existing hypogonadism that was not excluded since pre-
COVID-19 hormonal levels were not available, (d) semen analysis that was not
performed, and (e) testosterone measurement that was not repeated and performed
using a non-mass spectrometric method. While prospective studies that address
these limitations are needed in the future, clinicians should maintain a close vigil
and consider COVID-19-induced testicular dysfunction in an appropriate clinical
scenario.

Data on SARS-CoV-2 infection and female gonadal and reproductive function
are limited. In their experiments, Goad et al. demonstrated that SARS-CoV-2 recep-
tors, ACE2, and TMPRSS2 are not expressed at significant levels in the female
reproductive tract [68]. Accordingly, it is expected that the viral infection does not
have a major impact on this organ system [69]. In a retrospective study, Li et al.
described transient menstrual changes, mainly decreased flow and increased inter-
menstrual interval, in 177 COVID-19 patients of childbearing age [70]. Notably,
menstrual cycles returned to normal within 1-2 months following discharge in 99%
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of cases. Furthermore, the mean sex hormone and AMH concentrations in such
patients were similar to those of age-matched controls.

8.7 Take-Home Message

e Endocrine abnormalities reported following COVID-19 include hypophysitis,
isolated pituitary hormone deficiency and apoplexy (hypothalamus and pitu-
itary), subacute thyroiditis and Graves’ disease (thyroid), new-onset diabetes
(pancreas), adrenal hemorrhage and primary adrenal insufficiency (adrenals),
and male hypogonadism (testis).

e Post-COVID-19 endocrinopathies often manifest within 3—6 months following
the index infection and result either from direct damage by the virus or indirect
inflammatory/immunological damage.

* Endocrine adverse events have also been reported following different SARS-
CoV-2 vaccines, including inactivated whole-virion, viral vector-based, and
mRNA vaccines.

e Vaccine-induced endocrinopathies are extremely rare and should not discourage
the general public from being vaccinated since the benefits of vaccination far
outweigh the small potential risks.

 Clinicians caring for patients with COVID-19 should suspect endocrine compli-
cations in appropriate clinical scenarios and report any new and previously
unknown manifestations.
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Renal Abnormalities Following 9
COVID-19

S. Arunkumar and Sanjay Kumar Agarwal

The ongoing COVID-19 pandemic has affected millions of lives adversely in the
last 2 years, and the future course of the pandemic remains unknown. Initially,
COVID-19 infection was thought to be an acute respiratory illness, but slowly it
became clear that it is a multi-system disease involving almost all body organs. Still
more alarming is the realization that this infection is not as “acute” only as previ-
ously believed but has lasting effects in various organ systems. Kidneys are no
exception, not only being involved during acute COVID-19 infection in multiple
ways but also are important organs, in which infection leads to chronic kidney dis-
ease with varying manifestations. This review will restrict the majority of the dis-
cussion to long-term sequelae of COVID-19 concerning kidneys.

9.1 Understanding Basic Kidney Syndrome

Before discussing long-term kidney consequences, it will be prudent to know com-
mon kidney syndromes, which will help understand kidney abnormalities following
COVID-19.

A. Acute kidney injury: This is defined as a recent onset of renal dysfunction mani-
fested by an elevation of serum creatinine; therefore fall in estimated glomerular
filtration rate (eGFR) with or without oliguria, and patients may recover in more
than 80-90% of cases. However, approximately 10-20% of patients with severe
acute kidney injury (AKI) remain at risk of developing chronic kidney disease
(CKD) [1].

B. Chronic kidney disease: It is defined as evidence of renal disease present for
>3 months with or without decrease in eGFR <60 ml/min. Evidence of a renal
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disease is usually in the form of abnormal urinary protein loss of >30 mg/day,
urinary sediment anomalies (RBC, WBC, casts, etc.), and/or radiological renal
abnormality [2]. Once correctly diagnosed, CKD does not recover and tends to
progress to more advanced kidney disease, a stage called end-stage kidney dis-
ease (ESKD). At the ESKD, the patient cannot be managed with only medical
treatment and will need renal replacement therapy (RRT) in the form of dialysis
and/or renal transplant.

Glomerular diseases: Many renal diseases involve the glomerulus and are
grouped under the heading glomerular diseases. The two most important criteria
for defining glomerular diseases are significant proteinuria (> 1.0 g/day) and
glomerular hematuria (dysmorphic RBCs and/or RBC casts). Based upon the
degree of proteinuria, kidney dysfunction, and rapidity of onset of disease, the
glomerular diseases are subdivided into clinical syndromes such as acute glo-
merulonephritis (AGN), nephrotic syndrome (NS), acute nephritic syndrome,
rapidly progressive GN (RPGN), chronic glomerulonephritis (CGN), and
asymptomatic urinary abnormalities (AUA).

Hypertension: Most (around 90%) patients of hypertension in the community
are primary hypertension, but among the 10% cases of secondary hypertension,
kidney diseases remain the most common cause.

9.2 Renal Diseases and COVID-19

Kid

ney diseases are important risk factors for acquiring COVID-19 infection

because of kidney patients’ immunocompromised status, which may be due to the
intake of immunosuppressive drugs or the intrinsic nature of their disease condition.
The following broad category of patients concerning kidney disease may get
COVID-19 infection:

1. A healthy person with normal kidney functions
2. Patients with kidney diseases on immunosuppression
¢ Kidney disease patients on immunosuppressive medication
* Kidney transplant patients
3. Patients with pre-existing CKD
e CKD of varying severity and varying etiology
¢ Kidney transplant patients with graft dysfunction
4. Patients on dialysis: peritoneal dialysis or hemodialysis

9.3

Acute COVID-19 and Kidney Involvement

Kidney involvement in COVID-19 can range from asymptomatic urinary abnor-
malities, including varying degrees of proteinuria and hematuria, to kidney dysfunc-

tion

presenting as AKI, which may require RRT in selected cases. AKI affects
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around 20-40% of critically ill COVID-19 patients. Renal replacement therapy dur-
ing hospitalization is required in 5-10% of all COVID-19 patients and for 20-30%
of those who are critically ill [3]. In a recently published meta-analysis, the pooled
prevalence of AKI among all hospitalized COVID-19 patients was 28%, with 9%
requiring RRT [3]. Patients of COVID-19 with AKI have a significantly worse out-
come when compared to patients without AKI. Proteinuria is common in COVID-19
even without renal dysfunction and often remits spontaneously in a few weeks fol-
lowing clinical recovery. During the acute stage, proteinuria has been reported in
28-84% of COVID-19 patients [4]. The degree of proteinuria may vary depending
on the type of glomerular involvement. Most patients have low-grade proteinuria,
which can be explained due to defective reabsorption of filtered proteins seen with
acute tubular injury.

Almost all cohort studies, systematic reviews, and meta-analyses have uniformly
shown that CKD patients are more prone to develop severe complications of
COVID-19 [5]. Apart from the chronic disease itself, the immunological state of
CKD patients predisposes them to severe COVID-19. One meta-analysis with 1389
COVID-19-infected patients reported 3.03 times increased odds of developing the
severe disease among CKD patients. Hypertension and diabetes mellitus per se are
also associated with severe COVID-19 and being common causes of CKD in the
general population; these comorbidities in tandem increase the risk of severe
COVID-19 multifold [6]. Severe COVID-19 infection, in turn, has an adverse
impact on the kidneys and worsens CKD progression.

9.4 COVID-19 and Kidneys: Pathophysiology
and Development of Long COVID

Renal insult due to COVID-19 is multifactorial (Fig. 9.1). Severe infection and criti-
cal illness accompanying hemodynamic compromise can lead to renal dysfunction
similar to that in other infections. Biopsy studies, including multiple postmortem
biopsy studies, have shown acute tubular injury (ATI) as the most common histo-
logical pattern. This is followed by thrombotic microangiopathy, collapsing glo-
merulopathy, podocytopathy, and vasculitis-like features [7]. Though not conclusive,
the SARS-CoV-2 has been demonstrated in renal biopsies, and direct viral infection
is also attributed as a cause of renal injury [8]. Case reports of glomerular diseases
associated with COVID-19 have been reported, but it would not be possible to attri-
bute causation [8]. A predilection for collapsing glomerulopathy, referred to as
COVAN (COVID-19-associated nephropathy) in patients with APOL1 genotype,
requires further characterization. The glomerular involvement with or without
podocytopathy explains the proteinuria seen in COVID-19 patients.
Post-infectious syndromes and sequelae are known with several viruses such as
cytomegalovirus (CMV), Ebstein-Barr virus (EBV), chikungunya, and Coxsackie
virus. Chronic fatigue syndrome, neuropsychiatric manifestations, and somatic
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Fig. 9.1 Pathophysiology and interplay between COVID-19 and the kidney. Footnote: AKI acute
kidney injury; ARDS acute respiratory distress syndrome; CKD chronic kidney disease; ESRD
end-stage renal disease; TMA thrombotic microangiopathy

symptoms are common with these post-viral syndromes. This explains the biologi-
cal plausibility of post-COVID-19 syndrome. A dysregulated immune system,
severity of the acute infection, especially in the presence of comorbid illnesses,
explains the severe manifestations and delayed/incomplete recovery seen in long
COVID. Persistent renal inflammation triggers pro-fibrotic signaling and, thereby,
progressive CKD is seen in a subset of long COVID patients.

9.5 Long COVID and Kidneys

Several studies have proposed the possible pathophysiologic mechanisms, direct
and indirect mechanisms of nephrotoxicity, and patient outcomes in COVID-19 in
these last 2 years. The primary focus of COVID-19 research after the peak
COVID-19 waves has been on the long-term medical complications and sequelae of
COVID-19 on multiple organ systems commonly referred to as “long COVID-19
syndrome” or “post-COVID-19 syndrome” or “post-acute sequelae of SARS-CoV-2
infection” (PASC) [9]. Long COVID is a continuum of acute illness pathogenesis
(Fig. 9.2). Although up to 55 long-term effects involving almost all organ systems
have been described following COVID-19 infection, renal sequelae are often more
demanding with regard to the burden on healthcare resources and require special
attention [10].
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Fig.9.2 Evolutionary phases of COVID-19 infection

Fig. 9.3 Risk factors for kidney involvement in long COVID. Footnote: APOLI apolipoprotein
L1; CHF congestive heart failure; CKD chronic kidney disease; DKK-3 Dickkopf-3; ICU intensive
care unit; RRT, renal replacement therapy

9.6 Risk Factors for Kidney Involvement in Long COVID

Not all patients who develop COVID-19 develop long-term complications. From
the literature available, it appears that the risk of developing long COVID may
depend on the severity of the acute illness and the presence of pre-existing renal
disease. Though an in-depth assessment of the risk factors predisposing to long
COVID involvement of the kidneys is not yet available, there are a few patient-
related and disease-related risk factors that confer a higher risk for long COVID
(Fig. 9.3).
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9.7 Prevalence

The prevalence of long COVID is yet to be conclusively determined as several long-
term studies on COVID-19 survivors are ongoing across multiple centers in the
world. Moreover, the lack of clear diagnostic criteria for long COVID makes it dif-
ficult to diagnose this condition confidently and, hence, difficult to estimate its true
prevalence.

Most follow-up studies showed a higher risk of persisting/new-onset renal dys-
function in COVID-19 survivors. Even patients with no evidence of AKI during the
acute phase of hospitalization have reduced eGFR at 6 months of follow-up [11].
Though this can partly be explained due to the fallacies of using serum creatinine, it
warrants further follow-up. Some reports, however, suggest a course similar to other
influenza-like illnesses with good renal recovery in the majority of patients [12, 13].
The incidence of renal dysfunction was reported to be about 4% in the COVERSCAN
cohort, a population in the UK deemed to be at low risk of COVID-19 mortality,
with only 19% hospitalization rates [14]. A summary of the significant findings of
renal outcomes is given in Table 9.1. There are no follow-up studies on proteinuria
except one, wherein it was shown that proteinuria resolved in two-thirds of all
patients by a median of 12 days, thereby suggesting a transient process [15].

Table 9.1 Renal outcomes of COVID-19 in various studies

SN| Yr. Journal Author Subjects Renal outcomes on follow-up
1 12021 |JASN Bowe et al. 89,216 US veterans | * AKI HR 1.94 (1.86-2.04)
[16] (COVID-19 * eGFR decline >30% HR 1.25
survivors) (1.14-1.37)
¢ eGFR decline >50% HR 1.62
(1.51-1.74)

« ESKD HR 2.96 (2.49-3.51)
2 2021 |JAMA | Nugentetal. | =182 COVID-19 COVID-19 AKI — decreased

[17] AKI kidney recovery
=1430 non- On follow-up HR 0.57
COVID-19 AKI (0.35-0.92)
3 12021 | The Huangetal. | 1733 * 35% had low eGFR at
Lancet [11] 6 months of follow-up
* 13% had new-onset renal
dysfunction
4 12021 | JAMA Morinetal. | 478; 95 had AKI 2 patients had CKD at 4-month
[13] follow-up
5 12021 BMJ Dennis etal. | 201 4% had mild renal involvement
Open [14] on follow-up

HR hazard ratio
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9.8 Manifestations of Long COVID in Kidneys
The various long-term manifestations in the kidneys following COVID-19 are:

1. Chronic kidney disease—As discussed above, both new-onset and pre-existing
CKD present as CKD. CKD patients and critically ill patients who received dial-
ysis during acute COVID-19 have a higher probability of rapid progression to
ESKD and need life-long renal replacement therapy. The various complications
can be grouped under:

(a) New-onset CKD
(b) Progression of pre-existing CKD to advanced stages of CKD
(c) End-stage kidney disease (ESKD)

2. Glomerular disease—Proteinuria is commonly reported in COVID-19-affected
patients during the acute phase. In most cases, proteinuria is transient due to
acute illness and cannot be solely attributed to SARS-CoV-2. Significant and
persistent proteinuria is seen when the glomerular filtration barrier is affected
and can be due to podocytopathy, COVAN (especially in African Americans with
APOLL1 genotype), and also thrombotic microangiopathy [4].

3. Case reports of ANCA vasculitis, IgA vasculitis, lupus, and anti-GBM disease in
patients with COVID-19—These are less likely to remit unless treated with
directed immunosuppressive therapies and may progress to CKD [8].

9.9 COVID-19 and Renal Transplantation

Renal transplant recipients constitute a distinctive group of kidney patients who
need long-term immunosuppression for stable kidney function. This makes them
predisposed to COVID-19 (and severe COVID-19). The lack of a specific antiviral
therapy necessitated multiple therapies like hydroxychloroquine, ivermectin, rem-
desivir, tocilizumab, and protease inhibitors-based anti-retroviral therapies (lopina-
vir/ritonavir) in the management of COVID-19 [18]. Remdesivir has been used
successfully in transplant recipients without significant adverse effects [19]. Apart
from the uncertain efficacy, the use of protease inhibitors which inhibit CYP3A
metabolism results in significant calcineurin inhibitor (tacrolimus and cyclosporine)
toxicity and precludes their use in transplant recipients [18]. Considering their
immunosuppressed state with multiple comorbidities, they are expected to have
delayed recovery after COVID-19. In one study involving transplant recipients,
only 11.53% of COVID-19 survivors were free of clinical symptoms or laboratory
abnormality during routine follow-up evaluation [20]. Also, these abnormalities
depend on a history of hospitalization, presence of diabetes mellitus, and degree of
renal function (eGFR) in the post-COVID-19 period in these patients. The coagula-
tion abnormalities, in particular, were more frequent in these patients.
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In addition to the above mentioned clinical outcomes, immunological outcomes
are of particular concern in this patient population. COVID-19 infection necessi-
tates modification of maintenance immunosuppressive regimen in most transplant
recipients. This increases the risk of organ rejection. Furthermore, change in immu-
noreactivity against alloantigens due to SARS-CoV-2 and persistent immunoreac-
tivity to the virus during follow-up is reported. The B-cell and T-cell response to
antigens and immunosuppressive drugs after COVID-19 is unclear. The clinical
implications of these findings about the risk of graft rejection and/or future risk of
malignancy as seen with other immunomodulatory viruses like CMV, EBV, or BKV
needs to be evaluated on follow-up.

