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Abstract

Vaccination for coronavirus disease 2019 (COVID-19) is a critical strategy in
controlling the current pandemic of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2). After widespread COVID-19 vaccine imple-
mentation, isolated case reports about myocarditis as a potential adverse reaction
started coming. As of November 12, 2021, Centers for Disease Control and
Prevention (CDC) has reported 1793 cases of myocarditis or pericarditis among
young people with age 12-29 years, most cases have been reported in the male
adolescent age group after the second dose of mRNA COVID-19 vaccines. It is
very important to monitor the safety standards and adverse reactions of vaccines
to effectively implement the vaccination policies. The CDC and the United States
Food and Drug Administration actively monitor vaccine-associated adverse
reactions a well-known platform such as Vaccine Adverse Event Reporting
System. CDC continues to recommend COVID-19 vaccines and booster doses for
eligible individuals (age limit according to the type of vaccine) after careful
consideration from risk-benefit assessment and favorable outcomes from
vaccination. Mechanisms behind COVID-19 vaccine-induced myocarditis are not
clear yet but several possibilities such as molecular mimicry between the spike
protein of SARS-CoV-2 and self-antigens, immune response to mRNA, and
activation of host immunological system, trigger of the pre-existing dysregulated
immunological system have been documented in the literature. Overall, data

July 25,2022 | Volumel1l | Issued |


https://www.f6publishing.com
https://dx.doi.org/10.5501/wjv.v11.i4.170
mailto:kartikdhaduk@gmail.com

Jaishideng®

Dhaduk K et al. COVID-19 vaccination and myocarditis

suggests a good prognosis, especially in young patients. In this review article, we cover currently
available data on COVID-19 vaccine-related myocarditis incidence, concerns, possible mechanisms
of myocarditis, current treatment, and outcome trends, risk vs benefit assessment of COVID-19
vaccination in this current pandemic.

Key Words: Coronavirus disease 2019 vaccine; Myocarditis; mRNA vaccine; Severe acute respiratory
syndrome coronavirus-2; Vaccine complications; Risk assessment

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronavirus disease 2019 (COVID-19) vaccination campaign is progressing successfully, and
more than 400 million vaccine doses have been administered in the United States. We support the
COVID-19 vaccination drive given positive data on preventing significant morbidities from COVID-19
disease in fully vaccinated people and relatively rare occurrences of serious side effects. Many questions
remain open such as: whether patients with a history of vaccine-associated myocarditis should receive the
subsequent vaccines or booster doses, the long-term effect of vaccine-associated myocarditis, how to
identify the high-risk individuals for such adverse reactions to selectively save vulnerable populations, etc.
There is still substantial research to be done in this direction to answer unsolved questions.

Citation: Dhaduk K, Khosla J, Hussain M, Mangaroliya V, Chauhan S, Ashish K, Gupta R, Pal S. COVID-19
vaccination and myocarditis: A review of current literature. World J Virol 2022; 11(4): 170-175

URL: https://www.wjgnet.com/2220-3249/full/v11/i4/170.htm
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), a disease that originated from a viral infection caused by severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), was declared a global pandemic on March 11,
2020, by the World Health Organization. Since the declaration of the pandemic, tremendous efforts have
been made towards the development of safe and effective COVID-19 mitigation, specifically through the
administering of vaccines. Three of the COVID-19 vaccines were approved by the United States Food
and Drug Administration (FDA) for emergency use: the first approval was for Pfizer-BioNTech COVID-
19 Vaccine on August 23, 2020[1], the second approval was for Moderna COVID-19 vaccine on
December 18, 2020[2] and the third approval was for Janssen COVID-19 vaccine on February 27, 2021[3].

Viral infections are known to cause acute myocarditis by a direct effect on cardiac myocytes causing
myonecrosis[4]. Additionally, other mechanisms have also been described including autoimmune
response and vasculitis leading to injury. Post-immunization myocarditis as a rare adverse reaction after
vaccination has been reported historically after the administering of the smallpox, anthrax,
Haemophilus type B, influenza type B, BCG, typhoid fever, influenza and hepatitis B vaccines[5]. The
Centers for Disease Control and Prevention (CDC) and the FDA monitor vaccine-associated adverse
reactions through the use of a system known as the Vaccine Adverse Event Reporting System (VAERS)
[6]. The CDC and FDA use extensive data and statistical methods to generate recommendations relative
to vaccine safety and continue to recommend COVID-19 vaccination among everyone ages 5 and older
[7]. VAERS is also contingent upon reporting bias, including underreporting (mild adverse events) and
overreporting (especially with intense media attention and public awareness)[6].

The data and literature continue to accumulate each day regarding COVID-19 vaccine-related adverse
events. Myocarditis, in general, has been reported as a rare adverse reaction after the 2" dose of the
COVID-19 vaccine, especially in young males. Within the contents of this review article, we intend to
expound upon COVID-19 vaccine-related myocarditis incidence, available data and statistics, possible
mechanisms of vaccine-related myocarditis, current treatment trends, outcomes of such events, and risk
vs benefit assessments of COVID-19 vaccination in the current pandemic. PRISMA flow diagram for
article review is shown in Figure 1.

COVID-19 VACCINE-RELATED MYOCARDITIS INCIDENCE AND CLINICAL PRESEN-
TATION

The CDC reported that more than 448 million doses of the COVID-19 vaccine had been administered in
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Figure 1 PRISMA flow diagram.
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the United States as of November 19, 2021. Furthermore, upwards of 195 million people have been fully
vaccinated, and 33.5 million people have received the COVID-19 booster vaccine[8]. The CDC has
reported 1793 cases of myocarditis or pericarditis among young individuals (age 12-29 years) vaccinated
for COVID-19, predominantly in adolescent males after the second dose of mRNA COVID-19 vaccines
9.