9.10 Screening

All patients who have recovered from COVID-19 need to be evaluated post-
discharge for features of long COVID. An ideal post-COVID-19 care clinic needs
multidisciplinary collaboration between pulmonologists, general physicians, phys-
iotherapists, specialist nurses, psychological counselors, researchers, and support
groups to ensure complete recovery. One such initiative which has shown positive
results is the RECOVERY program, a comprehensive post-COVID-19 center at
Yale [21]. In resource-limited settings, teleconsultation can be done for recovered
patients to identify those at risk for long COVID, and those patients can be subse-
quently evaluated in detail in the clinic. General screening of all recovered patients
should include a blood pressure measurement and blood sugar estimation. New-
onset hypertension and diabetes have also been reported in COVID-19 survivors,
and these, in turn, increase the risk for progressive CKD [22, 23].

For patients with suspected kidney involvement, the following investigations are
suggested:

. Urine routine and microscopy

. Blood urea and serum creatinine
. Urine protein/creatinine ratio

. Hemogram

. Ultrasonography of kidneys

[ I SN I \R

All patients with new-onset renal dysfunction and progressive CKD need to be
evaluated to rule out other common causes of worsening renal function. If clinically
indicated, an autoimmune workup, serum protein electrophoresis, urine sediment
evaluation, and advanced imaging studies must be performed.

Standard renal function tests are considered late markers and are deranged only
after the injury is established. The search for renal troponin has been ongoing for
decades. Tubular injury is most common in COVID-19, and tubular biomarkers
have been evaluated for this purpose. One such marker, Dickkopf-3 (DKK-3), when
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expressed, increases the risk of tubulointerstitial fibrosis. Following tubular injury,
urinary DKK-3 and interleukin-6 (IL-6) increase in the acute phase due to tubular
injury and inflammation. Studies have shown that if they remain elevated at 6
months, or demonstrate a biphasic increase after the initial fall in levels, this indi-
cates fibroblast activation, abnormal cytokine signaling, and propensity to progres-
sive fibrosis [24]. Larger prospective studies of biomarkers are needed to understand
their role in monitoring the AKI-CKD transition in COVID-19 survivors.

9.11 Management

The natural history of long COVID is still largely unknown. Also, with no known
preventive drugs and/or strategies for long COVID, optimal medical management
remains the only option. Because of limited evidence, definitive management rec-
ommendations have not been published. Most of the management protocols rely on
local clinical experience and prior data from influenza-like illnesses and consensus
guidelines. Renal function tests of COVID-19 survivors have to be monitored peri-
odically after recovery. Any patient with a rapid progression, defined as a yearly
eGFR decrease >5 mL/min/1.73m?, will need re-evaluation for other confounding
factors. If there are no other apparent causes, general management of CKD is to be
done. A comprehensive renal care plan consisting of regular monitoring of renal
function in consultation with the nephrologist is essential.

Medical management is the cornerstone of therapy in CKD patients. Apart from
COVID-19-related inflammation, multiple factors may affect kidney disease pro-
gression [25]. Blood pressure and glycemic control have to be ensured to slow down
the progression of kidney failure. Though there were initial speculations about the
harmful effects of angiotensin-converting enzyme inhibitors (ACEi) in COVID-19
patients, subsequent well-conducted randomized studies have failed to show any
risk of adverse effects with the use of these drugs. ACEi and angiotensin receptor
blockers (ARBs) remain the drug of choice for the management of hypertension
with appropriate monitoring for hyperkalemia. The utility of steroids, anticoagu-
lants, and/or other drugs in long COVID is being evaluated in multiple prospective
and randomized trials worldwide.

Complications of kidney disease are often evident after stage 3 CKD and neces-
sitate specific therapy. Management of anemia with iron supplementation and
erythropoietin-stimulating agents (if hemoglobin <10 g/dL), bicarbonate supple-
mentation for acidosis, and vitamin D therapy for mineral bone disease need to be
optimized. Dialysis access planning in advanced CKD (stage 4/5) should be done.
Patients with CKD are more susceptible to cardiovascular diseases. COVID-19 sur-
vivors also have an increased risk of cardiovascular disease. Therefore the risk fac-
tors are additive and a comprehensive cardiovascular assessment has to be
performed.
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9.12 Conclusion

Renal involvement in COVID-19 has been recognized from the beginning of the
pandemic and our understanding has evolved significantly. Nevertheless, further
research is required to identify potential modifying factors, genetic predisposition
as in APOL1 genotype, biomarkers to detect and monitor the renal injury, and
disease-modifying therapy for COVID-19. Collaborative studies like the National
COVID Cohort Collaborative (N3C) will help us to evaluate the long-term clinical
consequences comprehensively and generate COVID-19 analytics for better
informed patient care and follow-up [26]. Comprehensive post-COVID-19 pro-
grams and clinics will play an important role not only for patient care but also to
carry out research that will help us better manage COVID-19 survivors. As our
understanding of COVID-19 evolves, our management plan for post-COVID-19
survivors is bound to change with time.

9.13 Take-Home Points

* Kidney patients are more susceptible to acquiring COVID-19 infection and
developing severe illness.

* Case definition of long COVID-19 syndrome requires standardization to allow
valid diagnosis and establish management strategies.

e Long-COVID in kidneys can manifest as CKD, ESRD, or glomerular disease.

e Patients with severe COVID-19, AKI, and/or proteinuria during acute COVID-19
and patients with CKD who had COVID-19 need regular monitoring of renal
function after discharge.

* Any new, persistent, or progressive renal dysfunction/proteinuria needs assess-
ment by a nephrologist.

* General management of hypertension, diabetes, and CKD with closer follow-up
for those with ongoing renal issues is paramount.
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10.1 Introduction

Otorhinolaryngologic (ENT) manifestations have been recognized as salient fea-
tures of SARS-CoV-2 infection since the beginning of the COVID-19 pandemic [1].
These symptoms from the upper aerodigestive tract were predominant in the subset
of COVID-19 patients presenting with mild to moderate symptomatology [2]. In a
large study performed on 225 patients affected with mild COVID-19 from a tertiary
care center in India, at least 1 ENT symptom was identified in 62.2% of the study
population [2]. The most commonly reported symptom was odynophagia (63.5%)
followed by smell and taste disturbances (20% overall and 46.8% of ENT manifes-
tations). These results were comparable with the outcomes reported in a recently
concluded systematic review and meta-analysis [3].

As the pandemic evolved, it was observed that certain ENT manifestations per-
sisted even after a patient was deemed to have been cured of COVID-19 [4, 5].
These manifestations, therefore, fall under the spectrum of post-COVID-19
sequelae, if duration of symptoms persists beyond 12 weeks from the diagnosis of
COVID-19 [6]. Certain upper aerodigestive tract symptoms also emerged in patients
following COVID-19 recovery that could be attributed to therapeutic interventions
directed toward COVID-19 or immunological origin secondary to COVID-19 rather
than a true manifestation of post-COVID-19 sequelae [7-9]. Figure 10.1 depicts the
wide array of ENT manifestations reported in literature persisting beyond the diag-
nosis of COVID-19. This chapter will discuss the ENT manifestations in light of
post-COVID-19 sequelae emphasizing pathophysiology and evidence-based
management.
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Fig. 10.1 Spectrum of ENT manifestations described in association with post-COVID-19
sequelae

10.2 Smell and Taste Disturbances
10.2.1 Epidemiology

Gustatory and olfactory disturbances have long been recognized as sequelae of viral
illness. The viruses implicated include rhinovirus, parainfluenza virus, and Epstein-
Barr virus [10, 11]. Anosmia (complete loss of smell) has a reported incidence of
1% globally [12]. Of these, post-infectious olfactory dysfunction (PIOD) accounts
for 11% of the cases and 20-30% in high-volume referral centers [12—14].
COVID-19 as a contributor to PIOD revealed some interesting characteristics.
Various degrees of smell and taste disturbances have been reported during the
course of the illness. In a large multicentric European study involving patients with
mild to moderate symptomatology, smell and taste disturbances were reported in
85.6% and 88%, respectively [15]. A systematic review and meta-analysis investi-
gating possible ethnic differences in the smell and taste disturbances revealed a
pooled incidence rate of 47.4% for combined olfactory and taste disturbance [16].
This study identified lower incidence rates in studies reported from Asia (17.7%)
compared to Europe (54.8%). Apart from contributing to chemosensory loss in a
large proportion of individuals, olfactory and gustatory disturbances were noted to
be the sentinel symptom in 25% of patients in the study performed by Kaye et al.
using the “Anosmia Reporting Tool” [17]. Studies using patient-reported outcomes
and questionnaires reported lower incidence rates than studies utilizing objective
smell identification tools as the former was prone to recall bias [16]. Given the dis-
ease burden of COVID-19 infectivity and the preponderance of chemosensory dys-
function in infected individuals, an estimated incidence of 20 million individuals
has been drawn to have perceived some degree of chemosensory dysfunction [18].
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10.2.2 Natural History of COVID-19 Chemosensory Dysfunction

In the multicentric European study, the overall early recovery rate was to the tune of
44% [15]. Of all affected persons, 72.6% recovered their smell and taste disturbance
within 8 days. In the study conducted on mild COVID-19 patients from India, 96%
of patients had recovered completely at 4 weeks [2]. These studies reflect the overall
reversibility and excellent prognosis of COVID-19 chemosensory dysfunction.
There is a lack of evidence about the true incidence of long-standing PIOD follow-
ing COVID-19. Vaira and colleagues prospectively evaluated 138 patients diag-
nosed with COVID-19 to elucidate long-term recovery rates of chemosensory
dysfunction [19]. They found that 7.2% of patients had persistent severe PIOD
60 days from the day of diagnosis of COVID-19. Continued dysfunction for smell
at 20 days and continued taste dysfunction at 10 days were risk factors for persistent
PIOD. This provided an insight into the possibility of initiating therapeutic strate-
gies during this critical window period.

10.2.3 Reinfection Anosmia

Lechien et al. have reported two cases of chemosensory dysfunction occurring in
the reinfection to COVID-19 setting in individuals who had previously experienced
similar dysfunction and had fully recovered from it [20].

Favorable indicators toward the recovery of long-standing chemosensory dys-
function include the following:

(a) The appearance of parosmia [21].
(b) Olfactory bulb (OB) volume determined on coronal T2-weighted MRI reveal-
ing a volume of 40 cc for one olfactory bulb is generally indicative of recov-

ery [22].

10.2.4 Pathophysiology

1. Obstruction of nasal airflow: This theory is the most frequent explanation for
non-COVID-19 PIOD, especially during the acute phase of viral infection [10].
Viruses causing upper respiratory tract infection typically induce inflammation
and edema of the nasal mucosa resulting in obstruction to transport of odorants
to the olfactory epithelium. This variety of PIOD reverses as and when inflam-
mation subsides. This mechanism is unlikely to be the basis for the widely
reported COVID-19-induced PIOD because symptoms of nasal mucosal inflam-
mation are infrequent in COVID-19 [23].

2. Virus-induced destruction of olfactory neuron and epithelium: This theory again
explains PIOD in the non-COVID-19 settings, especially those cases where
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Fig. 10.2 Schematic representation of mechanism behind virus-induced chemosensory
disturbance

there is permanent chemosensory dysfunction (Fig. 10.2). Histopathological

studies and animal models have provided great insight into the pathophysiology

of virus-induced PIOD:

(a) There is ultrastructural evidence of direct neuronal injury induced by a viral
infection, in the form of partial loss of neurons, disorganized epithelium
with reduced olfactory receptor cells, nerve bundles, and squamous meta-
plasia [24].

(b) There is inadequate number of neurons that reach the epithelial surface,
thereby not coming in contact with the odor stimulant [25].

(c) In a mouse model of COVID-19, extensive damage of olfactory epithelium
was identified by Bryche et al. This resulted in the exposure of olfactory
neurons. The virus could be isolated from the epithelium at day 2 and the
viral load gradually reduced till day 4. However, the virus could not be dem-
onstrated in the olfactory bulb or cortex [26].

Though this theory holds for non-COVID-19 PIOD, its relevance in
COVID-19-induced PIOD is questionable. This is due to the absence of ACE-2
and TMPRSS?2 receptors in olfactory neurons. The presence of these receptors
serves as portals for the entry of SARS-CoV-2 [27].

3. Virus-induced damage of sustentacular cells in the olfactory epithelium:

Unlike olfactory neurons, the sustentacular cells in the olfactory epithelium har-

bor ACE-2 and TMPRSS2 receptors. Bilinska et al. have proposed the mecha-

nism for COVID-19-induced PIOD resulting from virus-induced destruction of

sustentacular cells [27].

10.2.5 Diagnostic Work-Up

Detailed evaluation protocol is available in Table 10.1.
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Table 10.1 Suggested work-up for post-infectious olfactory disturbance

Work-up strategy

Description

History

* Detailed history: onset, duration; specifics of impairment,
qualitative or quantitative, accompanying gustatory impairment,
effect on quality of life

« Identify red flags: neurological symptoms, unilateral nasal
obstruction, persistent headache, weight loss

ENT examination

* Endoscopic evaluation: rigid or flexible endoscope

* Visualize olfactory cleft

« Identify inflammatory conditions

* Identify space-occupying lesions obstructing airflow toward
olfactory cleft

Imaging * NCCT PNS: opacification of olfactory cleft. Rule out inflammatory
and neoplastic conditions
* MRI brain and PNS: T2-weighted sequence to evaluate olfactory
bulb area (volume, sulcus depth). Volumetric assessment of
olfactory eloquent areas
Olfactory testing

Subjective patient-
reported outcomes

» Examples: visual analogue scale, questionnaire for olfactory
dysfunction

* To be used in conjunction with objective testing

* Ideal for monitoring response to intervention

Psychophysical testing

Components of olfactory testing:

* Odor threshold: lowest concentration of the odorant perceived by
the patient. Does not require odor identification

* Odor discrimination: ability to differentiate between the odors

* Odor identification: ability to correctly name the odorant being
presented

Commercially available kits:

* Sniffin” Sticks test

» Smell diskettes

» UPSIT (University of Pennsylvania Smell Identification Test)

 Connecticut Chemosensory Clinical Research Centre Test

* Toyota and Takagi olfactometer

e U-Sniff

 European retronasal test

Objective functional
testing

« Olfactory event-related potentials
 Functional MRI

Essential components of diagnostic work-up include [18]:

* Nasal endoscopy: Conductive pathologies impairing nasal airflow in the region
of the olfactory cleft need to be ruled out before diagnosing PIOD.

* Subjective patient-reported questionnaires: Table 10.1 enumerates the various
validated structured patient-reported questionnaires available for olfactory and
gustatory function evaluation.

e Psychophysical testing: This involves presenting an olfactory stimulant and
recording the patient’s outcome. A detailed description of psychophysical testing
is provided in Table 10.1. The integral components include:
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— Odor threshold
— Odor discrimination
— Odor identification
e Electrophysiology: This involves presenting odor stimuli and recording event
potentials from recording electrodes placed in the olfactory epithelium
(electro-olfactogram).
e Imaging: T2-weighted coronal MRI of the paranasal sinus and brain should be
performed to evaluate the following parameters:
— Olfactory bulb volume
— Olfactory sulcus depth
— Volumetric assessment of olfactory eloquent regions of the brain
— To identify pathologies interfering with airflow to the olfactory cleft: polyp,
septal deviation, space-occupying lesions, chronic rhinosinusitis, and turbi-
nate hypertrophy

In non-contrast CT of paranasal sinuses, opacification of olfactory cleft also cor-
relates well with olfactory disturbance post-COVID-19 [28].

Functional MRI: This modality provides a dynamic assessment of olfaction-
associated cortical activity. fMRI facility is not easily available, and hence, the use
of this modality should be restricted to clinical trials and research purposes.

10.2.6 Management

Table 10.2 summarizes the various therapeutic interventions reported in the litera-
ture for COVID-19-induced chemosensory dysfunction.

The Cochrane Library has initiated a live systematic review and meta-analysis to
identify randomized trials for the prevention of COVID-19-induced prolonged
PIOD [29] and has identified only one randomized controlled trial. Abdelalim et al.
randomized patients with less than 4 weeks of olfactory disturbance to receive either
topical nasal corticosteroids (mometasone furoate) or no treatment (both groups
received additional olfactory training) [30]. No statistically significant difference
was noted between the two groups on serial follow-up. The authors concluded the
lack of superiority of topical steroid therapy over and above olfactory training.

10.2.7 Olfactory Training

Olfactory training involves regular presentation of standardized formulation of
olfactory stimulants to the participants, who in turn are encouraged to focus on the
memory of the odor being presented. Presumed mechanisms of action include reor-
ganization of the olfactory epithelium, olfactory bulb, and neural olfactory path-
way [29].
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Table 10.2 Summary of potential therapeutic options for COVID-19-induced PIOD

Treatment strategy

Salient features

Conservative
management

* One-third of patients with PIOD recover spontaneously
Rate of recovery: degree of initial loss, patient age, and duration of loss

Smoking cessation

Degree of olfactory dysfunction is greater with ongoing smoking.
Therefore, smoking cessation should be encouraged

Olfactory training

Robust evidence available favoring olfactory training strategies in
recovery of PIOD

Corticosteroids

* Poor quality of evidence in non-COVID-19 PIOD

* No consensus on oral versus intranasal steroid, dose, and frequency of
administration

Paucity of evidence in COVID-19-associated PIOD. Individualized

risk-benefit assessment should be taken into consideration prior to

initiating oral steroids

* Intranasal steroid administered by Kaiteki technique improves
bioavailability at the level of olfactory cleft

Theophylline

* Inhibit phosphodiesterase and increase cyclic AMP
* Assists in neuroepithelium regeneration
* Existing evidence insufficient to guide its use in PIOD

Sodium citrate

* Intranasal route

* Ability to sequester calcium ions, reducing free mucosal calcium,
inhibiting negative feedback loop, and increasing sensitivity to
odorant

* Mixed results in its efficacy in non-COVID-19 PIOD

N-methyl-D-
aspartate antagonist

* Caroverine

* Inhibiting olfactory bulb feedback mechanism

* Requires well-designed RCT to determine efficacy in COVID-19
PIOD

Alpha lipoic acid

* Stimulates expression of nerve growth factors: substance P,
neuropeptide Y

 Neuroprotective effect

* Moderate improvement in olfaction in non-COVID-19 PIOD

Vitamin A

* Regeneration of neuroepithelium
* Studies have explored systemic as well as intranasal vitamin A

Minocycline

* Anti-apoptotic agent
* No proven benefit in PIOD

Zinc sulfate

No available evidence favoring the use of zinc sulfate in improving
olfactory function in PIOD

1. Classic Olfactory Training: This therapy involves 5-min exposure of four odor-
ants twice a day: phenyl ethyl alcohol, eucalyptol, citronella, and eugenol. The
duration of therapy is for 12 weeks.

2. Modified Olfactory Training: This variant of olfactory training is divided into
three parts, each consisting of 12 weeks of therapy as described above:

12 weeks: Twice a day 5-min exposure of phenyl ethyl alcohol, eucalyptol,
citronella, and eugenol

12 weeks: The above regime is followed by another 2 weeks of therapy with
5 min twice a day exposure of menthol, thyme, tangerine, and jasmine.
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12 weeks: The last 12 weeks comprise exposure to green tea, bergamot, rose-
mary, and gardenia

Pekala et al. and Sorokowska et al. have independently demonstrated the benefit
of the above intervention in the pre-COVID-19 era by their systematic review and
meta-analysis [31, 32].

10.2.8 Role of Steroids

In a recently concluded review, significant heterogeneity was noted in studies evalu-
ating the role of steroids in PIOD in terms of formulation, route of administration,
and dosage [18]. The action of steroids in PIOD is mainly in reducing the inflamma-
tory component of olfactory dysfunction rather than any beneficial effect on the
olfactory neuroepithelium [18]. At present, there is no clarity whether oral or topical
formulation should be preferred in the case of post-COVID-19 PIOD. The other
issue plaguing the studies conducted on the role of steroids in COVID-19 PIOD is
the confounding factor of rampant steroid administration in cases of moderate to
severe COVID-19 as well as in post-COVID-19 sequelae. Currently, there is no
robust indicator to administer oral corticosteroids for chemosensory dysfunction
following COVID-19. Many studies have revealed the promising role of topical
steroids, provided they are administered accurately to deliver the drug to the olfac-
tory cleft [33, 34]. Kaiteki position has been advocated for improving the bioavail-
ability of topical steroids at the level of the olfactory cleft [35]. This involves lying
down on one side with the extension of the chin and neck in an upward direction.
Kaiteki position increases steroid availability to olfactory cleft by 96% in the decon-
gested nose and 75% in the non-decongested nose [35].

10.3 Phantosmia

Phantosmia or olfactory hallucination has been described in the background of
COVID-19. Compared to the chemosensory dysfunction described above, reports of
phantosmia are restricted to anecdotal reports [36].

10.4 COVID-19-Associated Rhino-Orbito-Cerebral
Mucormycosis (CAROM)

10.4.1 Etiopathogenesis

The causative agent behind the pathogenesis of acute invasive fungal sinusitis
belongs to the order Mucorales, followed by Aspergillus species. The species most
commonly isolated is Rhizopus oryzae. The other less commonly reported species
include Mucor, Absidia, and Cunninghamella [37]. These fungal pathogens are
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ubiquitous in the environment and result in fulminant sinusitis in a susceptible host
in the presence of suitable environmental conditions favoring its growth (tropical
climate and high humidity) [38]. The host factors responsible for the development
of acute invasive mucormycosis are as follows [39]:

e Uncontrolled diabetes mellitus

e Steroid use

e Post-organ transplant immunosuppression
e Retroviral disease

e Hematological malignancy

e Malnutrition

* Severe burns

e Long-term chemotherapy

The hallmark clinical features of acute invasive rhino-orbito-cerebral mucormy-
cosis (ROCM) have been described by Smith and Kirchner et al. in 1950 [40]
(Fig. 10.3):

e Black, necrotic turbinate associated with nasal crusting and blood-tinged nasal
discharge

e Characteristic facial pain with or without paresthesia along the second division
of trigeminal nerve (early sign)

¢ Periorbital or peri-nasal swelling with or without discoloration or blackening

e Orbital symptoms: ptosis, proptosis, vision loss, and complete ophthalmoplegia

e Multiple cranial neuropathies—rapid onset. Cranial neuropathy may be unre-
lated to the clinically apparent disease extension

Fig. 10.3 Clinical features of CAROM. (a) Black eschar formation over the palate. (b) Complete
ophthalmoplegia, vision loss, and chemosis signifying cavernous sinus involvement. (¢) Disease
extension to premaxillary soft tissue presenting as cheek fullness (arrow)
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The constellation of symptoms described above in the background of a suscep-
tible host should prompt the clinician to consider the possibility of ROCM.

ROCM most commonly presents with sinonasal involvement (88.9%) followed
by orbital and cavernous sinus extension (56.7%) and intracranial involvement
(22.2%) [41]. Talmi et al. have proposed a staging system for ROCM with discrimi-
native power in terms of survival outcome [42]:

e Stage [—disease localized to the nose only with minimal soft tissue invasion
(100% survival)

» Stage II—disease limited to the nose, ipsilateral sinus, and orbit (80% survival)

» Stage [II—disease extending to intracranial structures with unimpaired or mini-
mal impairment of cognition (67% survival)

* Stage IV—disease involving intracranial structures with impaired consciousness
or hemiplegia, bilateral disease, skin necrosis, and palatal involvement (0%
survival)

10.4.2 ROCM in the Background of COVID-19: CAROM

The second wave of the COVID-19 pandemic in India witnessed a dramatic surge
in the incidence of ROCM. The pre-pandemic incidence of ROCM has been
0.14/1000 population which is 80 times higher than the incidence quoted from west-
ern literature [43]. However, the second wave-associated ROCM resulted in 14,872
cases being reported as of May 28, 2021 [44]. The salient features of CAROM are
summarized as follows:

e CAROM has been described as both synchronous with the detection of COVID-19
and after recovery from the viral illness. On an average, CAROM developed
17.6 days following the onset of COVID-19. This time period was longer, with
cases being reported 4-5 weeks from the onset of COVID-19 toward the begin-
ning of the CAROM wave [45].

e The predominant comorbid condition associated with CAROM was uncontrolled
diabetes mellitus, with few studies quoting 100% association. About 70% of the
patients had a documented blood glucose level greater than 300 mg/dlI at presen-
tation [46]. A systematic review reported a pooled incidence of concomitant
ketoacidosis to be 14.9% [41].

e The same systematic review identified steroid usage in 76.3% CAROM cases
[41]. Nevertheless, CAROM was predominantly reported in patients with mild to
moderate disease rather than severe COVID-19 illness [47]. According to the
report from AIIMS, New Delhi, CAROM was associated with mild COVID-19 in
54%, moderate disease in 33%, and severe disease in 13%, respectively [48].

e CAROM is a fulminant disease with time to initiation of treatment having a
direct bearing on survival outcomes. Time-sensitive initiation of surgical debride-
ment and antifungal therapy can have a tremendous impact on prognosis. The
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mortality rate of CAROM ranges from 33 to 80%. A delay of 6 days in the initia-
tion of treatment can double the incidence of 30-day mortality [49].

e Survival is found to be higher in patients who undergo complete surgical debride-
ment along with timely initiation of antifungal treatment (64.9%) versus patients
who only receive antifungal treatment (21.73%) [7].

10.4.3 Pathogenesis of CAROM

Figure 10.4 depicts the complex interplay of various factors unique to COVID-19
that predisposes an individual to CAROM:

* Role of ACE-2 receptors: Since there is generalized upregulation of ACE-2
receptors in COVID-19, the upregulation in pancreatic islet cells causes insulin
resistance [50].

e Concomitant uncontrolled diabetes mellitus: Hyperglycemia and the acidic pH
associated with the development of ketoacidosis in the background of COVID-19-
induced hypoxia provide an ideal substrate for the growth of mucormycosis.
Hyperglycemia upregulates the expression of glucose-regulator protein 78
(GRP-78) of endothelium cells and fungal ligand spore coating homolog (CotH)
protein. This facilitates angioinvasion, hematogenous dissemination, and tissue
necrosis [41, 51].

e Neutrophil and T cell dysfunction: COVID-19 infection dysregulates the balance
between CD-4 and CD-8 T cells and reduces CD-4 lymphocyte-induced gamma
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interferon release, thereby blunting phagocytic response against opportunistic
bacterial and fungal infection [52].

Role of steroid therapy: The role of steroid therapy has been widely investigated.
Glucocorticoids are known to give rise to a hyperglycemic state. Glucocorticoids
also interfere with phagocytic function by inhibiting pro-inflammatory cytokines
like IL-6 and inhibiting phagocytosis [47].

Role of IL-6: Interleukin-6 plays the role of a double-edged sword. COVID-19, a
pro-inflammatory state, is associated with a surge of IL-6 levels (cytokine storm).
IL-6, in turn, interferes with iron metabolism by increasing ferritin levels. Very
high ferritin levels perpetuate the pro-inflammatory cascade and provide excel-
lent conditions for mucormycosis to thrive and perpetuate the disease process.
High ferritin levels also induce iron-free radical-induced oxidative damage [53].
However, IL-6 is known to mount an immune response against opportunistic
infection. Use of steroid and IL-6 inhibitor tocilizumab interferes with IL-6-
induced phagocytic property, thereby predisposing to opportunistic fungal
infection [54]. Macrolide antibiotics like azithromycin, which were frequently
administered to COVID-19 patients, are also known to inhibit IL-6 produc-
tion [55].

Role of serum ferritin: Increased ferritin levels seen in COVID-19 infection
owing to a pro-inflammatory state predispose to the development of ROCM as
Mucorales thrive in an environment rich in iron [41].

Hypercoagulopathy and vasculitis: COVID-19 is known to be associated with
immune-mediated vasculopathy and cause direct endothelial damage. This can
compound the angioinvasive manifestation of mucormycosis, for example, the
development of CRAO (central retinal artery occlusion) [45].

Role of zinc: The role of zinc was investigated in vitro by comparing the growth
of Mucor in zinc-enriched and zinc-depleted media, with the former showing
growth favoring Mucor [56]. However, serum levels of zinc were not found to be
different among patients with CAROM and COVID-19 patients without ROCM.

10.4.4 Diagnosis

The following laboratory investigations can render the confirmatory diagnosis
of CAROM:

KOH mount: This is a bedside investigation where nasal crust or tissue from

necrotic areas is subjected to microscopy under 10% KOH mount [57]. The pres-

ence of septate hyphae indicates the possibility of Aspergillus species, whereas

aseptate hyphae are pathognomic of Mucorales species.

Imaging: The reasons for obtaining cross-sectional radiology are the following

(Fig. 10.5):

— To confirm the diagnosis of CAROM: Contrast-enhanced computed tomogra-
phy and MRI provide complementary information in case of ROCM. The fol-
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Fig. 10.5 Radiology in CAROM. (a) NCCT PNS revealing soft tissue in the anterior ethmoid
with destruction of lamina papyracea (arrow). (b) Periantral fat streaking noted. (¢) Orbital floor
eroded with soft tissue tracking into the orbit and abutting inferior rectus muscle (single arrow).
Accompanying inflammation seen over the premaxillary soft tissue (double arrow)

lowing radiological pointers are most often used to predict the possibility of

ROCM [58]:
Presence of soft tissue in the paranasal sinuses with bone erosion.
Extrasinus spread of the disecase without bone erosion signifies
angio-invasiveness.
Extrasinus spread of the disease to involve the periantral fat is considered
to be one of the earliest signs [59]
Fungal elements appear hypointense on T2-weighted MRI due to the pres-
ence of heavy metals. “Black turbinate” sign, where fungal elements in
middle turbinate produce hypointensity of the middle turbinate, is consid-
ered one of the earliest signs of ROCM on MRI [60].

— To determine the extent of the disease:

Palatal involvement presents as bone erosion at the level of hard palate or
through and through an oroantral fistula
The presence of extensive premaxillary soft tissue involvement with or
without skin involvement may preclude a purely endoscopic approach.
The presence of soft tissue thickening in retroantral region and pterygo-
maxillary fissure necessitates an infratemporal fossa clearance.
Orbital involvement: The earliest signs of orbital invasion on radiology
include soft tissue thickening at the level of the nasolacrimal duct, thicken-
ing of the medial rectus muscle, and retro-orbital fat stranding [58].
Progressive orbital involvement can be evinced by the presence of enlarge-
ment of all extraocular muscles, bone erosion at the level of lamina papy-
racea and inferior orbital wall, stretching and thickening of the optic nerve,
presence of soft tissue at the orbital apex and superior orbital fissure, uveo-
scleral thickening (panophthalmitis), and tenting of the posterior pole of
the globe (guitar pick sign) [58].
Intracranial involvement: Cavernous sinus involvement on MRI can be
confirmed by the presence of altered signal intensity, enlargement of the
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superior ophthalmic vein, and bulky cavernous sinus. Intracranial involve-
ment can range from erosion of cribriform plate, meningeal enhancement,
signs of cerebritis, to abscess formation (peripheral ring-enhancing lesion).
MRI should also be reviewed carefully to rule out any vascular complica-
tions like arteritis, carotid or basilar artery narrowing, or formation of a
pseudoaneurysm [58].

10.4.5 Treatment

Management of CAROM should be performed by a multidisciplinary team involv-
ing otorhinolaryngologists, infectious disease experts, intensivists, prosthodontics,
plastic and reconstructive surgeons, neurosurgeons, and neurologist. The best out-
comes are obtained in patients diagnosed at Talmi stages I and II and those who
undergo timely debridement and initiation of antifungal therapy. Therapeutic chal-
lenges unique to CAROM are as follows:

1. Timing of debridement: Surgical intervention for ROCM is time-sensitive. A
delay of 6 days in surgical debridement can double the risk of 30-day mortality
[49]. However, performing an extensive paranasal sinus debridement in a
COVID-19-positive set-up poses safety risk to healthcare personnel involved
and adds to perioperative morbidity for the patient. Knisely et al. have compared
perioperative outcomes in COVID-19-positive patients undergoing emergency
surgical intervention with non-COVID-19 patients undergoing similar proce-
dures [61]. They reported 16.7% mortality in COVID-19-positive patients com-
pared to 1.4% in COVID-19-negative patients, along with higher ICU admission
rates (36.1 vs. 16.1%). Therefore, the decision regarding expedited surgery while
the patient is concomitantly COVID-19-positive needs to be individualized, tak-
ing into consideration the severity of COVID-19 illness and the extent of ROCM
[45]. Gupta et al. have proposed a decision-making algorithm for CAROM, con-
sidering the severity of COVID-19 illness and ROCM [45]. It was recommended
that surgery might be deferred in low-severity ROCM for about 2 weeks to
reduce COVID-19-associated perioperative morbidity. In case of high-severity
ROCM, debridement should be expedited. If concomitant COVID-19 severity is
mild or moderate, the patient needs to be taken up for surgery under the high-risk
category. However, if COVID-19 severity falls in the severe category, debride-
ment should be deferred till the intensivist considers the patient to be hemody-
namically stable to undergo the procedure.