The estimated incidence rate appears to be very low; a comprehensive cohort study from Israel
reported 2.13 cases per 100000 vaccinated persons with an incidence rate per 100000 persons for disease
severity as 1.62 for mild myocarditis, 0.47 for intermediate myocarditis, and 0.04 for fulminant
myocarditis[10]. Another study observed an incidence of 0.8 cases per 1 million doses of first dose
COVID-19 vaccine and 5.8 cases per 1 million doses of second dose in 10-d observation window[11].
There is substantial heterogeneity in the incidence rate of vaccine-associated myocarditis, in respect to
age and sex of the population as well. Numerous case series and case reports have reported findings
consistent with post-COVID-19 immunization myocarditis. Such association was not found in clinical
trials for these vaccines. One of the explanations could be a rarity of such adverse reactions, which
gained clinical attention after the beginning of the global scale vaccine administration program.

Data from the available literature suggest patients experienced the symptoms within 12 h to 5 d and
primarily after the second dose of COVID-19 vaccine administration; the majority were young male
individuals and had good clinical outcomes[12-14]. A study from Israel reported 54 cases of postimmun-
ization myocarditis within approximately 3 to 5 d after the second dose of the vaccine; only one case
was fulminant and required extracorporeal membrane oxygenation, 83% of patients did not have co-
existing medical conditions, 69% of patients developed myocarditis after the second dose of COVID-19
vaccine[10].

The key to identifying such cases is a high index of suspicion in young patients presenting with chest
pain or cardiac symptoms within a few days of COVID-19 immunization. A review of the literature
suggests patients with acute myocarditis typically present with chest pain (100% cases); myalgia,
fatigue, fever (33%-86% cases); palpitations, dyspnoea, fatigue[15]. Blood work shows elevated
troponin, C-reactive protein, brain natriuretic peptide; common electrocardiography (EKG) findings are
ST-segment elevation, diffuse ST-T changes, ventricular and supraventricular tachycardias, but no EKG
changes have also been reported. Echocardiogram findings varied from being normal to reduced
systolic heart function, but a review article has reported primarily normal cardiac function in patients
ages 18 years and younger, and more systolic dysfunction in patients ages 30 years and older. Cardiac
magnetic resonance imaging was only available in a selective number of patients; late gadolinium
enhancement in anterolateral and inferolateral cardiac walls was consistently noticed, few patients had
myocardial edema on T2 mapping. Cardiac biopsy is a confirmatory test for acute myocarditis, it was
noted very infrequently in available literature[10,15,16].

POSSIBLE MECHANISM OF MYOCARDITIS

The Pfizer-BioNTech and Moderna COVID-19 vaccines are mRNA vaccines, which contain nucleoside
modified mRNA encoding the SARS-COV-2 viral spike protein. Once administered, mRNA particles
induce viral spike protein synthesis in the host cells which then stimulates adaptive immune response to
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produce IgG antibodies to this spike proteins. Such vaccine induced IgG antibodies help neutralising the
virus by preventing the attachment of SARS-COV-2 virus to host cell receptors via spike protein[15].

The generation of heart reactive autoantibodies against multiple antigens can have a functional effect
on cardiac cells[17]. Autoantibodies develop more frequently in first degree relatives of patients with
cardiomyopathy, raising possibility of genetically susceptible subgroup of patients. The role of
molecular mimicry between the spike protein in the SARS-COV-2 virus and self-antigens has been
extensively studied. A study has demonstrated possible cross-reactions between viral spike protein and
many tissue proteins including alfa-myosin[18] which may potentially play a role in molecular mimicry
mechanism affecting cardiomyocytes. Nucleoside modification plays a critical role in effective and safe
mRNA vaccine development as it selectively activates the innate immune system to appropriate target
cells and regulates the immune response which is essential in vaccine development[19]. The innate
immune system can recognize genetic materials of pathogen that usually lack RNA modifications[19]. A
potential immune mediated adverse event such as triggering of the pre-existing dysregulated immune
pathways in susceptible individuals leading to exaggerated immune response could be a potential
mechanism of myocarditis after mRNA vaccination, such hypothesis have already been generated for
COVID-19 viral infection[20]. The overresponse and overproduction of the innate immune system with
adaptive mechanisms leads to pathological response. The overexpression of interferon-gamma that
drives innate and viral responses to the vaccine booster leads to cardiac events which involve MAPK
and JAK-STAT pathways[21]. A report demonstrated no significant elevation of IgM and IgG antibody
levels in patients with myocarditis compared to patients without myocarditis after mRNA vaccination
[22], provided an evidence against a hyperimmune response as a potential mechanism in general
population. Young male predominance for myocarditis cases have been reported in the literature but
there is no clear understanding of it. One possibility may be that gender differences in the stimulation of
neutrophils and release of cytokines such as TNF-a and IFN-y with predisposition in males and higher
hormonal stimulation at puberty may explain propensity of males to get higher rate of vaccine
associated myocarditis, but this needs to be validated[23]. Significant research is still required to better
understand the molecular and genetic aspects of such potential mechanisms and vaccine complications.

MANAGEMENT AND OUTCOMES OF COVID-19 VACCINE RELATED MYOCARDITIS

Fortunately, most cases of myocarditis after COVID-19 vaccination had favorable outcomes. Those
patients responded well to medical therapy and recovered from their symptoms within a short period.
All patients presenting with chest pain within a week after receiving the COVID-19 vaccination should
undergo complete evaluation for broad differentials of diagnoses. Initial evaluation includes EKG,
troponin levels, and inflammatory markers such as erythrocyte sedimentation rate and C-reactive
protein. Further workups including echocardiography, cardiac catheterization, and cardiac magnetic
resonance imaging should be considered to establish the diagnosis of myocarditis/pericarditis. Besides
cardiology, infectious diseases and rheumatology should also be consulted to rule out other causes of
myocarditis/ pericarditis[15]. All these cases should be reported to VAERS. Further management of
these patients is based on their clinical presentation, hemodynamic and rhythmic stability, and disease
progression. Patients with acute chest pain, up-trending troponins, EKG changes, or signs of
hemodynamic/rhythm instability need to be hospitalized and closely monitored. Many patients
responded well with supportive care, nonsteroidal anti-inflammatory drugs, colchicine, and steroids. In
patients with left ventricular systolic failure, it may be reasonable to consider additional treatments such
as beta-blockers, aspirin, and angiotensin-converting enzyme inhibitors. The average duration of
hospital stay is found to be less than a week in the cases reported so far[15,24]. Recently, a case report
was published mentioning fulminant myocarditis after COVID-19 vaccination, which unfortunately
proved to be fatal for one patient in particular[25]. While such an outcome is certainly alarming, the
CDC has not confirmed any death that could be directly attributed to myocarditis related to COVID-19
vaccination.