2. The extent of surgical resection: Surgical resection should aim to remove all
necrotic and devitalized tissue and eliminate the nidus of fungus. However, this
is impossible to achieve completely in cavernous sinus/intracranial involvement
and sometimes inappropriate in case of peripheral or early orbital involvement
due to the cosmetic and functional disability consequent to orbital debridement.

The surgical approaches available for debridement of ROCM are endoscopic
and open approaches. For patients requiring palatal resection, extensive involve-
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ment of premaxillary soft tissue and skin and those requiring orbital exenteration
are not considered appropriate for purely endoscopic resection. Sublabial
approach also offers excellent cosmetic results by avoiding facial incision in
patients requiring only limited debridement.

3. Antifungal therapy: Intravenous liposomal amphotericin B is the first-line anti-
fungal for ROCM. It should be administered at a dose of 3—6 mg/kg body weight/
day. Initial high-dose treatment may limit the spread of infection, but high dos-
age treatment is often limited by toxicity (chills and rigors, allergic and anaphy-
lactic reactions, dose-related nephrotoxicity). A cumulative dose of 3-5 g of
amphotericin B is probably sufficient for patients with stage I/II disease wherein
complete debridement is achieved. For intracranial disease, wherein complete
debridement is almost never realistic, a cumulative dose of 8 g or maximum
tolerable dose of amphotericin B is recommended [62].

Oral posaconazole or isavuconazole is considered a step-down antifungal.
Oral posaconazole is prescribed at a dose of 300 mg twice daily on the first day,
followed by 300 mg once a day. Absorption is better when administered with a
fatty meal. Serum drug level biological assays may be used to ascertain drug
bioavailability.

10.5 Neuro-Otological Sequelae

1. Vertigo: Dizziness is one of the commonest neurological manifestations of
COVID-19. There are anecdotal reports of vertigo persisting beyond the recov-
ery of COVID-19 [63]. The possible causes for vertigo are vestibular neuronitis,
benign paroxysmal positional vertigo, and posterior circulation stroke.
Mechanisms of neuroinvasion that have been proposed include binding to ACE-2
receptors, hypercoagulopathy, hypoxia, and immune-mediated mechanisms [64,
65]. At present, there is little clarity about the outcome of COVID-19-associated
dizziness. Vestibular rehabilitation measures have been shown to be of bene-
fit [63].

2. Sensorineural hearing loss: Sudden sensorineural hearing loss (SSNHL) is
defined as at least 30 dB hearing loss in three consecutive frequencies within 3
days. Post-viral SSNHL has been described with herpes virus and cytomegalovi-
rus [66]. SSNHL in COVID-19 is now being recognized, especially following
the recovery of the illness. SSNHL is frequently described with moderate and
severe forms of the disease [67].

Various theories surround the etiopathogenesis of SSNHL in COVID-19. The
first hypothesis is direct damage to the epithelial cells of the organ of Corti, spi-
ral ganglion, and the endothelial cells of stria vascularis. This is supported by the
expression of ACE-2 receptors in these cells [68]. SARS-CoV-2-induced direct
cochlear damage was revealed by Mustafa and colleagues, where COVID-19-
infected patients were found to have a higher threshold in high frequencies and
worsened threshold for transient evoked otoacoustic emission compared to nor-
mal individuals with no history of COVID-19 positivity [69]. The second plau-
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sible mechanism causing inner ear damage could arise from COVID-19-induced
cytokine storm [70]. Hypercoagulopathy-induced ischemic damage to the inner
ear has also been proposed as mechanism for inner ear damage due to COVID-19.
Treatment of SSNHL occurring in the context of COVID-19 is not different from
SSNHL due to other viral etiology. First-line management consists of oral corti-
costeroids. Intratympanic steroid is reserved for salvage in oral steroid-
unresponsive cases.

. Tinnitus: Due to the previously described mechanisms of inner ear damage, tin-

nitus and balance disorders may present in patients recovering from COVID-19
[71]. In a multicentric questionnaire-based study conducted in Italy on patients
who were in the 30-60 days’ interval from COVID-19 diagnosis, disequilibrium
was reported in 18.4% of subjects and tinnitus in 23.2%, and 7.6% reported both
disequilibrium and tinnitus [71]

. Facial palsy: SARS-CoV-2 is a neurotropic virus owing to the expression of

ACE-2 receptors in the brain and cranial and peripheral nerves [72]. There is a
lack of evidence currently to validate the causal role of SARS-CoV-2 in the
development of facial palsy in these patients.

. Ototoxicity: Compounds containing quinine are known to cause inner ear dam-

age [9]. Though there have been no reports of ototoxicity following hydroxy-
chloroquine administration for COVID-19, it is important to be aware of this
adverse effect [9]. Ototoxicity following hydroxychloroquine use can present
long after discontinuation of the treatment and is known to be irreversible [9].

10.6 Upper Airway Dysfunction-Related Sequelae

1.

Dysphonia: Incidence of dysphonia as a primary symptom of COVID-19 ranges
from 26.8 to 43.7% [20, 73]. As per the study published by Cantarella et al., 15%
of these patients have persistent dysphonia beyond 1 month following the diag-
nosis of COVID-19 [73]. Dysphonia in mild to moderate COVID-19 was signifi-
cantly associated with smoking and upper airway symptoms like rhinitis and
cough [20, 73]. To the contrary, the development of dysphonia in severe
COVID-19 was associated with intubation granuloma, cord palsy, and use of
nebulized glucocorticoid [74]. Underlying pathophysiology includes vocal cord
strain from cough and rhinitis, recurrent laryngeal nerve damage from the virus,
recurrent laryngeal nerve compression due to the endotracheal tube, and the
“corditis” theory [74]. Direct virus-induced vocal cord inflammation or corditis
is supported by the expression of ACE-2 receptors on vocal cord epithelium and
the presence of isolated dysphonia in patients with no other upper airway inflam-
matory symptoms and no history of steroid use or endotracheal intubation
[15, 74].

. Tracheal stenosis: There have been anecdotal reports of tracheal stenosis devel-

oping secondary to prolonged intubation for severe COVID-19 [8]. This typi-
cally manifests as progressive shortness of breath and noisy breathing following
a trial of extubation. Diagnosis can be confirmed on fiber-optic bronchoscopy,
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X-ray soft tissue, and non-contrast computed tomography of the neck and chest.
Bilateral cord palsy should be considered in the differential diagnosis.
Management depends on the length of stenosis, the extent of airway compro-
mise, and proximity to the subglottis. Tracheostomy is performed as an emergent
measure to secure the airway. Subsequent treatment ranges from repeated endo-
scopic dilatation to resection of the stenosed segment and end to end anastomosis.

10.7 Sequelae Related to Upper Aerodigestive
Tract-Lymphoreticular System

Kawasaki-like syndrome following COVID-19 infection has been described pre-
dominantly in the pediatric population and rarely in adults [75]. ENT manifesta-
tions include multiple cervical lymphadenopathies (most commonly jugulodigastric
node) and oral mucosal lesions (strawberry tongue). Awareness among ENT practi-
tioners is necessary since ENT manifestations often precede multisystem organ
involvement [75].

10.8 Post-COVID-19 Thyroiditis

Subacute thyroiditis (SAT), also known as de Quervain’s thyroiditis, has been
described in association with post-COVID-19 sequelae. In a systematic review pub-
lished by Rehman and colleagues, SAT symptoms appeared after an average of
25.2 + 10.1 days from the diagnosis of COVID-19 [76]. SAT is a self-limiting con-
dition progressing through three phases: hyperthyroid, hypothyroid, and euthyroid.
It is associated with a rise in inflammatory serum markers (ESR and CRP).
Management consists of nonsteroidal anti-inflammatory drugs and corticosteroids.
Since SAT has previously been linked to viral illnesses like mumps, measles,
rubella, coxsackievirus, and adenovirus, SAT in association with COVID-19 is also
likely due to direct virus-induced damage or related to virus-induced inflammatory
response [76, 77].

10.9 Take-Home Points

1. Post-COVID-19 chemosensory dysfunction can be persistent in 7.2% of
individuals.

2. Thorough ENT evaluation, the patient-reported structured questionnaires, para-
nasal sinus and brain imaging, and objective testing using quantitative olfactory
testing complete the work-up for post-COVID-19 chemosensory dysfunction.

3. Evidence-based treatment recommendations are most robust for early initiation
of olfactory training.

4. Topical steroid spray may be recommended along with olfactory training.
Currently, there is a paucity of evidence favoring oral steroid administration.
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5. Development of ROCM in the background of COVID-19 (CAROM) can be
linked touncontrolled hyperglycemia, steroid administration, COVID-19-induced
iron overload state, immunosuppression arising from IL-6 antagonist use, and
decrease in phagocyte activity and hypercoagulability.

6. In patients with a high index of suspicion toward CAROM, the diagnosis can be
rendered following 10% KOH examination of the tissue and imaging of the para-
nasal sinus and brain.

7. Treatment of CAROM should include timely initiation of amphotericin B and
timely surgical debridement. Oral posaconazole is used as a step-down antifungal.

8. Involvement of orbit, cavernous sinus, and intracranial extension ported a poor
outcome with high mortality rates.
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Rheumatological Complications 1 1
Following COVID-19

Rudra Prosad Goswami and Uma Kumar

With the prolongation of the pandemic, several observational and epidemiologic
studies have started to report on persistent symptoms after resolution of acute infec-
tion of Covid-19 beyond 3 months [1]. The incidence of such manifestations has
been reported to be as high as 30% [2]. Several of these manifestations are muscu-
loskeletal, and rarely the patients develop de novo systemic autoimmune diseases
fulfilling guideline-based classification criteria. Several mechanisms of such de
novo autoimmunity have been proposed which include molecular mimicry,
bystander effect, persistent immune activation and NETosis among others [2]. In
this review we summarize the various musculoskeletal and autoimmune diseases
that develop after resolution of Covid-19 infection.

11.1 Musculoskeletal Manifestations

Infections are known triggers of autoimmunity and rheumatic diseases are no excep-
tion. The most classic example would be post-urethritis or post-diarrhoeal reactive
arthritis. Viral infections are known triggers of multiple autoimmune diseases like
systemic lupus erythematosus (SLE) or Sjogren’s syndrome among others.

Post-Covid-19 musculoskeletal problems range from mild to moderate arthral-
gia, reactive arthritis to full-blown classifiable arthritis syndromes like rheumatoid
arthritis [2].
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11.1.1 Arthralgia

Arthralgia is the commonest musculoskeletal manifestation of long Covid syn-
drome and has been reported widely and repeatedly [2, 3]. A recent systematic
review and meta-analysis, still in pre-print form, reported that one in every five
patients with long Covid complains of arthralgia [4].

11.1.2 Reactive Arthritis

Several mechanisms of reactive arthritis following viral infections have been pro-
posed including molecular mimicry among others. SARS-CoV-2 proteins have dis-
played match with the human proteins on a comparative peptidome analysis
comprising of 37 viral proteins [5]. Mimicking epitopes may be present in intra-
articular locations and perhaps on the synovial lining resulting in acute inflamma-
tion. Two recent systematic searches of the PubMed and Scopus platform identified
22 published cases of post-Covid-19 reactive arthritis published between January
2020 and July 2021 [6, 7]. Average gap between onset of Covid-19 symptoms and
acute arthritis was 25 days (range 7-90 days). Knees and ankles were the commonly
inflamed joints; however tenosynovitis, sacroiliitis, and small joints were also
involved in a smaller number of cases. HLA-B27 was positive in four out of seven
cases tested. Majority were treated with oral nonsteroidal agents with or without
intra-articular corticosteroids, and all recovered with no residual stigmata of joint
disease in up to 6 months of follow-up. This rather low prevalence may represent
publication bias. On the other hand, the diagnosis of reactive arthritis is essentially
that of an exclusion after a long and tedious list of possibilities which includes but is
not confined to crystal disease, early systemic arthritis, early connective tissue dis-
ease and an apparently inexhaustible panel of viral and bacterial markers. Interestingly
five cases were tested for RT-PCR of SARS-CoV-2 in the aspirated synovial fluid
which were negative [7]. Clinically the lesson that these published cases tell us is that
post-Covid-19 reactive arthritis behaves in a similar fashion as that of the garden-
variety post-bacterial reactive arthritis, and judiciously limited treatment suffices.

11.1.3 Rheumatoid Arthritis (RA)

There are a few published reports of development of RA following Covid-19 infec-
tion. A Dutch cohort described five patients with inflammatory arthritis presenting
on an average of 6.6 weeks after moderately severe Covid-19 infection four of
whom fulfilled the American College of Rheumatology 2010 criteria [8]. The
authors diagnosed only three of them as clinical RA, two had strong positive anticy-
clic citrullinated peptide antibody (ACPA) and one had weak positive ACPA. In
detailed phenotype of these new-onset ACPAs, the authors observed that the per-
centage of V-domain glycosylation was increased similar to regular RA patients.
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There are also ten other reported cases of seropositive and seronegative RA all of
whom developed the disease 4-6 weeks after Covid-19 infection [2, 9-11].
Treatment was in usual lines as that of regular RA. However, causation is difficult
to establish as serology status before the infection is hardly reported in any case.

11.1.4 Myositis

Muscle involvement after Covid-19 infection is varied and ranges from non-specific
myalgia, asymptomatic mild to moderate rise in creatine kinase (CK) to full-blown
inflammatory myositis to rhabdomyolysis [2, 12]. In one study myalgia was present
in early half of the patients and raised CK was reported in nearly one third of all the
patients [13]. Frank myositis is observed, though rarely, after Covid-19 infection.
Phenotypically the reported cases are similar to other postinfectious myositis as
seen after respiratory viral infections or dengue viral infection.

Patients present with myalgia and often low-grade fever followed by progressive
symmetric proximal weakness and elevated CK. Muscle biopsy is non-specific and
shows focal lymphocytic infiltrates and it is unusual to show biopsy hallmarks of
dermatomyositis. Autoantibodies are distinct by their absence, though low-titre
antinuclear antibodies (ANA) may be positive. Reported patients have received a
variety of treatments like glucocorticoids, hydroxychloroquine and methotrexate
usually with a good response [14—16]. There are only a few reports of frank derma-
tomyositis with autoantibodies like anti-Mi2 (n = 1), anti-MDAS5 (n = 1), anti-SAE1
(n = 2) or antinuclear autoantibodies (n = 1) preceded by Covid-19 [17]. In these
cases causation is always difficult but pathogenic association could be postulated.
There are some evidences that Covid-19 could trigger the MDA-5 or RIG-like
innate immunity pathogen sensing pathways that may lead to muscle inflammation
[18]. Rebendenne et al. showed human airway epithelial cells elicit a strong inter-
feron response to Covid-19 infection and that the melanoma differentiation-
associated gene (MDA) 5 is its main biological sensor in the human pulmonary
parenchyma. The link between Covid-19 infection and muscle damage or inflam-
mation was suggested by an autopsy study where the authors included patients who
died from Covid-19 (n = 43) or other critical illnesses (n = 11) and inflammation of
skeletal muscle was assessed by quantitative estimates of inflammatory cell infil-
trates and MHC-I and MHC-II. Interestingly samples from patients with Covid-19
showed consistently higher pathology score, inflammation scores and higher expres-
sion of MHCs [19]. However this cannot be taken as a conclusive evidence as myo-
sitis as these results could be alternately interpreted as scattered or spotty MHC-I
expression and as there was an absence of classic defining muscle histo-/immuno-
pathology [20]. There are quite a few other important and interesting focal myositis
syndromes described after Covid-19 infection like the paraspinal myositis syn-
drome [21], orbital myositis syndrome [22], myofascial compartment syndrome
[23], cachexia [24] and axonal denervation and residual muscle degeneration among
others [25].
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11.2 Vasculitis/Thrombosis

Vasculitis and thrombosis are part of pathogenesis of Covid-19. Given that endothe-
lial cell inflammation, apoptosis and finally endothelial dysfunction occur in patients
with Covid-19 and a major viral entry site for viruses is heparan sulphate moieties
on the endothelial cells, syndromes of vascular insufficiency manifested either as
thrombosis characteristic of antiphospholipid syndrome or multiorgan manifesta-
tions like primary systemic vasculitis is within the expected spectrum of post-
Covid-19 syndromes [26]. Several different manifestations of vasculitis secondary
of Covid-19 have been reported, ranging from chilblains in the toes (Covid toe) [27],
cutaneous leucocytoclastic vasculitis [28], acute limb ischaemia [29], retinal artery
ischaemia [30], mesenteric vasculitis [31], diffuse alveolar haemorrhage [32], cere-
bral vasculitis with brainstem involvement [33] to primary systemic vasculitis with
anti-neutrophil cytoplasmic antibody (ANCA) positivity [26]. Majority of these
manifestations occur during the active infection, and some authors have found posi-
tive RT-PCR against Covid-19 from aspirates of accessible lesions [34]. However
there are other reports of vasculitis developing 4-6 weeks after resolution of active
infection suggesting immunological mechanisms and breakdown of tolerance.