RISK ASSESSMENT OF VACCINATION

Despite reports of myocarditis, COVID-19 vaccination data is reassuring in terms of safety standards.
The CDC reports a significantly higher rate of hospitalization for unvaccinated adults compared to
vaccinated adults; risk is 10 times higher for unvaccinated adolescents ages 12 to 17 years, 9 times
higher for unvaccinated adults more than 18 years of age, 14 times higher for unvaccinated adults 18 to
49 years of age, 13 times higher for unvaccinated adults 50 to 64 years of age, and around 6 times higher
in unvaccinated adults older than 65 years of age[26]. In terms of mortality risk, CDC data from August
2021 reported unvaccinated individuals had a risk of death from COVID-19 related complications
around 11 times higher compared to vaccinated individuals[27]. Infection rate and mortality rate were
lower in vaccinated individuals irrespective of vaccine brand (Pfizer, Moderna, or Janssen). As of
November 19, 2021, more than 448 million doses of the COVID-19 vaccine have been administered in
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the United States[8] and during this time, VAERS has received 9810 reports of death (0.0022%) related to
the COVID-19 vaccine[9]. Reports of adverse events including mortality reports do not necessarily mean
a vaccine-related complication. Total deaths from COVID-19 disease as of November 20, 2021 are more
than 770461 in United States alone[28]. Considering the risks and benefits of COVID-19 vaccines, it is
evident that vaccines have a positive impact on COVID-19 related morbidity and mortality. Therefore,
the CDC continues to recommend COVID-19 immunisation to all eligible individuals and continues to
monitor upcoming data very closely.

CONCLUSION

In conclusion, the COVID-19 vaccination campaign is progressing successfully, and more than 400
million vaccine doses have been administered in the United States. The CDC and other organizations
are actively monitoring the safety standards and adverse reactions related to COVID-19 vaccination.
After a thorough evaluation of risk vs benefit, the CDC continues to recommend COVID-19 vaccination
in everyone ages 5 or older[7]. We support the COVID-19 vaccination drive given positive data on
preventing significant morbidities from COVID-19 disease in fully vaccinated people and relatively rare
occurrences of serious side effects. Many questions remain open such as: whether patients with a history
of vaccine-associated myocarditis should receive the subsequent vaccines or booster doses, the long-
term effect of vaccine-associated myocarditis, how to identify the high-risk individuals for such adverse
reactions to selectively save vulnerable populations, efc. There is still substantial research to be done in
this direction to answer unsolved questions.
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Abstract

Coronavirus disease 2019 (COVID-19) continues to create havoc and may present
with myriad complications involving many organ systems. However, the
respiratory system bears the maximum brunt of the disease and continues to be
most commonly affected. There is a high incidence of air leaks in patients with
COVID-19, leading to acute worsening of clinical condition. The air leaks may
develop independently of the severity of disease or positive pressure ventilation
and even in the absence of any traditional risk factors like smoking and un-
derlying lung disease. The exact pathophysiology of air leaks with COVID-19
remains unclear, but multiple factors may play a role in their development. A
significant proportion of air leaks may be asymptomatic; hence, a high index of
suspicion should be exercised for enabling early diagnosis to prevent further
deterioration as it is associated with high morbidity and mortality. These air leaks
may even develop weeks to months after the disease onset, leading to acute
deterioration in the post-COVID period. Conservative management with close
monitoring may suffice for many patients but most of the patients with pneumo-
thorax may require intercostal drainage with only a few requiring surgical
interventions for persistent air leaks.

Key Words: Air leak; COVID-19; Pneumothorax; Pneumomediastinum; SARS-CoV-2;
Subcutaneous emphysema
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Core Tip: Air leaks are an under-recognized and under-reported complication of coronavirus disease 2019
(COVID-19). Air leaks may also develop in spontaneously breathing patients without any underlying risk
factors. Because these leaks may be asymptomatic and may even develop weeks to months after the onset
of disease, a high index of suspicion is warranted to ensure early diagnosis and timely intervention. Still,
patients with air leaks have poorer overall outcomes with greater need for ventilatory support, longer
length of hospitalizations, and higher mortality rates. A better understanding of its pathophysiology may
help in preventing the development of air leaks and improve outcomes.
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URL: https://www.wjgnet.com/2220-3249/full/v11/i4/176.htm
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a multisystem disorder that can lead to a myriad of complic-
ations. The pathogenesis of respiratory failure is complex and covers different clinical scenarios such as
pneumonia, acute respiratory distress syndrome (ARDS) with normal to low lung compliance,
pulmonary embolism, and heart failure. Air leak (AL) injury is a well-documented but rare complication
of COVID-19, leading to increased morbidity and mortality, particularly in the intensive care unit (ICU)
setting[1]. AL is a clinical phenomenon associated with the leakage of air from a cavity that contains air
into spaces that usually, under normal circumstances, do not have air[2]. The AL syndrome (ALS) is the
presence of AL with associated symptoms of respiratory distress[2]. The AL may be classified as
pneumothorax (air within the pleural cavity), pneumomediastinum (air in the mediastinum),
pneumopericardium (air within the pericardial sac), pneumoperitoneum (air within the peritoneal
cavity), subcutaneous emphysema (air within the subcutaneous tissue), pneumorrhachis (air within the
spinal canal), and retroperitoneal emphysema (air within the retroperitoneum area).

Because of the possible inherent component of COVID-19, the patients are more prone to develop AL
than other ICU patients. It can be spontaneous, occurring without any precipitating event, or iatrogenic
due to invasive or non-invasive mechanical ventilation[1]. Pneumothorax has been reported as the most
common cause of AL, followed by pneumomediastinum, and subcutaneous emphysema, with a few
case reports of pneumopericardium and pneumoperitoneum|[1,3]. However, pneumomediastinum may
be under-recognized and under-reported as most patients are asymptomatic, and pneumomediastinum
may be easily missed in chest X-rays. Some case series have reported that pneumomediastinum may be
the commonest form of AL and may also be a predictive factor for pneumothorax[4,5].

The literature on AL in COVID-19 patients is limited to case reports, case series, and meta-summaries.
The data on the guidelines and management of AL does not explicitly address the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)-infected patients. This review aims to examine the
breadth of the available literature on this challenging clinical entity concerning the ongoing pandemic,
its clinical effects, and its management strategies.

EPIDEMIOLOGY

The exact incidence of AL remains uncertain in COVID-19 patients, as most studies on the subject did
not have a specific imaging protocol for the diagnosis. The reported incidence of AL in patients with
severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome is 12%-30% and 15%-
30%, respectively[6-8]. However, the incidence is lower (0.6%-1%) among COVID-19 patients, but a
higher incidence (12.8%-28.6%) has been reported in critically ill patients[1,9]. Compared with non-
COVID-19 acute respiratory distress syndrome (ARDS), the patients with COVID-19 related ARDS
(CARDS) requiring invasive mechanical ventilation (IMV) had a seven times higher incidence of AL,
despite using lung-protective mechanical ventilation[10,11].

A retrospective analysis of the SARS-CoV database identified the mean presentation of AL at 19.6 +
4.6 d from the onset of symptoms[12]. While most of the data show variability in the onset of AL from 9
to 19.6 d from the time of COVID-19 admission[9], it has been seen up to 60 d in some case reports[13].
In patients requiring IMV, it is generally detected after 4-14 d of its initiation[9].

Risk factors

ALs have been shown to occur more commonly in the older population with COVID-19, and there is a
higher incidence in males (M:F = 4:1)[3,14,15]. Nevertheless, this age difference could result from the
selection bias of elderly patients who tend to run a more severe course of COVID-19.
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While pulmonary diseases like asthma, chronic obstructive airway disease (COPD), interstitial lung
disease, lung bulla, and a history of smoking are known risk factors for pneumothorax in the general
patient population, no such correlation has been observed in COVID-19 patients[3,9,13-15]. In fact,
studies have shown that non-smoking COVID-19 patients have a 5.5 times increased risk of developing

pneumothorax[15]. Several other risk factors have been reported in different studies, as enumerated in
Table 1.

PATHOGENESIS

The pathogenesis of SARS-CoV-2 causing AL injuries is complex and not entirely comprehended.
Whether CARDS represents a typical or atypical form of ARDS remains a matter of debate. The primary
target site of SARS-CoV-2 is angiotensin-converting enzyme-2 (ACE-2) receptors. The higher affinity of
ACE-2 receptors for SARS-CoV-2 than that for the SARS coronavirus-1 (SARS-CoV1) may be responsible
for the high infectivity of the former[16]. ACE-2 receptors are mainly expressed in type II pneumocytes,
besides the vascular endothelium, myocardium, proximal tubules of the kidneys, and intestines[16].
Down-regulation of ACE-2 receptors by SARS-CoV-2 leads to the loss of ACE2 protective function in the
local renin-angiotensin system of the lung on inflammation, fibrosis, and pulmonary arterial
hypertension. Endothelial dysfunction plays a pivot role in the pathogenesis of SARS-CoV-2 infection
by: (1) Unopposed angiotensin II upregulation causing vasoconstriction, increasing the dead space, and
producing arterial hypoxemia; (2) coagulation and complement system activation, leading to a
thrombotic macro- and micro-angiopathy; and (3) maladaptive immune response and exaggerated
inflammatory response[17]. Eventually, these elements cause a lung injury characterized by interstitial
inflammatory infiltrates, interstitial alveolar edema, hyaline membrane formation, airway inflammation,
and microvascular thrombosis[1,16,17,18]. These factors increase the frailty of airways and alveoli, with
early cyst or bullae formation and extensive alveolar destruction, forming cavitary lesions over time,
mainly in the non-dependent and caudal region. The peripherally located cysts can either rupture
spontaneously or during positive pressure ventilation (PPV) due to increased alveolar pressures,
especially in the advanced stages when the lung has undergone fibrotic changes. While PPV may be a
contributing factor, data suggest that 30-40% of the patients with COVID-19 who developed ALs were
never on invasive ventilation, suggesting that mechanisms apart from barotrauma may play a
significant role in the development of AL[3,14].

AL in spontaneously breathing patients

Macklin phenomenon: The marginal alveoli have bases in the bronchi, bronchioles, blood vessels, and
pleura separated by a connective tissue layer or interstitium. Increased intrathoracic pressure, by
coughing, vomiting, sneezing, defecation, or in cases of asthma or COPD exacerbation, results in
increased intra-alveolar pressure and overinflation of the alveoli creating a large pressure gradient
between the damaged marginal alveoli and lung interstitium. A pressure gradient may also develop
during the Valsalva maneuver by reducing the calibration of pulmonary vasculature without affecting
alveolar pressure. This can rupture the marginal alveoli causing the air to leak with centripetal
dissection along the bronchovesicular sheath towards the lung's hilum and follow to the low-pressure
mediastinum causing spontaneous pneumomediastinum. Pressure in the mediastinum is relieved by the
escape of the air into the subcutaneous tissue resulting in subcutaneous emphysema, mainly at the root
of the neck, as the cervical fascia is continuous with the mediastinum. Air can then further tract to

various cavities causing pneumothorax, pneumopericardium, and retroperitoneal emphysema
(Figure 1)[19].