The current authors have seen two cases of post-Covid-19 ANCA vasculitis.
One was a 25-year-old man who developed severe anterior uveitis with scleroma-
lacia 6 weeks after recovering from a mild Covid-19 infection. The second was a
55-year-old man who developed pulmonary cavitation and crescentic glomerulo-
nephritis 4 weeks after recovering from mild to moderate Covid-19 infection. Both
of them were positive for c-ANCA and anti-PR3 antibodies with high titre. Both
had these vasculitic symptoms first time in their life. They were treated as per
EUVAS protocol with cyclophosphamide followed by rituximab and only ritux-
imab, respectively, with good outcome. There are several other reported cases of
ANCA-associated vasculitis following Covid-19 infection [35, 36]. The presenta-
tion mimicked that of idiopathic ANCA-associated vasculitis (AAV) with a pre-
dominance of crescent glomerulonephritis. However, there was a predominance of
anti-PR3 antibody, similar to our observation, suggesting further evidence for
infectious antigen stimulation.

During the 2020 Covid-19 peaks, several reports emerged from western Europe
highlighting an increased frequency of giant cell arteritis (GCA) [37, 38]. One
report also highlighted possible increased ophthalmic complications of GCA during
the pandemic [38]. This was further explored by a French group which systemati-
cally analysed their new and previously diagnosed GCA cases and observed that
their centre experienced higher frequency of GCA during the pandemic albeit with
an increased otorhinolaryngological manifestations rather than ophthalmic compli-
cations [39]. They also performed RT-PCR of the available temporal artery biopsy
samples which were negative suggesting no role of active Covid-19 infection caus-
ing this symptomatology. On the other hand, majority of their patients were negative
for serology against Covid-19, which casts doubt on possible immunological modu-
lation by previous exposure to Covid-19. It is, however, useful to remember that
both these diseases share common phenotypes like headache, fatigue and elevated
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inflammatory markers with significant differences like jaw claudication and throm-
bocytosis which are almost exclusively seen in GCA [40].

Antiphospholipid antibodies (aPL) have been noted in patients with infections
and may predispose an infected individual to a prothrombotic state and present
another potential mechanism of clinical manifestation through vascular insuffi-
ciency, ischaemia and necrosis. There have been several studies which showed a
disproportionately elevated positivity rate of antiphospholipid antibodies among
patients with Covid-19. For example, Harzallah et al. reported in 56 patients posi-
tive lupus anticoagulant in 25 and positive anti-beta-2 glycoprotein I (GPI) or anti-
cardiolipin (ACL) in 5 patients [41]. Another study by Fan et al. reported lupus
anticoagulant to be present in 50% of patients with severe disease requiring ICU
admission and low-titre anti-ACL positivity [42]. Several issues have been raised
against these reports and several other reports which highlight assay characteristics
and reporting guidelines. Some of the objections raised are as follows: possible
false positive lupus anticoagulant test due to ongoing anticoagulation; interaction of
high CRP with the lupus anticoagulant-specific aPTT test; low-titre positivity of
anti-ACL or anti-beta-2 GPI antibodies not fulfilling classification criteria; lack of
reporting on persistent positivity; lack of reporting on anti-beta-2 GPI DI antibod-
ies; and variability of assay and ELISA techniques [43, 44]. A few case reports have
emerged that highlight persistent antiphospholipid antibodies even after 1 year after
resolution of the active infection. Two studies reported on repeated antiphospholipid
antibodies, in which one study showed persistent positivity in only one out of ten
patients after 1 month and another reported three patients with persistent aPL posi-
tivity, after almost 3 months [45]. There are a few reports of clinical association of
these antibodies. Two cases were reported with postural orthostatic tachycardia syn-
drome (POTS) persistent for almost 1 year after resolution of active infection, one
with low-titre anti-beta-2 glycoprotein I I[gM antibody and another with high-titre
anti-beta-2-glycoprotein 1 IgM and anti-phosphatidylethanolamine IgM antibodies
[45, 46]. Another case was reported with persistent IlgG ACL antibody comprising
of bizarre neurological constellations like headache, memory problems and chest
pain without any clinical signs of thrombosis [47]. Perhaps the most disconcerting
is the report of three cases with myocardial infarction and ventricular fibrillation
occuring 3—6 months after Covid-19, among which one had weakly positive lupus
anticoagulant [48].

11.3 Connective Tissue Disease

Covid-19 shares several features with systemic lupus erythematosus (SLE)-related
features, like cytopenia, arthralgias, serositis, cutaneous lesions like chilblains and
antibodies like antinuclear antibodies and antiphospholipid antibodies [49]. Few
cases have been reported with full-blown lupus developing from 13 days to 1 month
after onset of the Covid-19-related illness [50]. All had severe manifestations of
lupus like macrophage activation syndrome, cardiac tamponade, acute kidney
injury, polyserositis, etc., had multiple autoantibodies and required several
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immunosuppressives for adequate disease control. Though at face value these
patients would fulfil the classification criteria for SLE, it is unclear whether they
share the chronicity associated with typical idiopathic SLE or whether these are a
transient severe immunological manifestation of Covid-19 itself, as they share clini-
cal, immunological and therapeutic parameters with each other. There are a few
cases of SLE developing after resolution of Covid-19 infection [51-54]. Clinical
manifestations were typical of lupus characterized by skin rashes, arthralgia and
proteinuria along with positive ANA and hypocomplementemia. While one case
occurred during the tail end of Covid-19 infection and resulted in death of the
patient, the other two cases presented 2 months after resolution of Covid-19. Various
viral aetiologies as predisposing or triggering events have been postulated time and
again in the long history towards our current and yet partial understanding of the
disease complex named lupus that includes but is certainly not confined to the likes
of the Epstein-Barr virus, cytomegalovirus, parvovirus B19 and retroviruses [55].
Maybe Covid-19 is another addendum to this list. None of these reports excluded
other viral aetiologies, and even while present, the causal association is tenuous at
most in the majority of cases.

11.4 Covid-19 Among Patients with Rheumatic Diseases

Patients with systemic autoimmune diseases suffer from dysfunction of the immune
system that restricts their ability to mount an adequate response to an infectious
trigger, and the drugs that are used to treat their diseases are invariably immunosup-
pressants which also increase risk of infection and serious adverse effects. This
increases a theoretical risk of increased incidence of Covid-19 and possibly poorer
outcome. An initial report from the COVID-19 Global Rheumatology Alliance
international physician registry reported that patients on higher glucocorticoid
doses show increase probability of hospitalization and those on anti-TNF drugs
have lower probability [56], and even an increased risk of death was reported by
another group of authors [57]. A recent meta-analysis dealt with this issue analysing
62 observational studies with a total of 319,025 patients with systemic autoimmune
and inflammatory diseases (SAIIRD). The authors reported that the risk of
Covid-19 in SAIIRD was significantly higher than controls (odds ratio: 2.19) and
glucocorticoids were significantly associated with this risk. Interestingly, the authors
reported that patients on biological or targeted synthetic disease-modifying agent
monotherapy were at a lower risk of severe Covid-19 infection [58].

11.5 Conclusions

Post-Covid-19 or long Covid syndrome is an immunological phenomenon that bur-
dens Covid-19 survivors. The immune aberration caused by Covid-19 infection
shares several immunological traits associated with systemic autoimmune diseases,
like plasmacytoid dendritic cell upregulation and interferon pathway activation.
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However, apart from non-specific arthralgia, other well-defined systemic diseases
like vasculitis, myositis, rheumatoid arthritis or systemic lupus are uncommon.
Given the huge number of global cases of Covid-19 and a high burden of post-
Covid-19 or long Covid syndrome, these cases, at least statistically would not fulfil
any criteria of causation. But the issue with publication bias always confounds
interpretation of such measures. Whatever be the case, the de novo cases behave
almost in an identical manner as with their idiopathic counterparts, and all it requires
from the clinician is wise observation and active management.
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of COVID-19 Infection
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12.1 Introduction

Cutaneous involvement in patients with COVID-19 infection has been reported to
range from 0.2 to 45% in different hospital-based studies from India and abroad. A
population-based patient-reported survey of 336,847 patients from the UK found
21% of COVID-19-positive patients reporting skin features as the only symptom of
COVID-19 infection, while the skin manifestations preceded other symptoms in
17% of patients [1]. Patient-reported studies from Thailand [2], France [3], and
Turkey [4] have shown a frequency of 15% (n = 183), 1% (n = 756), and 18.3%
(n = 382) of cutaneous lesions; lower frequencies, 1.5% (n = 130) in Italy [5], 4.3%
(n=69) in Japan [6], and 7.25% (n = 138) in India [7], were reported in studies with
in-person examination by dermatologists. More recently, a Spanish study in hospi-
talized patients reported an incidence of 3.5% (n = 144) [8], while 2 cross-sectional
observational studies from tertiary-care centers in Northern India including 1659
asymptomatic/mildly symptomatic and 270 moderate/severe COVID-19 disease
reported a much lower incidence of 0.6% and 2.59%, respectively [9, 10]. Two sys-
tematic reviews on cutaneous manifestations of COVID-19 have reported an inci-
dence of 5.69 and 5.95%, respectively [11, 12]. In addition, a case-control study
from Austria (cases, n = 103; controls, n = 41) did not report a statistically signifi-
cant difference between confirmed cases of COVID-19 and controls who had other
acute infectious diseases [13]. They suggested that the cutaneous involvement in
COVID-19 is not specific and does not have diagnostic value. The true incidence
may be closer to that reported in the later studies; reasons for a lower incidence in
these studies include in-person evaluation by a dermatologist, a better
understanding of the cutaneous involvement and attribution to COVID-19 by the

P. Dudani - V. Gupta - K. K. Verma (P<))
Department of Dermatology and Venereology, AIIMS, New Delhi, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte 139
Ltd. 2022

A. Mohan, S. Mittal (eds.), Post COVID-19 Complications and Management,
https://doi.org/10.1007/978-981-19-4407-9_12


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-4407-9_12&domain=pdf
https://doi.org/10.1007/978-981-19-4407-9_12

140 P. Dudani et al.

investigators, and more robust investigations to rule out other causes. A systematic
review for prognostic value of the cutaneous manifestations reported that urticaria-
like lesions had the least mortality (2.2%) while livedo/purpuric lesions were asso-
ciated with the highest mortality rate (18.2%) [11].

12.2 Dermatological Manifestations of COVID-19 Infection

Common dermatological manifestations associated with COVID-19 infection are
summarized in Table 12.1. The involvement of any organ by COVID-19 is deter-
mined by the expression of viral receptors, which include ACE-2 (angiotensin-con-
verting enzyme 2) and TMPRSS?2 (transmembrane protease serine 2) [15]. The
former is highly expressed in alveolar cells of the lungs, explaining the virtually
universal involvement of lungs.

The virus cannot penetrate and infect the skin primarily (though the keratino-
cytes express both ACE-2 and TMPRSS2 receptors); all skin manifestations are
indirect in nature as a result of blood-borne dissemination (ACE-2 is expressed in
capillary endothelial cells) [15]. The pathogenesis of the skin manifestations is
unclear; a simplified classification divides them into “inflammatory” lesions which
form due to aberrant immune responses to viral components (maculopapular lesions,
urticaria, vesicular lesions) and “vascular” secondary to vasculopathy and throm-
botic phenomena (erythema pernio-like, livedo, purpuric lesions) [16]. The viral
spike protein has been demonstrated in skin lesions in multiple studies, even in the

Table 12.1 Summary of common dermatological manifestations with temporal correlation, fre-
quency of occurrence, and association with severity of systemic COVID-19 disease [11, 12]

Frequency/ Severity of

Cutaneous Persistence | incidence COVID-19
manifestation Onset up to (%) infection
Maculopapular Before other 7-14 days 3648 Mild

symptoms, as late as
4 weeks after
resolution of
symptoms [14]

Urticarial Before, up to 2 weeks | 4-28 days 9-15 Mild

after other symptoms
Pseudochilblains / | 2 weeks after other Up to 18-51 Mild or
erythema symptoms 150 days asymptomatic
pernio-like (Average,

15 days)

Vesicular/ Before, or up to 90 days 9-15 Mild to
vesiculobullous 1 week after other moderate

symptoms
Livedo/purpura/ 24 weeks after other | Up to 4-9 Severe
necrosis symptoms 150 days
Acute telogen 6 weeks after 36 weeks 30-50 In all grades of

effluvium diagnosis severity
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absence of PCR positivity in nasal swab samples [17]. Virus-induced endothelial
damage has been observed in some skin biopsies from pernio-like lesions, which
supports the causal association of these lesions with COVID-19 [18]. However,
viral proteins are not always detectable in skin tissue samples, and some studies
suggest that reactivation of latent HHV-6 infection may be responsible for some
observations such as maculopapular rash, pityriasis rosea lesions, and DRESS (drug
reaction with eosinophilia and systemic symptoms)-like lesions.

While current data allows a rough timeline to be constructed with most skin
changes developing within 4 weeks from onset of other COVID-19 symptoms,
delayed manifestations of skin lesions have also been observed and reported. This
precludes temporal correlation from being used as a strict criterion for COVID-19-
related skin changes, and does not allow a strict differentiation between manifesta-
tions of COVID-19 infection and post-COVID-19 changes.

12.2.1 Skin Changes

Maculopapular rash is the most frequent cutaneous manifestation of COVID-19
according to most systematic reviews (36—48%) and consists of erythematous mac-
ules and papules in a generalized distribution, which may initially be discrete and
later coalesce (Fig. 12.1) [11, 12]. Other morphologies included within this term are
pityriasis rosea-like and erythema multiforme-like changes [19]. The skin lesions
usually start within 2-10 days of other symptoms of COVID-19 infection, some
reports have noted a delayed onset of 4 weeks also. These lesions are associated
with mild COVID-19 disease in 48% of cases which usually does not require any
intervention, and resolve in 7-10 days [11].

Pernio-like lesions/pseudochilblains, the next most common manifestation
(18-51%), are described as persistent redness of the periungual region, also called
“COVID toes.” Rarely, there may be associated pustulation and crusting. These
have been noted more frequently in children, young adults, and elderly individuals
(Fig. 12.2) and may be the sole manifestation of COVID-19 infection. They are
mostly associated with mild disease (82%). They may be the only presenting feature
in 10-15% of cases and may precede other symptoms in another 10% of cases; in
most cases they start within 2 weeks of other symptoms, last up to 2 weeks, and
require no active intervention. Rarely, they may last longer (reported up to 150 days)
and may be associated with dysesthesia.

Urticarial lesions, presenting as itchy red wheals (Fig. 12.3), are usually gener-
alized in distribution and rarely associated with angioedema. They are rarer, seen in
9-15% of COVID-19 patients with cutaneous lesions, mostly associated with mild
disease (51-53%). These may precede other COVID-19 symptoms by 1-2 days
(5—6%) and, thus, might be the presenting feature of COVID-19 [11, 12]. The urti-
carial condition lasts for 7-10 days while being treated with antihistamines with/
without low-dose systemic corticosteroids. Rarely, they may persist for a month.

Vesiculobullous lesions consist of fluid-filled lesions in a localized or generalized
distribution, often sparing the mucosa. When generalized, they appear varicella-like
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Fig. 12.1 Maculopapular rash in an adult male patient with COVID-19 infection
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Fig.12.2 Pseudochilblains in an elderly patient, 6 weeks after recovery from COVID-19 infection

and may involve the palms and soles. They are seen in 9-15% of cases, about half
of them with mild COVID-19 disease. These lesions usually start within 3 days and
last up to 7-10 days. Herpetic infections may have to be ruled out in some cases
depending on morphology and distribution of lesions, e.g., in herpes zoster, they are
in a dermatomal distribution, while in herpes simplex they are closely grouped and
may coalesce.