Patient self-inflicted lung injury: Patient self-inflicted lung injury (P-SILI) signifies the possibility of
lung injury induced by or worsened by the patient's intense inspiratory effort. P-SILI is a vicious cycle as
worsening lung injury increases the respiratory drive, resulting in further strong respiratory efforts. A
strong inspiratory effort in a previously injured lung can lead to the following changes[20]: (1) Swings in
transpulmonary pressure causing the inflation of large volumes, i.e., excessive strain; (2) abnormal
decrease in the alveolar pressure below the positive end-expiratory pressure (PEEP) during assisted
ventilation increasing the transvascular hydrostatic pressure, favoring the aggravation of negative-
pressure pulmonary edema; (3) significant regional transpulmonary pressure differences in the
dependent (posterior) regions than non-dependent (anterior) ones are accompanied by a pendelluft
phenomenon, an intrapulmonary shift of gas from non-dependent to dependent lung regions at the very
onset of inspiratory effort, even before the start of ventilator insufflation. These effects lead to regional
volutrauma and increased cyclic inflation of the dependent regions that were collapsed during
expiration (atelectrauma); and (4) diaphragm injury caused by injurious eccentric contractions.

Early intubation was recommended earlier during the pandemic; however, with the increasing
incidence of morbidity and mortality associated with IMV, a trial of high-frequency nasal cannula
(HFNC) or non-invasive ventilation (NIV) is generally recommended for respiratory support at the
outset. Although these strategies might delay IMV, they can still contribute to AL injury by increasing P-
SILIL In addition, NIV and HFNC may be associated with a higher incidence of barotrauma than
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Table 1 Risk factors for air leaks in coronavirus disease 2019

Risk factors Probable mechanism

Comorbidities like hypertension, diabetes mellitus, and morbid obesity By increasing the risk of diffuse alveolar damage
Persistent cough Significant strain by causing sudden alveolar distension
Time from symptom onset Increased risk of P-SILI

Mode of ventilation

Non-invasive: HENC and NIV Increasing the risk of P-SILI
Invasive mechanical ventilation Ventilation associated lung injury
Corticosteroids Weakening the interstitial tissue, lowering immunity, and impairing healing

HENC: High frequency nasal cannula; P-SILI: Patient self-induced lung injury; NIV: Non-invasive ventilation.

Alveolar rupture

Bronchovascular

bundle
Pneumomediastinum
Subcutaneous emphysema Retroperitoneal emphysema
Pneumothorax Pneumopericardium

Pneumoperitoneum

DOI: 10.5501/wjv.v11.i4.176 Copyright ©The Author(s) 2022.

Figure 1 Macklin effect. A: Macklin effect - Increase in pressure gradient between the damaged marginal alveoli and lung interstitium due to increase in
intrathoracic pressure and or decrease pulmonary intravascular pressure, leads to alveoli rupture and development of interstitial emphysema; B: Air disseminates in
the peribronchovascular space up to the pulmonary hila; C: Pnemomediastinum; D: Subcutaneous emphysema; E: Pneumothorax; F: Pneumopericardium; G:
Retroperitoneal emphysema.

standard low-flow oxygen therapies[21]. Hence, delaying intubation and initiation of IMV may also
increase the chances of AL. Therefore, the time from symptom onset to intubation is an independent
predictor of AL development[11].

Secondary bacterial infections may enhance the inflammatory mechanism of lung injury triggered by
SARS-CoV-2 infection, thus increasing the susceptibility to persistent ALs (PALs). Necrotizing lung
infections caused by Klebsiella pneumoniae, Staphylococcus aureus, and Aspergillus spp. may also increase
the susceptibility to AL (Figure 2).

CLINICAL FEATURES

As already stated, ALs generally develop later in the disease course, but a minority of patients (less than
1%) have been shown to have AL at the initial presentation[15]. Clinical manifestations can vary from
being asymptomatic to having life-threatening conditions. AL may be an incidental finding in 50% of
the patients as they may be asymptomatic or have symptoms that might be attributed to disease
progression rather than AL[3].
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Figure 2 Pathogenesis of air leaks in coronavirus disease 2019. COVID-19: Coronavirus disease 2019; ACE-2: Angiotensin-converting enzyme-2; P-

SILI: Patient self-inflicted lung injury; VILI: Ventilator-induced lung injury.

In some studies, pneumothorax in COVID-19 is primarily unilateral and predominately on the right
side[1,3]. The most common symptoms of pneumothorax include chest pain and dyspnoea, causing
respiratory distress and requiring hospital admission, or worsening of pre-existing respiratory
symptoms with increased oxygen requirement. Chest pain is of sudden onset, often sharp, and stabbing
type of pleuritic pain, which radiates to the ipsilateral shoulder or arm. The patient might be

tachypnoeic and tachycardic, with reduced chest movements and absent breath sounds on examination.

Pneumomediastinum is generally benign; however, retroperitoneal chest pain, dyspnoea, coughing
spells, neck pain, or dysphagia can be present[22]. Mediastinal crunching over the cardiac apex and the
left sternal border, synchronous with the heartbeat, known as the Hamman's sign, can be heard on
auscultation. Subcutaneous emphysema causes painless swelling over the neck and chest, which on
palpation gives a feeling of tissue paper in the hands, known as crepitus. This may be the first sign
suggestive of an AL. On physical examination, pneumopericardium can be detected by water wheel

sound ("bruit de Moulin").

Malignant pneumomediastinum, pneumopericardium, or tension pneumothorax can result in
mechanical obstruction, causing a decrease in venous return, hemodynamic instability, and circulatory
collapse. This compels a prompt diagnosis and intervention.

CLINICAL EVALUATION

Thorough clinical history and physical assessment remains the key to diagnosing ALs. Apart from
pulmonary embolism and acute coronary syndrome, a high index of suspicion for ALS is advised in
COVID-19 patients with acute onset of hemodynamic instability, worsening hypoxemia, and or

hypercapnia.

Laboratory parameters

As such, there is no single laboratory parameter that may assist in making the diagnosis or confirming
AL. In patients with SARS-CoV AL, high lactate dehydrogenase (LDH) levels were associated; however,

in COVID-19 patients, LDH levels are not significantly high, and mixed results are observed[21,23,24].

Other laboratory parameters associated with increased incidence of AL are increased serum bilirubin
and C-reactive protein levels[11]. Arterial blood gases may be helpful to document hypoxemia and
sometimes hypercapnia. The resultant respiratory distress or shock may lead to hyperlactatemia.
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Imaging

Chest radiography: Chest radiography is the first investigation performed as it is simple, inexpensive,
and rapid. Chest X-ray has a pooled sensitivity of 52-60% and specificity of 88-95% for diagnosing
pneumothorax and pneumomediastinum[25]. The best diagnostic film for pneumomediastinum or
pneumothorax is a lateral chest X-ray, with the affected side up for the latter. However, the lateral view
is challenging to achieve in the ICU setting. Pneumomediastinum can be differentiated from
pneumopericardium on chest X-ray as the former shows air around the heart anteriorly (behind the
sternum) and superiorly lifting the thymus but not below (diaphragmatic border). In contrast, air
surrounds all the heart's borders in pneumopericardium.

Chest ultrasonography: Ultrasonography is a readily available bedside tool in evaluating critically ill
patients and is the only imaging modality that allows scouring for reversible causes of non-arrhyth-
mogenic cardiac arrest during ongoing resuscitation. Ultrasound has a pooled sensitivity of 88%-95%
and specificity of 100% for diagnosing pneumothorax. However, the presence of subcutaneous
emphysema can affect the accuracy of ultrasound[26]. Features of lung ultrasound for the diagnosis of
pneumothorax include: Absence of lung sliding (high sensitivity and specificity), absence of comet-tail
artifact (high sensitivity and low specificity), and presence of lung point (high specificity and low
sensitivity).

Pneumopericardium and pneumomediastinum are arduously diagnosed by ultrasound. In the case of
a large pneumopericardium, an echocardiogram shows "no heart" or absent cardiac images, especially
during systole as the heart is pushed further away from the transducer by the air and then returns with
diastole. This finding is also known as an "air gap sign" found in pneumomediastinum and pneum-
opericardium, seen using M-mode[27]. One distinguishing factor between the two is the inability to see
the heart in the subxiphoid view in the case of pneumopericardium. In contrast, the heart is usually well
visualized in pneumomediastinum due to its direct contact with the diaphragm without an obstructing
air artifact[28]. However, similar findings are often seen with respiratory interference, which may
develop if the patient is tachypnoeic. Spontaneous or swirling bubbles may be seen in the pericardial
space in patients with pneumopericardium. Ultrasonography is heavily operator-dependent, and its
sensitivity further drops in patients with ARDS. In addition, it cannot be used to discriminate between a
COPD-associated bleb and pneumothorax.

Computed tomography: Computed tomography (CT) is the gold standard in diagnosing ALs and
differentiating bullous disease from pneumothorax. Nevertheless, transporting a critically ill patient on
mechanical ventilation and vasopressors to the imaging facility could be perilous. Also, the risk-benefit
should be contemplated owing to radiation risk with CT. In addition, the risk of spread of infection
should also be kept in mind in patients with active COVID-19 disease.

The Macklin effect on lung parenchyma in CT images is a linear collection of air contiguous to the
broncho-vascular sheath. CT has a sensitivity of 89.2% (95% confidence interval [CI]: 74.6-96.9),
specificity of 95.6% (95%CI: 90.6-98.4), and accuracy of 94.2% (95%CI: 89.6-97.2) to detect the Macklin
effect. Macklin's effect on CT can accurately predict AL development in CARDS patients 8.5 d in
advance[29].

CLASSIFICATION OF SEVERITY

The most straightforward and widely used technique to quantify AL is asking the patient to cough
while observing the water column and the water seal column in the chest tube drainage system. During
this maneuver, no air bubbles in the water seal suggest that pleural space is devoid of air. If the intensity
of bubbles remains the same on repeated coughs, it is likely to be an active leak. The AL is deemed
significant if bubbling is even present during normal breathing or while the patient is talking. However,
this method lacks standardization and validation among observers.

The other most commonly used classification is the Cerfolio system[30], which is also based on
observation but is less subjective and is a validated classification. It is based on the degree of the leak
(measured with an AL meter) and the phase of respiration in which it appears (Table 2). However, there
is no specific classification for AL in COVID-19 patients.

PERSISTENT AIR LEAK

Persistent AL (PAL) refers to the continued airflow from the endobronchial tree to the pleural space,
which can occur due to an abnormal connection between the pleural space and airways (bronchopleural
fistula, BPF) or alveolus. An AL is referred to as a PAL when it persists longer than 5-7 d. This typically
used 5-d cut-off to define PAL was initially derived from the expected length of stay following
pulmonary resection, where an AL for several days was not uncommon[31,32]. However, some authors
suggest that an AL in the setting of secondary spontaneous pneumothorax should be considered
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Table 2 Cerfolio classification of air leaks

Grade Description

Grade 1, FE During forced expiration only, typically when asking the patient to cough
Grade 2, E During expiration only

Grade 3, I During inspiration only

Grade 4, C Continuous bubbling both during expiration and inspiration

Jaishideng®

persistent after 48 h[31]. Although the exact incidence of PAL is unknown, it may be prevalent in
patients with COVID-19. Before diagnosing PAL, one must inspect the chest tube drainage circuit, as a
leak in the circuit or malfunctioning three-way stop cock may masquerade as BPF.