Livedo or retiform purpura manifests as localized or diffuse red-purple non-
blanchable discoloration of the skin, especially over acral sites. This may form a
network and later develop ulceration. They are observed in 4-9% of patients with
skin manifestations of COVID-19, most often in association with severe COVID-19
features. These are important to be noted as they are associated with other throm-
botic events and a higher mortality rate (15-18%) [11, 19]. This might be due to the
same mechanism of formation of these lesions and end-organ damage to the other
systems, i.e., microangiopathy secondary to an altered thrombotic pathway.
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Fig. 12.3 Transient urticarial lesion over the cubital fossa in a 19-year-old male patient (Image
courtesy of Dr Rashi Pangti, Department of Dermatology and Venereology, AIIMS, New Delhi)

Multisystem inflammatory syndrome in adults (>21 years) and children
(<21 years), also known as Kawasaki-like disease, is a rare but serious post-
COVID-19 manifestation. The patients present with persistent fever, generalized
skin lesions, mucositis (including conjunctivitis), acral edema, erythema and des-
quamation, gastrointestinal symptoms (abdominal pain, vomiting, diarrhea), neuro-
cognitive symptoms (headache, confusion, lethargy), and respiratory symptoms
[20]. The morphology of skin lesions is variable, including maculopapular, urticar-
ial (Fig. 12.4), purpuric (Fig. 12.5), and even erythroderma. These symptoms may
start up to few weeks to months following COVID-19; the latter may have been
asymptomatic or mild disease. Compared to Kawasaki disease, this syndrome is
seen in older patients, has cutaneous manifestations more often (30 vs. 70%), and
has a more rapid and severe deterioration of systemic status [21].
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Fig. 12.4 Urticarial vasculitis-like lesions on the trunk of an adult patient with post-COVID-19
multisystem inflammatory syndrome
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Fig. 12.5 Dusky erythematous (purpuric) macules and papules on the trunk of a critically ill
patient with severe COVID-19 infection
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12.2.2 Trigger or Exacerbation of Skin Diseases

Flaring up of previously controlled or subsided autoimmune diseases has been
noted in patients with lichen planus (Fig. 12.6), psoriasis (Fig. 12.7), atopic derma-
titis, seborrheic dermatitis, and acne [19].

Herpes zoster reactivation may occur up to 6 weeks post-COVID-19 infection
(Fig. 12.8); however, it may even precede the symptoms by 2-3 days. The treat-
ment remains the same with systemic antivirals (acyclovir/valacyclovir) for
7-10 days.

Fig.12.6 Eruptive lichen planus lesions over the dorsa of ankles in a known case of lichen planus,
3 weeks post-COVID-19 infection (Image courtesy of Dr Vishal Gaurav). Older lesions have sub-
sided with post-inflammatory hyperpigmentation
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Fig. 12.7 Multiple psoriasis lesions appearing over the trunk in a patient with previously con-
trolled disease; 2 weeks post-COVID-19 infection (Image courtesy of Dr Vishal Gaurav,
Department of Dermatology and Venereology, AIIMS, New Delhi)
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4

Fig. 12.8 Herpes zoster ophthalmicus in a 60-year-old male patient, 10 days after diagnosis of
COVID-19
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Fig. 12.9 Multiple fissures over the dorsum of the tongue, left angle of the mouth, an aphthous
ulcer over left buccal mucosa in a 59-year-old female patient, 2 weeks after diagnosis of COVID-19

12.2.3 Mucosal Manifestations

Mucosal changes are rarely observable in COVID-19 patients; while there are no
studies yet on the prevalence of mucosal manifestations in COVID-19 patients, an
international registry of skin and mucosal manifestations in 716 patients from 31
countries reported mucosal lesions to be seen in about 5% of those reporting skin/
mucosal manifestations [22]. Hence, mucosal sites must always be examined in
patients of COVID-19. Patients may demonstrate hyperemia of the oral mucosa,
single-to-few aphthous ulcers, depapillation of the tongue, fissures over the angles
of the mouth, and frank necrosis of buccal mucosa [23] (Fig. 12.9). In addition, oral
lichen planus may be triggered de novo by COVID-19 infection; however, the cor-
relation is not strong, and the data is limited to case reports.

12.2.4 Hair

Hair loss and scalp symptoms, both localized and generalized, have been observed
inrelation to COVID-19 infection. A majority are reported after weeks of COVID-19
infection, although an early onset has been occasionally observed.

Acute telogen effluvium is a self-limited diffuse loss of hair which occurs
2-3 months after a stressful triggering event such as major surgery, postpartum, and
prolonged or high-grade fever such as seen in malaria typhoid and lupus. The pre-
cipitating event causes premature termination of anagen phase and conversion to
catagen and subsequently telogen phases. COVID-19 infection causes a systemic
inflammatory response and this proinflammatory state may cause telogen effluvium
[24-27]. Tumor necrosis factor-a, IFN types 1 and 2, IL-6, MMP-1 and MMP-3,
and IL-1f have been hypothesized to play a role, in addition to microthrombi forma-
tion and direct damage to the hair follicle by the virus after entry into the basal
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keratinocytes (via the ACE-2 and TMPRSS?2 receptors) [28]. The patients present
with sudden increase in hair loss, including hair coming out in clumps and thinning
seen over the frontal hairline about 67 weeks after RT-PCR positivity or other
symptoms of COVID-19. In a prospective study of 204 SARS-CoV-2-positive
patients in Turkey including equal numbers of admitted patients and outpatients
with COVID-19-related symptoms, acute telogen effluvium was noted in about one-
fourth of COVID-19 patients, with majority being females (65-70%) [29]. The inci-
dence in mild versus hospitalized groups was comparable, with 24% of patients
with mild disease and 31% of patients in hospitalized group. The onset was noted at
6-7 weeks after RT-PCR positivity (earliest at 4 weeks) and lasted for a median of
47.5 days after onset (range, 12—100 days). COVID-19 infection-associated telogen
effluvium was noted to be more intense, earlier in onset, and earlier to resolve than
acute telogen effluvium due to other causes, possibly due to direct follicular damage
by the virus [29]. Management is expectant, as it is a self-resolving condition.
Agents such as topical minoxidil (5%) and oral multivitamins may be used; how-
ever, reassurance is the key intervention. Some case reports of acute anagen efflu-
vium and alopecia areata also exist, but larger studies are required to confirm a
causal association.

Trichodynia encompasses multiple symptoms like itching, burning, pain, or par-
esthesia in the scalp, with or without accompanying telogen effluvium. It can start
early and is seen in more than half the patients with COVID-19 infection presenting
to dermatologists and may be underreported due to its variable and nonserious
nature. It correlates with increased neuropeptide substance P expression. Helpful
interventions include adequate sleep, washing scalp with warm water, and topical
corticosteroids; however, it may last for months and patients may require repeated
sessions of counselling [24].

12.2.5 Nail

Nail plate changes can be seen in about 1% of patients with COVID-19 infection,
although these may be underreported as prevalence studies are lacking. They usu-
ally follow the disease or insult by a few weeks as it takes time for the altered nail
plate to emerge from under the proximal nail fold; however, vascular changes can
appear early, during COVID-19 infection, similar to systemic vascular manifesta-
tions [30-32]. The red half-moon nail sign, possibly pathognomonic for COVID-19
infection, consists of distally convex red bands, placed just distal to the lunula, over
multiple fingernails. This manifestation might be due to microvascular injury to the
distal subungual capillary network as a part of systemic inflammatory response,
similar to that seen in Kawasaki disease. It is seen as early as 2 days prior to the
onset of other symptoms, even though it may start later within 2 weeks. These
changes may persist for 1-6 weeks after onset [33].

Mees’ lines are transverse leukonychia (white lines) in all nail plates, noted
3—-6 weeks (maximum 16 weeks) after onset of other symptoms of COVID-19. It is
due to altered keratinization of the nail plate due to temporary dysfunction of the
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nail matrix as a consequence of systemic illness. These are non-blanchable and
grow out with time, in about 4—-6 weeks.

Beau’s lines are transverse grooves in the nail plate due to temporary suspension
of keratinization following acute stress to the nail matrix, visible about 2-3 weeks
after the acute event once nail plate growth is resumed. If the nail plate keratiniza-
tion is arrested completely, it leads to onychomadesis, i.e., a nail plate which is
completely separated from the nail matrix while remaining attached to the nail bed.
Both these changes are also self-limited as the nail grows out normally after the
systemic insult is over [31, 32].

Periungual desquamation is seen at the proximal and lateral nail folds and has
been seen in children with severe Kawasaki-like multisystem inflammatory syn-
drome (MIS-C) and adults with severe COVID-19 infection at the time of recov-
ery [32].

12.3 Skin Involvement due to Agents Used in Treatment
of COVID-19 Infection

The treatment of COVID-19 infection depends on severity of the disease and
includes a wide gamut of medications with variable efficacy which lead to either
direct changes on the skin or skin changes secondary to altered physiology induced
by the medications [34]. Discontinuation of the drug is warranted only in the case
of severe cutaneous adverse drug reactions, for example, acute generalized exan-
thematous pustulosis (AGEP), drug reaction with eosinophilia and systemic symp-
toms (DRESS), and Stevens-Johnson syndrome/toxic epidermal necrolysis.
Hydroxychloroquine use can lead to pigmentary effects such as longitudinal pig-
mented bands in multiple nails, generalized hyperpigmentation, and graying of hair
in up to a third of the patients; other adverse effects include hypersensitivity reac-
tions such as maculopapular rash, acute generalized exanthematous pustulosis, drug
reaction with eosinophilia and systemic symptoms, erythema multiforme, and
Stevens-Johnson syndrome. Systemic corticosteroids are known to lead to cutane-
ous adverse effects in a majority (10-70%) of patients, such as striae, telangiecta-
sias, hypertrichosis, and acneiform eruption. Remdesivir, the antiviral agent, can
cause a generalized self-limited maculopapular rash in up to 7% of recipients, as
well as another cutaneous adverse eruption called symmetrical drug-related inter-
triginous and flexural exanthema, which involves confluent erythematous maculo-
papular lesions over the flexures and buttocks. Darunavir, another antiviral agent,
has been associated with maculopapular, vesicular, and purpuric lesions, as well as
rare reports of SJS, the former in up to 10% of patients [34]. Favipiravir has been
associated with observation of a yellow-white or green fluorescence of nails and
hair seen on Wood’s lamp examination, possibly due to metabolites of the excipient
ferric oxide in the tablets. Ribavirin has been associated with induced alopecia and
photoallergic reaction in up to a fifth of patients, while interferons can cause induced
urticaria and even generalized eczematous changes. Tocilizumab can cause multiple
cutaneous adverse events such as maculopapular rash (up to 10% of patients),
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urticaria, AGEP, DRESS, and SJS. Immunoglobulin infusion is associated with urti-
caria during infusion, as well as delayed manifestation of maculopapular rash and
erythema multiforme. Low-molecular-weight heparin can rarely (<1% of recipi-
ents) cause heparin-induced skin necrosis. Lastly, noninvasive ventilation may lead
to pressure ulcers and even prolonged xerostomia [35].

12.4 Skin Changes due to Use of Personal
Protective Equipment

Use of personal protective equipment leads to buildup of secretions (sweat) along
with prolonged friction. The damage to skin barrier is multiplied due to use of sani-
tizers and other disinfecting agents. This also increases the chances of developing
irritant and allergic contact dermatitis to the constituents of the protective equip-
ment (Fig. 12.10a, b). In self-reported questionnaire-based studies, 70-88% of
frontline healthcare workers reported adverse skin reactions, the most common
being nasal-bridge inflammation and scarring, indentation and inflammation behind
the ears, and excessive sweating within double-latex gloves [36]. Use of PPE longer
than 6 h/day and working more than 3 days a week were associated with adverse
skin changes [36, 37].

An ideal mask should have no metallic part at the bridge of the nose and have
adjustable draw strings to allow one size to fit all, with the adjustable bead being
flat. After wearing, the mask should allow air movement while speaking. An ill-
fitting mask can induce acne, or “maskne,” noted over the area covered by the mask,
newly referred to as the “O” zone of the face (Fig. 12.11) [38]. The friction and
changed skin microenvironment, i.e., increased heat and humidity leading to altered
microbiome, are hypothesized to play a role. Management includes antibiotic
washes and hydrogel formulations of retinoids. Spot application of conventional

Fig. 12.10 (a, b) Allergic contact dermatitis to textile/washing agent in a healthcare worker.
Erythematous, edematous papules at the site of maximum friction with scrubs (neckline, elastic
sleeve cuff) (Images courtesy of Dr Ananya Sharma, Department of Dermatology and Venereology,
AIIMS, New Delhi)
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Fig. 12.11 Schematic diagram showing the newly described “O” zone of the face, along the mar-
gins and within which acneiform eruptions induced by a mask are likely to form

acne agents is not recommended as it may cause irritation if occluded by the mask
after application [39]. Allergic contact dermatitis may occur due to sensitization to
zinc released from metallic part over the nose. Latex or the accelerants used in elas-
tic ear loops may also lead to contact dermatitis of eczematous or noneczematous
type over the retroauricular regions and nape of the neck (Fig. 12.12a, b); similar
changes may occur over the hands due to use of latex gloves. Pressure-induced abra-
sion and ulceration over the bridge of the nose and cheeks due to continued local-
ized trauma by the mask are seen; similar changes may be seen over the forehead
due to use of the face shield.

Hand-washing and alcohol-based sanitization measures lead to continued dis-
ruption of the natural lipid skin barrier and result in “COVID hand dermatitis.” The
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e—

Fig. 12.12 (a, b) Noneczematous pigmented contact dermatitis. Linear band of hyperpigmenta-
tion corresponding to the site of repeated friction with elastic loop of mask

name refers to the irritant contact dermatitis which involves the webspaces, inter-
phalangeal joint creases, proximal nail fold, nail cuticle, and consequently the nails
leading to brittle nails.

Green nail syndrome or chloronychia may develop due to infection by P. aerugi-
nosa, probably as a consequence of colonization secondary to humidity due to pro-
longed wearing of gloves. Lastly, aggravation of pre-existing conditions such as
acne, rosacea, perioral dermatitis, seborrheic dermatitis, and hand dermatitis has
been noted, especially in healthcare workers [40].

The only measure which seems to help is moisturization. One should apply
moisturizers liberally prior to donning mask and face shield, and hospitals are
advised to switch to alcohol-based handrub with moisturizing factors in it [41].

12.5 Skin Manifestations After COVID-19 Vaccination

Postvaccination cutaneous adverse events can be seen in about 10-30% of vaccine
recipients according to a summary of clinical trial data of the approved vaccines,
mostly local site reactions [42]. A similar number was seen in a real-life recipient-
reported study of 867 Iranian residents, including those who had received Covaxin
and AstraZeneca (Covishield) [43]. The common cutaneous adverse events seen
with all COVID-19 vaccines include local site injection reaction (1-15%), maculo-
papular exanthem (3.5-5%), and urticaria (2.5-5%). They are transient, usually
resolving within a week; rarely, urticarial lesions may continue to appear for
12-16 weeks.

Other reported cutaneous adverse events include urticarial vasculitis, perniosis,
pityriasis rosea, erythema multiforme-like lesions, erythromelalgia, and petechiae.
Triggering of some diseases such as lichen planus, lichen planopilaris (Pfizer,
AstraZeneca), pityriasis rubra pilaris, guttate psoriasis (Pfizer), and alopecia areata
(Pfizer/Moderna) has also been reported [44, 45]. These usually start within a week
and may occur, for the first time, up to 16 weeks after the first, second, or third dose.
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Post-vaccine reactivation of varicella-zoster virus leading to herpes zoster has
been reported with all COVID-19 vaccines, although the exact incidence is
not known.