MANAGEMENT

The treatment option for COVID-19 associated ALs depends on their type and severity. Currently, there
are no guidelines for managing ALs in COVID-19 patients. Many patients with ALs may be managed
conservatively, gradually absorbing the air in the following days. The patient should be closely
monitored for any clinical deterioration. If possible, PPV should be avoided in such patients, and low-
flow oxygen delivery devices for oxygen supplementation or, if required, an HFNC might be preferable
over NIV. No independent lung ventilation strategies are consistently effective in expediting the
resolution of ALs in a patient on PPV. Although reducing the tidal volume, PEEP, and inspiratory time,
if feasible, can promote closure of the pleural defect[33].

Even though most of the COVID-19 patients with pneumomediastinum and around 30% of patients
with pneumothorax may be managed conservatively, the remaining patients will require intercostal
drainage (ICD), and a few will require further surgical intervention[34]. Tension pneumothorax,
pneumomediastinum, or pneumopericardium can be fatal and require immediate decompression. For
tension pneumothorax, needle drainage may be performed through the second intercostal space
anteriorly in the mid-clavicular line, followed by chest tube drainage. For tension pneumomediastinum
drains on the anterior thoracic wall, and for tension pneumopericardium pericardiocentesis may be
performed for decompression.

As per British Thoracic Society guidelines, in bubbling chest drains in patients with COVID-19, viral
filters should be installed onto the suction port of a chest drain bottle. An alternative approach to
reducing the risk of spread of infection through droplets is the use of digital drain circuits (for example,
Thopaz+, Medela), though they do not contain a viral filter[35].

Management of PAL

The management of PAL can prove to be a challenging task, with the first step being localization of AL.
The lack of predictive models to identify patients in whom a resolution of AL is likely to occur conser-
vatively leads to incertitude. As a result, management strategies have been highly variable among
different centres. There are reports of 80% of cases having been treated conservatively for 14 d with
success; however, a delay in surgery may detrimentally affect surgical outcomes and prolong hospital
stay. Therefore, an individualized approach to PAL is suggested to improve patient outcomes[31]. As
per the two guidelines on the management of PAL, based on the consensus of expert panels, one should
consider early surgery in case that the AL persists beyond 4 d, followed by pleurodesis to prevent
recurrence[36,37]. However, surgical repair may not be feasible in critically ill patients with CARDS due
to a further increase in morbidity or mortality. In the case of an expected conservative resolution, ICD
for a prolonged duration may be preferred[3]. The other promising option is the bronchoscopic
placement of a one-way endobronchial valve, which appears to be a reasonable minimally invasive
therapeutic option with a high success rate. Again, the risk of spread of infection while performing
bronchoscopy should be considered in patients with active COVID-19. Autologous blood pleurodesis,
Heimlich valve positioning, and albumin-glutaraldehyde tissue adhesives are additional less invasive
options for recurrent and refractory cases[38].

Negative pressure suction

It is common to apply negative suction to chest tubes to enhance pleural apposition. There is no
unanimity on whether or not applying suction to the chest tube is beneficial or hazardous. A water seal
is usually not helpful or even contraindicated in patients with severe restrictive lung disease and a
substantial risk of bleeding. An "alternate suction" protocol with suction pressure of -10 cm H,O during
the night and water seal only during daytime appears to be a safe option in such patients. It may
decrease AL or chest tube duration in patients without a relevant pneumothorax, progressive
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subcutaneous emphysema, or cardiorespiratory deterioration[39]. There is no data regarding the use of
suction in COVID-19 patients. While managing COVID-19 patients, if no viral filter is attached to the
suction port, the drainage system can be placed on suction with a suction canister, and the medical gas
vacuum lines exhaust providing negative pressure.

PREVENTION OF AIR LEAK SYNDROME

As the development of AL is associated with substantial morbidity and mortality, every measure should
be taken to prevent AL. If the CT scan demonstrates the Macklin effect, such patients should take extra
care to avoid further damage, e.g., avoiding PPV, avoiding high airway pressure, and favoring extracor-
poreal technologies instead.

Conceptually, HFNC could limit P-SILI risks compared to NIV, but the tidal volume in the former is
difficult to monitor. Also, clinicians should be aware that HFNC may be associated with a higher
incidence of barotrauma than the standard, low-flow oxygen therapies, which should be preferred if the
patient's condition allows.

In patients on IMV, using a lung-protective ventilation strategy by reducing the alveolar pressure and
distension reduces the risk of developing pneumothorax. Judicious use of neuromuscular blockers in
patients with high airway pressures or those with patient-ventilator dyssynchrony may also reduce the
chances of AL by reducing the negative pressure and shear stress in the pleural cavity.

An excessive and insufficient respiratory effort may result in deleterious anatomical and functional
modifications of the diaphragm. Thus, if feasible, using lung and diaphragm protective ventilation
simulates a normal inspiratory effort, which also benefits early weaning by reducing the sedation
requirement. Transposing this notion into clinical practice needs assessment of the patient's inspiratory
effort and potentially perilous patient-ventilator interactions, which may be significantly facilitated by
oesophageal pressure (Pes) monitoring. If Pes is unavailable, meticulous clinical assessment and
analysis of tidal volume, flow, and airway pressure waveforms from the ventilator can help detect
situations at risk of P-SILI. Nonetheless, no clinical study has demonstrated improved patient outcomes
by limiting P-SILI risk[20,40].

Lastly, timely application of extracorporeal carbon dioxide removal and extracorporeal membrane
oxygenation with lung-protective ventilation strategy may play a key role in preventing pneumothorax
in critically ill patients with severe ARDS and refractory hypoxemia.

OUTCOME

The overall prognosis of patients with AL is guarded. The development of AL has been associated with
a higher need for IMV, prolonged hospitalization, and higher in-hospital mortality[1,9,13]. High
mortality rates ranging from 40% to 74% have been reported. Patients with pneumothorax have been
reported to have higher mortality than patients with pneumomediastinum. Also, patients developing
AL while on PPV may have higher mortality rates[1,3,9,33].