12.6 Conclusion

COVID-19 infection can affect every system, and many of these are identified after
the acute symptoms have subsided. The skin and mucosae represent a visible aspect
of the consequences of systemic inflammation; and while this may potentially help
diagnosticians, it also means more psychological distress for the patient, especially
with hair loss and nail plate changes. Adverse skin changes due to use of personal
protective equipment lead to minor but persistent problems for healthcare workers
who are already under extreme work stress; they must be prevented, identified, and
promptly addressed.
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Eye Complications Following COVID-19 1 3

Rohit Saxena and Rebika Dhiman

13.1 Introduction

Coronavirus disease (COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is an ongoing global pandemic. Earlier believed to be
primarily a respiratory disease, COVID-19 has now been recognized as a multisys-
tem disorder. Eye complications are being increasingly reported in the acute as well
as recovery phase of the disease. This chapter outlines various ocular manifestations
that have been reported in association with COVID-19 during and following the
infection. The knowledge and understanding of these ocular manifestations is
important to raise awareness about keeping COVID-19 as a differential in such
cases, especially during the pandemic. This is crucial for the comprehensive man-
agement of the disease and entails adopting preventive measures for the safety of
the examining clinician, who may be the first point of contact. The latter is impor-
tant as Dr. Li Wenliang, an ophthalmologist, one of the first doctors who warned
about the outbreak of COVID-19, died after becoming infected with SARS-CoV-2 in
Wuhan, China, on February 7, 2020, at the young age of 33 years. He contracted the
virus from an asymptomatic glaucoma patient in early January due to the close
association with the patient during the ocular examination.

13.2 Pathophysiology

There are several proposed mechanisms for eye manifestations in SARS-CoV-2
infection.
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The first hypothesis is the direct viral invasion in the tissue via angiotensin-
converting enzyme-2 (ACE-2) receptor that acts as the primary functional receptor
for the virus. Viral entry is facilitated by the binding of viral spike (S) protein to
ACE-2 receptors. Thereafter, viral uptake and membrane fusion is promoted by
priming of S protein by the host cellular transmembrane protease serine 2
(TMPRSS2). ACE-2 expression has been noted in several tissues, including the
lungs, nasopharynx, heart, brain, and blood vessels. Several ocular structures
express ACE-2 receptors and evidence supports the presence of ACE-2 and
TMPRSS?2 on ocular surface as well. This explains the tropism of SARS-CoV-2 for
the ocular surface, suggesting that the eye may act as a conduit for viral entry
in humans.

The second hypothesis is related to endothelial dysfunction and coagulopathy.
This theory is supported by the presence of ACE-2 receptors on the endothelial cells
that can lead to endothelial abnormalities such as endothelitis and microvascular
dysfunction causing vasoconstriction, ischemia, and tissue edema. The heightened
immune response causes increased levels of pro-inflammatory cytokines, in turn
leading to hypercoagulability. This predisposes affected individuals to throm-
botic events.

Thirdly, the exaggerated or dysregulated immune response-induced autoanti-
body production has been associated with the fresh occurrence of autoimmune dis-
orders like antibody-positive optic neuritis, Miller Fisher syndrome, or myasthenia
gravis. Autoantibody production occurs due to molecular mimicry in which viral
antigens induce an immune response against self-proteins [1].

Lastly, SARS-CoV-2 pneumonia and respiratory insufficiency can lead to
hypoxia-induced brain injury that may cause various neuro-ophthalmic
manifestations.

13.3 Ocular and Extraocular Manifestations of COVID-19

COVID-19 may involve any part of the eye- the ocular surface, intraocular, or extra-
ocular or may have neuro-ophthalmic manifestations. Vaccine-related ocular com-
plications are also described. All these features have been summarized in Table 13.1.

1. The ocular surface and cornea

Conjunctivitis is the most common ophthalmic involvement reported with
COVID-19 infection. As discussed earlier, the ocular surface may also be the
source of entry or dissemination of the virus. Various studies have reported con-
junctival involvement in the range of 0.8-32% [2]. Hand-eye contact has been
noted as a risk factor predisposing to conjunctival symptoms in COVID-19.
Although the virus yield from the conjunctival samples has been poor on reverse
transcriptase-polymerase chain reaction (RT-PCR), ocular surface is still consid-
ered the likely entry portal for the SARS-CoV-2.

Conjunctival hyperemia, chemosis, epiphora, ocular irritation, foreign body
sensation, follicular conjunctivitis, and increased secretions are commonly
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Table 13.1 Summary of eye manifestations in COVID-19

Structure

S.no. |involved

Type of involvement

1

Ocular surface
and cornea

(a) Conjunctivitis—follicular, hemorrhagic, pseudomembranous
(b) Conjunctival hyperemia

(c) Chemosis

(d) Epiphora

(e) Foreign body sensation

(f) Episcleritis

Intraocular

(a) Uveitis—anterior, intermediate, and posterior

(b) CRVO

(c) CRAO

(d) Other retinal abnormalities—acute retinal necrosis (ARN),
acute macular neuroretinopathy (AMN), paracentral acute middle
maculopathy (PAMM), etc.

Extraocular

(a) Eyelid abnormalities—blepharitis, lid margin hyperemia/
telangiectasia, meibomian orifice problems

(b) Acute dacryoadenitis

(c) Orbital cellulitis and sinusitis

(d) Rhino-orbital-cerebral mucormycosis

Neuro-
ophthalmic

(a) Optic neuritis

(b) Idiopathic intracranial hypertension (IIH)

(c) Cranial neuropathy

(d) Posterior reversible encephalopathy syndrome (PRES)

(e) Ischemic optic neuropathy—arteritic and non-arteritic AION
(f) Cortical visual impairment (CVI)

(g) Multisystem inflammatory syndrome in children (MIS-C)
(h) Myasthenia gravis

(i) Nystagmus and other eye movement disorders

(j) Pupillary abnormalities

Vaccine-related

(a) Mild ocular features—episcleritis, anterior scleritis, acute
macular neuroretinopathy, paracentral acute middle maculopathy,
and subretinal fluid

(b) Transient vision loss or visual field defects

(c) CRVO

(d) Optic neuritis

(e) Exacerbation of VKH

(f) Myasthenia gravis

(g) Acute macular neuroretinopathy

(h) Central serous retinopathy

(i) Uveitis

(j) Multiple evanescent white dot syndrome and cranial nerve
palsies

described features. Most cases of follicular conjunctivitis have been reported in
the subacute phase of the disease, i.e., the second week. Conjunctival involve-
ment has occasionally been seen as the presenting symptom of the disease, with
patients developing other respiratory signs of SARS-CoV-2 a few days later.
Rarely, it may be the sole manifestation of the disease. Conjunctivitis has also
been reported in the late or recovery phase of SARS-CoV-2 infection. Early-
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onset conjunctivitis is attributed to direct viral invasion and involves treatment
with topical antibiotics. On the other hand, late-onset conjunctivitis is presumably
an immune-mediated response. This has more severe manifestations such as
bilateral involvement and corneal involvement and needs treatment with topical
steroids and lubricants. Ribavirin has been used in some cases. Hemorrhagic and
pseudomembranous forms of conjunctivitis have also been reported where a
complete resolution was noted with topical antibiotics, steroids, and daily
debridement of the pseudomembrane [3].

Conjunctivitis has also been seen as a manifestation of the multisystem
inflammatory syndrome in children (MIS-C) that is reported to occur a few
weeks after SARS-CoV-2 infection and bears a resemblance to Kawasaki dis-
ease. It is related to delayed immune response occurring following COVID-19
and is associated with elevated inflammatory markers.

Episcleritis is another rare manifestation of COVID-19 infection and is infre-
quently seen as a presenting symptom. It is usually self-limiting and requires no
specific therapy.

2. Intraocular
(a) Uveitis—All forms of uveitis, i.e., anterior, intermediate, and posterior, have
been described during the course of the disease.
(b) Posterior segment

(i) Venous occlusions—Inflammatory reaction and hypercoagulability
seen with COVID-19 infection may lead to venous occlusions
(Fig. 13.1). There are several reports of unilateral or bilateral central
retinal vein occlusion (CRVO) and impending CRVO following
COVID-19 infection in young as well as elderly individuals. Usually
good visual recovery has been noted with steroids and anticoagulants.
Cases with macular involvement need anti-VEGF treatment.
Papillophlebitis, a milder form of CRVO, has been noted either as a
manifestation of COVID-19 or as a consequence of prone positioning
in ICU patients admitted for management of COVID-19. Prone posi-
tioning causes direct compression on the eye, increases orbital venous
pressure, and consequently increases intraocular pressure. Therefore,
fundus examination becomes necessary in prone-positioned ICU
patients. Also, protective cushioning of the eyes and maintaining the
head position above heart level are some preventive measures that must
be implemented [4].

(ii) Arterial occlusion—Central retinal artery occlusion (CRAO) is less
commonly reported than CRVO in COVID-19. It is a blinding condi-
tion that has been linked with elevated inflammatory markers like inter-
leukin-6, C-Reactive Protein (CRP), ferritin, D-dimer, and fibrinogen.
Rarely, combined CRVO and CRAO can also be seen.

(iii) Other retinal abnormalities
1. Acute retinal necrosis (ARN) is a rare manifestation of COVID-19.
2. Acute macular neuroretinopathy (AMN) and paracentral acute mid-

dle maculopathy (PAMM).
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Fig. 13.1 Fundus photograph of a 55-year-old male showing right-sided central retinal venous
occlusion noted a week after being diagnosed with COVID-19

3. Subclinical abnormalities on optical coherence tomography (OCT)
in the retinal layers like bilateral hyperreflectivity in several layers
of the retina that are more prominent at the papillomacular bundle,
disruption of the ellipsoid zone and interdigitation zone, and loss of
inner nuclear layer (INL) volume have been described.

4. Vitritis can be seen but should be diagnosed after ruling out other
infectious causes.

5. Nonspecific retinal changes like peripapillary and peripheral retinal
hemorrhages, cotton-wool spots, hard exudates, dilated veins, tortu-
ous vessels, and macular pigmentation have been noted.

6. OCT angiography (OCT-A) has shown significant, diffuse perfu-
sion loss in several areas of the post-COVID-19 patients’ retinas
compared with healthy eyes.

7. On Fluid Attenuated Inversion Recovery (FLAIR) weighted images,
abnormal magnetic resonance imaging (MRI) findings have been
seen at the posterior pole in few patients with COVID-19 consisting
of one or several hyperintense nodules in the macular region. These
lesions are postulated to be either direct inflammatory infiltration of
the retina or microangiopathic disease from viral infection.

(iv) Choroidal abnormalities—Reactivation of serpiginous choroiditis has
been reported following COVID-19 infection. Other differentials like
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tuberculosis, hepatitis B and C, human immunodeficiency virus (HIV),
and syphilis should be ruled out before initiating immunomodulatory
therapy.
3. Extraocular
(a) Lid—Eyelid abnormalities in the form of meibomian orifice problems and

lid margin hyperemia/telangiectasia may be seen. Blepharitis is seen as a

late manifestation of the disease.

(b) Orbital—Orbital manifestations may vary from non-specific retro-orbital
pain to life-threatening invasive mucormycosis.

(i) Acute dacryoadenitis as a late complication of SARS-CoV-2 has been
reported in a patient otherwise devoid of any COVID-19 symptoms and
later detected positive for SARS-CoV-2 antibodies. Retrograde spread
of the virus to the lacrimal gland via the ductules or immunologic
response to the gland are the possible mechanisms.

(ii) Orbital cellulitis and sinusitis—Orbital cellulitis has been seen in
young patients presenting as progressive painful orbital swelling in the
absence of any chronic sinus disease. Orbital abscess with globe perfo-
ration has also been reported.

(iii) Rhino-orbital-cerebral mucormycosis (Fig. 13.2) is a life-threatening
opportunistic infection that is increasingly reported with moderate to
severe COVID-19 infection. The risk factors are the presence of associ-
ated comorbidities like uncontrolled diabetes, diabetic ketoacidosis
and corticosteroid use for the management of COVID-19. Facial or
orbital pain, headache, periocular swelling, double vision, and diminu-
tion of vision may be the early features of the disease. In suspected
cases, clinical assessment of vision, pupillary reactions, and ocular
motility should be done. Nasal swab for KOH mount and cultures
should be sent to confirm the diagnosis. Neuroimaging is useful in
assessing the extent of the disease. Aggressive management with intra-
venous liposomal amphotericin B with or without surgical debride-
ment, along with strict glycemic control, is required. The reported

Fig. 13.2 Left-sided conjunctival congestion with mild proptosis noted in a patient post-
COVID-19. MRI image showing diffuse orbital involvement of the left side suggestive of orbital
Mmucormycosis
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Fig.13.3 Right-sided optic neuritis noted in a 50-year-old female patient 1 month after COVID-19
infection. Visual acuity on presentation was the perception of light in the right eye. The patient was
tested positive for MOG antibody and responded well to steroids

mortality despite treatment is as high as 50%, and therefore, early diag-
nosis and management is imperative [3, 5].
4. Neuro-ophthalmic manifestations—Various neuro-ophthalmic manifestations
have been documented in association with COVID-19 infection.
(a) Optic neuritis (Fig. 13.3)

There are several reports of unilateral or bilateral optic neuritis during the
course or following recovery of COVID-19 infection. Para- and
post-infectious demyelinating syndromes are known to occur following
viral illnesses. So, the occurrence of optic neuritis in association with
COVID-19 may be explained by a similar demyelinating process that is ini-
tiated either by the exposure to viral antigens related to viral neurotropism
or by autoantibody production. The clinical presentation could be typical,
with periventricular demyelinating lesions on MRI in a young female patient
suggestive of multiple sclerosis (MS), or maybe atypical with myelitis and
myelin oligodendrocyte (MOG) or anti-AQP4 (NMO) antibody positivity.
Optic neuritis may occur as a presenting feature of COVID-19. Usually,
good visual recovery has been noted with intravenous methylprednisolone
(IVMP) and/or plasma exchange (PLEX). However, other infectious and
inflammatory causes should be excluded.

Panuveitis and optic neuritis as a presenting feature have also been
reported. The simultaneous occurrence of uveitis and optic neuritis is
explained by the presence of ACE-2 receptors in both the ocular tissues—
choroid as well as central nervous system (CNS) [6].

Acute disseminated encephalomyelitis (ADEM) presenting with bilateral
vision loss and sensory deficit is also known [7]. The diagnosis was made
based on neuroimaging showing multiple T1 post-gadolinium-enhancing
lesions in the brain, lesion in the spinal cord, and bilateral optic nerve
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Fig. 13.4 Papilledema in a young female patient a month after being tested positive for SARS-
CoV-2. Visual fields show mild enlargement of the blind spot, and neuroimaging was normal sug-
gestive of idiopathic intracranial hypertension

(b)

enhancement. Significant visual recovery was noted after management with
IVMP and IV immunoglobulins.
Idiopathic intracranial hypertension (ITH)

There are reports of fresh-onset headache with raised intracranial pres-
sure (defined as CSF opening pressure > 250 mm of H,O) without encepha-
litis or meningitis following COVID-19 infection. However, disc edema
may not be noted in all cases. Idiopathic intracranial hypertension with disc
edema may be a presenting feature in COVID-19 and is also seen during the
recovery phase (Fig. 13.4). Recovery of visual complaints and field defects
occurs with lowering the CSF pressures with acetazolamide therapy. ITH is
possibly caused by venous congestion due to low-grade inflammation and
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Fig. 13.5 Left-sided third nerve palsy showing drooping of the lids and limitation of adduction,
elevation, and depression in an elderly patient with uncontrolled diabetic status. RT-PCR was
negative, and patient did not have any systemic features of COVID-19 infection. But IgG
COVID-19 antibody titers were markedly elevated. Neuroimaging was unremarkable

with hypercoagulable state precipitated by COVID-19 infection, leading to
hyperviscosity and less CSF absorption.
Cranial neuropathy

Ocular motor palsies have been seen following COVID-19 infection
either as an isolated pathology or a manifestation of underlying systemic
disease like Miller Fisher syndrome. There are reports of oculomotor
(Fig. 13.5), trochlear, abducent, and facial palsy with COVID-19. While
some patients had pre-existing vascular comorbidities, others were healthy
young adults.

Acute demyelinating inflammatory polyneuropathy leading to third nerve
and abducent nerve palsy has also been reported, likely due to the virus-
mediated immune response. MRI findings may include enhancement of the
optic nerve sheath and posterior Tenon’s capsule, which may be due to viral
leptomeningeal invasion or an ischemic process [8].

Guillain-Barre syndrome (GBS) presenting with facial paresis or diple-
gia, Miller Fisher syndrome with features of anosmia, ageusia, internuclear
ophthalmoparesis, fascicular oculomotor palsy, ataxia, areflexia, albumino-
cytologic dissociation, GD1b-IgG antibody positivity and polyneuritis cra-
nialis with ageusia, bilateral abducens palsy, areflexia, and
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albumino-cytologic dissociation are some other manifestations of
COVID-19 infection. Good recovery has been demonstrated with treatment
in most cases [9].

Posterior reversible encephalopathy syndrome (PRES)

PRES is a neurological disorder characterized by vasogenic edema with
a distinctive parieto-occipital involvement evident on neuroimaging. PRES
has been reported in elderly patients with severe COVID-19 infection requir-
ing intensive care unit (ICU) care with respiratory support. The patients usu-
ally present with seizures and occasionally with neuro-ophthalmic
manifestations like visual field defects, cortical blindness, and visual hallu-
cinations. There is also a report of hallucinatory palinopsia, the persistent
recurrence of a visual image after the stimulus has been removed [10].
Cytokine storm, endothelial abnormalities, and SARS-CoV-2 pneumonia-
related hypoxemia are the possible factors that affect cerebral autoregulation
leading to cerebral vasodilatation, neuronal swelling, and vasogenic edema.
Usually, good recovery has been noted in most cases.

Ischemic optic neuropathy

Non-arteritic ischemic optic neuropathy (NAION) has been noted in
already predisposed individuals, i.e., individuals with vascular comorbidi-
ties like diabetes and hypertension. Bilateral NAION has also been reported
due to prone positioning in a patient with COVID-19-related acute respira-
tory distress syndrome (ARDS) [11]. Prone positioning is known to affect
ocular perfusion and cause raised intraocular pressure. There are also rare
reports of increasing presentation of giant cell arteritis (almost five-fold
high) during the pandemic [12]. However, the cause-effect relationship
could not be established definitively.

Cortical visual impairment (CVI)

Greater incidence of stroke and younger age of incidence of stroke have
been noted with SARS-CoV-2 infection than with other coronaviruses,
influenza, or seasonal viruses. Coagulation disorders, endothelial abnormal-
ities, and excessive inflammatory response are the causative factors.
Therefore, early anticoagulation therapy is recommended in moderate-
severe COVID-19.

Occipital and visual pathway involvement in stroke can lead to neuro-
ophthalmic manifestations like vision loss and visual field defects.
Multisystem inflammatory syndrome in children (MIS-C)

MIS-C is characterized by inflammation of multisystem organs like the
heart, lungs, kidneys, brain, skin, eyes, or gastrointestinal organs (>2) and
elevated inflammatory markers associated with recent SARS-CoV-2 infec-
tion. This is associated with an exaggerated immune response in children.
Inflammatory markers like C-reactive protein (CRP), erythrocyte sedimen-
tation rate (ESR), fibrinogen, procalcitonin, D-dimer, ferritin, lactic acid
dehydrogenase (LDH), or interleukin-6 (IL-6) are elevated. Raised CSF
pressures, related to altered CSF dynamics due to inflammatory or infec-
tious meningitis, have been documented in the setting of MIS-C following



13 Eye Complications Following COVID-19 169

COVID-19 infection. Disc edema and abducent nerve palsy due to elevated
intracranial pressure have been reported in some of these patients. Usually,
the recovery is good with management.
(h) Myasthenia gravis
Exacerbation, as well as new cases of myasthenia gravis, may occur fol-
lowing COVID-19. The common presenting symptoms are diplopia and pto-
sis. The patients are positive for acetylcholinesterase (AchR) or
muscle-specific tyrosine kinase (MuSK) antibodies and respond well to
pyridostigmine.
(i) Nystagmus and other eye movement disorders
There are isolated reports of nystagmus and other eye movement disor-
ders like intermittent horizontal nystagmus with a rotatory component [13],
opsoclonus (rapid, chaotic, involuntary saccadic, multidirectional eye move-
ments), and bilateral horizontal pendular nystagmus in COVID-19
patients [14].
(j) Pupillary abnormalities
Adie’s pupil due to parasympathetic denervation following viral infec-
tions is not uncommon. Adie’s tonic pupil has been documented in associa-
tion with SARS-CoV-2 infection. Adie-Holmes syndrome with anisocoria
and absence of deep tendon reflexes in upper and lower limbs has also been
reported [15].
5. Vaccine-related complications

As the vaccination drive is ongoing, several COVID-19 vaccines have been
introduced, such as RNA vaccines, DNA vaccines, and replication-defective
viral vector vaccines. Subsequently, there have been reports of vaccine-related
ocular complications. The mechanism of ocular disease post-vaccination can be
an immunologic response to the spike antigen, other viral antigens, or compo-
nents of adenovirus causing molecular mimicry.

Mild reversible ocular adverse events like episcleritis, anterior scleritis, acute
macular neuroretinopathy, paracentral acute middle maculopathy, and subretinal
fluid have been reported with inactivated COVID-19 vaccine. Thromboembolic
events, including CRVO, have been noted with adenovirus vector-based
COVID-19 vaccines. This has been attributed to systemic inflammation, platelet,
and endothelial dysfunction. There have been rare cases of a transient decrease
in vision and transient visual field defects. Occurrence of autoimmune diseases
like bilateral arteritic anterior ischemic optic neuropathy (AAION) and bilateral
acute zonal occult outer retinopathy (AZOOR) has been seen following vaccina-
tion suggesting cross-reactivity of neutralizing antibodies against SARS-CoV-2
spike proteins and host cell antigens [16].

There are numerous reports of postvaccination optic neuritis worldwide,
some of whom were positive for myelin oligodendrocyte glycoprotein (MOG)
antibodies [17]. Other noteworthy ocular events are Vogt-Koyanagi-Harada
(VKH) disease exacerbation, myasthenia gravis, acute macular neuroretinopa-
thy, central serous retinopathy, thrombosis, uveitis, multiple evanescent white
dot syndrome, and cranial nerve palsies.
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While multiple reports of side-effects following a vaccine injection have been
documented, the mere temporal relationship does not necessarily prove causal-
ity. The reported frequency of the side effects is considered rare given the mil-
lions of people who have received one or more vaccines. The possible reasons
for these effects may be related to potentially susceptible individuals exhibiting
a maladaptive immune response. Vaccines have added adjuvants within them to
boost the immunogenic efficacy, and these adjuvants potentiate the innate and
adaptive immune response, which may lead to autoimmune or inflammatory
conditions in a small group of persons.

13.4 Preventive Measures in Ophthalmic Practice

An ophthalmologist may be the first point of contact in SARS-CoV-2 infection due
to these unusual ocular presentations. This necessitates the adherence to appropriate
infection control measures based on the latest national and state health directives.
Stratification of ophthalmic patients for clinical visits and utilization of tele-
ophthalmology practices as much as possible for routine cases may be done. For
outpatient examination, use of breath shields while using slit lamps, disinfection,
and cleaning of instruments like tonometers, trial frames, pinhole occluders, and
B-scan probes are advocated especially during the pandemic. Special care to cover
the eyes, nose, and mouth with masks and face shields, use of gloves, and observing
proper hand etiquette before and after patient examination are the key to prevent
cross-transmission.

13.5 Conclusion

This chapter elaborates various eye manifestations of COVID-19. Considering the
proximity required in the ophthalmic examination, understanding the ophthalmic
manifestations of COVID-19 becomes important. Strict adherence to appropriate
infection control measures while examining these patients will ensure the safety of
the healthcare worker and the patients.
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Palliative Care Issues in Post-COVID-19 1 4

Raghav Gupta and Sushma Bhatnagar

Palliative care has been defined by the International Association for Hospice &
Palliative Care (IAHPC) in 2018 as “The active, holistic care of individuals across
all ages with serious health-related suffering due to severe illness, and especially of
those near the end of life. It aims to improve the quality of life of patients and their
caregivers” [1]. It is a multidimensional specialty that emphasizes the patient and
family-based care and helps in symptomatic improvement of patients during the
course of disease and treatment, as well as during the terminal stage when the focus
is primarily comfort.

There is a common perception that palliative care is only for cancer patients, but
in reality, it has spread its horizon and is required for critically ill [2] as well as
patients suffering from chronic ailments. Globally, there is a constant gap between
the clinical care required and the public healthcare infrastructure available. This gap
came to the fore during the COVID pandemic. The pandemic has affected human-
kind at various levels—physical, psychological, socioeconomic, as well as spiritual.
However, interdisciplinary coordination has given clinicians an opportunity to
bridge the gap between clinical care and public healthcare measures. Recently, stud-
ies have emphasized the important role of palliative care in the pandemic [3, 4]. In
fact, the need for palliative care has been felt not just during acute COVID but also
during the post-COVID phase due to the myriad of symptoms that persist after
recovery from acute illness.

It is now evident that a holistic approach is required to manage the post-COVID
symptoms to provide a better quality of life for patients as well as caregivers. The
role of the palliative care physician includes:

1. Symptomatic management, discussion about the course of illness, advanced care
planning, and psychosocial support to the patient and family members [5, 6]
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2. Teaching and training at the institute level to enable other colleagues to handle
the increased demand for palliative care during the time of crisis [7]

14.1 Primary and Specialty Palliative Care

Any physician can provide primary palliative care. They can manage basic symp-
toms like pain, nausea, constipation, and anxiety. The role of a palliative care spe-
cialist was felt in the 1990s in order to provide specialist palliative care services for
managing refractory symptoms, complex decision-making, and end-of-life care dis-
cussions. This assumes greater importance during a pandemic where many people
are suffering at the same point of time [8].

14.2 Postulated Reasons for Post-COVID Symptoms

Several mechanisms have been proposed for the persistence of symptoms beyond
the acute COVID episode, such as:

e The persistence of the virus in the body due to weak host immune response
e Relapse or reinfection

¢ An inflammatory reaction to the virus

e Deconditioning

e Anxiety and post-traumatic stress disorder

14.3 Post-COVID Symptoms

Majority of patients with COVID recover completely within a few days to a few
weeks, but symptoms persist in a significant proportion.

These patients are often labeled as “long haulers” and the condition has been
termed as post-COVID syndrome or “long COVID-19” [9]. Elderly and those
affected by comorbidities are affected the most. Common signs and symptoms that
are observed in post-COVID phase include:

e Fatigue and malaise

e Dyspnea

e Cough

e Chest pain

e Cognitive dysfunction including memory and concentration problems
e Insomnia

e Headache

 Palpitations

e Loss of smell or taste

e Depression and anxiety
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e Fever
e Dizziness

14.4 Post-COVID Lung Sequelae

Post-COVID lung sequelae lead to breathlessness. This may be due to multiple
causes. The Breathing-Thinking-Functioning model explains that inefficient breath-
ing, thoughts about dying, and reduced body activity all together lead to breathless-
ness [10].

14.4.1 Non-pharmacological Management

e Blowing of a fan in front of the face

e Pursed lip breathing and prolonged exhalation
¢ Physiotherapy and rehabilitation

e Huff-puff technique to clear secretions

e Postural drainage

14.4.2 Pharmacological Management

e Anti-inflammatory and antiviral agents as per recommended guidelines.

e Anti-fibrotic agents, e.g., pirfenidone and nintedanib. No conclusive evidence is
currently available for the beneficial role of these agents in post-COVID lung
sequelae. The prescription of these drugs is to be decided on a case-to-case basis
keeping risks as well as benefits in mind.

e Morphine given in low dose helps the patient with dyspnea and makes them
cooperative while doing pulmonary physiotherapy.

14.5 Post-COVID Dyspnea: Management Principles

Dyspnea is one of the commonest post-COVID symptoms. The WHO recommends
opioid use in refractory dyspnea.

e Oral and parenteral opioids have been shown to reduce the sensation of dyspnea
without causing significant respiratory depression [11, 12]. Oral morphine can
be given in the dose of 2.5 mg prn/q4h.

e Oral mirtazapine [13] in the dose of 15 mg once daily can be prescribed for post-
COVID chronic dyspnea Alternatively, oral promethazine can be added in dos-
age of 25-50 mg thrice daily.
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A specialist palliative care physician should be involved in medical care if the
above measures fail, for opioid-tolerant patients, and for patients with kidney or
liver dysfunction.

Non-pharmacological measures: cool wipes, menthol lozenges, cool room tem-
perature, avoid fan due to potential aerosol generation, prone positioning, for-
ward lean position, near window bed, and 20-min mindful breathing.

14.6 Post-COVID Cough: Management

Codeine linctus (15-30 mg prn/QID) is the preferred first-line agent in the phar-
macological management of COVID-associated chronic cough; oral morphine
(2.5 mg prn/g4h) is used as the second-line agent [14]. Inhaled steroids and bron-
chodilators have also been tried in refractory cough with some benefit.
Tiotropium (18 mcg daily) has also been used.

Gabapentin (300 mg TDS up to a maximum dose of 600 mg TDS) or pregabalin
(up to 150 mg BD) can be considered for refractory post-COVID cough [15].
N-acetylcysteine (200 mg TDS up to the maximum dose of 600 mg BD) is useful
in patients with productive cough with thick secretions.

Non-pharmacological measures: Treat underlying causes, identify and avoid
cough triggers (cold air, cold drinks, dry atmospheres, particular food and spices,
exertion, talking), drink warm water and honey, and practice mindful coughing
(surf the urge and huff if necessary); for productive cough, measures include
huffing, incentive spirometry, and self-administered chest physiotherapy.

14.7 Post-COVID Fever

Fever associated with headache or body ache is treated with oral paracetamol
(1 g prn/QID) or ibuprofen (200-400 mg prn/QID).

Non-pharmacological measures include rehydration, cool wipes, reducing room
temperature, consuming cold drinks or ice cream, loose clothing, and light
bedding.

14.8 Psychological and Spiritual Suffering

Deep breathing exercises and relaxation techniques can be utilized.
Benzodiazepines, e.g., alprazolam or lorazepam, should be used carefully in
patients where anxiety is refractory to psychological measures. If required in
elderly, these should be given in low dose and tapered rapidly [16].

Second-line agents for the treatment of anxiety includes gabapentin, olanzapine,
and haloperidol.

Oral melatonin is an option for post-COVID patients with sleep disturbances [17].
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14.9 Psychosocial Support

Post-COVID patients and caregivers both face challenges at the level of various
fronts—physical, psychological, spiritual, and socioeconomic. Palliative care helps
in alleviating the suffering at the physical and psychological levels. In general, com-
munication with patients and caregivers regarding the disease course and prognosis
is challenging, especially in terminal illnesses. This is even more difficult during the
pandemic due to the need to maintain physical distancing and use of personal pro-
tective equipment. Palliative care plays an important role in solving this conundrum.
Healthcare providers need to:

* Give realistic hope and honest opinion

e Show empathy with the patient and their family members during the end
stage of life

* Acknowledge the emotions demonstrated by the patient and family

* Listen patiently

* Handle any anger or dissatisfaction with maturity and restraint

Reports suggest that the mental health effects of COVID can persist for pro-
longed periods of time even after clinical recovery. Managing this stressful period is
an essential aspect of palliative care [18].

14.10 Grief and Bereavement

Rapid deterioration in the health and a fatal outcome of COVID infection are events

for which family members may not be mentally prepared. Due to policies of isola-

tion, often the family members are unable to meet their loved ones in the last

moments of life. In all these situations, palliative care plays an important role.
Management of grief and bereavement [19]:

1. Recognize the suffering and emotions of caregivers
2. Rule out organic causes such as psychiatric disorders
3. Provide psychological and emotional support

4. If required, refer to a mental healthcare professional

14.11 Psycho-education

The physician must give accurate information in a calm and composed manner dur-
ing times of stress. Techniques such as yoga, meditation, mindful breathing, and
problem-solving skills are extremely helpful. During end-of-life stage, if the patient
requests, then spiritual concerns should be considered important and addressed, if
possible. Therapies to foster purpose at the end of life will enhance the overall out-
come. Pharmacological management in the form of escitalopram 10-20 mg/day or
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sertraline 50-200 mg/day can be prescribed for anxiety and depression. To over-
come the anxiety due to the disease and disease-associated stigma, patients may be
given lorazepam 1-2 mg at night. However, these drugs should be stopped at the
earliest possible. Agitation or delirium may respond to haloperidol 2.5-5 mg/day or
olanzapine 5-10 mg/day.

14.12 Take-Home Message

Integration of palliative care in acute COVID and post-COVID phase is of para-
mount importance for enhanced decision-making, better symptom management,
safe use of opioids, alleviation of social isolation at the end of life, and bereave-
ment support. The knowledge and expertise of a palliative care specialist should
be utilized for these purposes.

One must optimize interdisciplinary coordination, maintain continuity of care,
enhance social support, include palliative care services at the primary healthcare
level with the help of teaching and training, and form standard treatment guide-
lines and protocol for different pandemic phases.
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