CONCLUSION

As our clinical knowledge of COVID-19 expands, we must recognize that AL is not an uncommon
complication of COVID-109. It is likely a sequela of COVID-19 progression resulting from an inflam-
matory insult and increase in respiratory effort that may foist changes within the lung parenchyma. A
high level of clinical suspicion is merited for an early diagnosis as most patients are asymptomatic, and
it should be suspected when there is sudden respiratory or hemodynamic deterioration. One should be
vigilant when choosing to continue oxygen therapy via various oxygen delivery devices in patients with
a high respiratory drive, as P-SILI can aggravate the disease progression, especially in patients who
have evidence of Macklin effect on CT. Patients with AL may be managed conservatively but under
strict observation. ALS is associated with increased morbidity and mortality, especially in the elderly
and patients on IMV despite lung-protective ventilation.
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Abstract

BACKGROUND
The coronavirus disease 2019 (COVID-19) pandemic has brought fundamental
changes to our problems and priorities, especially those related to the healthcare

sector. India was one of the countries severely affected by the harsh consequences
of the COVID-19 pandemic.
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AIM
To understand the challenges faced by the healthcare system during a pandemic.

METHODS

The literature search for this review was conducted using PubMed, EMBASE, Scopus, Web of
Science, and Google Scholar. We also used Reference Citation Analysis (RCA) to search and
improve the results. We focused on the published scientific articles concerned with two major vital
areas: (1) The Indian healthcare system; and (2) COVID-19 pandemic effects on the Indian
healthcare system.

RESULTS

The Indian healthcare system was suffering even before the pandemic. The pandemic has further
stretched the healthcare services in India. The main obstacle in the healthcare system was to
combat the rising number of communicable as well as noncommunicable diseases. Besides the
pandemic measures, there was a diversion of focus of the already established healthcare services
away from the chronic conditions and vaccinations. The disruption of the vaccination services may
have more severe short and long-term consequences than the pandemic’s adverse effects.

CONCLUSION

Severely restricted resources limited the interaction of the Indian healthcare system with the
COVID-19 pandemic. Re-establishment of primary healthcare services, maternal and child health
services, noncommunicable diseases programs, National Tuberculosis Elimination Program, etc.
are important to prevent serious long-term consequences of this pandemic.

Key Words: COVID-19; Healthcare system; Pandemic; India; Healthcare services

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The interaction of the Indian healthcare system with the coronavirus disease 2019 pandemic was
limited by restricted resources. Lack of infrastructure, low percentage of gross domestic product
expenditure on health, and deficiency of skilled manpower play a critical role in the healthcare system to
manage infectious diseases, noncommunicable diseases and maternal and child health services.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic, since its start at the end of 2019 in Wuhan, China,
has changed the face of our planet. The pandemic affects almost every detail in our daily life, from
dietary consumption to education and obviously to healthcare utilization, the primary sector affected by
the pandemic[1]. The evolution of the pandemic has created extra challenges to the different healthcare
sectors across the world, either those dealing with patients directly or those responsible for logistic
supplies to the healthcare facilities[2]. The healthcare sectors in the developing countries were especially
affected, suffering from the limited public health infrastructure and medical supplies even before the
pandemic[3-5]. In India alone, COVID-19 infected > 10 million citizens, and > 45000 had died by the end
of September 2021, and the number is increasing every day|[6].

The strain and fast changes created by the pandemic have put the Indian healthcare services in an
impending collapse due to the destructive waves of the pandemic[7]. Before the pandemic, the Indian
healthcare services were struggling to meet the primary healthcare (PHC) demands of the public
affected by a variety of communicable diseases and noncommunicable diseases (NCDs)[8]. Besides
COVID-19, other medical conditions with a public health concern like acquired immune deficiency
syndrome, tuberculosis (TB), and malaria outbreaks continue to pose a strain on the healthcare services
and continuous monitoring is required to detect and manage these conditions at an early stage[9]. Also,
NCDs are now the leading cause of death in India, accounting for about 60% of all deaths across the
country[10]. The emergence of the COVID-19 pandemic at the end of 2019 has forced many secondary
and tertiary healthcare centers designated to receive millions of daily patients to be dedicated only for
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COVID-19 presumptive cases. These effects have created a huge gap in the provision of healthcare
services in managing chronic cases[11].

A recent multicenter survey conducted by Raman et al[12] has demonstrated that the COVID-19
pandemic has a significant negative effect on healthcare providers with an exaggerated feeling of
inadequacy: [odds ratio (OR) = 3.015], inappropriateness: (OR = 2.225), and discontinuity of care: (OR =
6.756) together with associated depression and social loneliness. India, which was already suffering
from an unacceptably high maternal mortality rate of 41.4 per 1000 live births in 2013, developed a
significant interruption in the maternal and child health services during the pandemic[13,14]. This
negative effect has extended to almost all established maternal/child healthcare services, including
antenatal care and immunization services. For instance, some regions have demonstrated a decrease in
institutional deliveries by about 2.26%. Antenatal health services were badly affected, with a decline
estimated to be 22.9%[15]. Prenatal care visits in China have dropped, healthcare infrastructure has been
stretched, and possibly damaging practices have been introduced with insufficient proof[16]. Garg et al
[15] has demonstrated that PHC services were severely disrupted. They have also surveyed the
readiness of PHCs across India and demonstrated a severe shortage in infection control measures, i.e.,
infection prevention and control. Twenty-nine of 51 participating PHCs had inadequate ventilation in
the workplace, while NK95 masks were available only in half of the centers[15,17]. During the pandemic
in Australia, healthcare utilization fell by roughly a third, with significant variance, and with more
considerable decreases among persons with less severe disease[18].

This narrative review discusses the different factors associated with the unavailability of resources in
healthcare facilities during the COVID-19 pandemic in India. We also highlight how the deficiency of
PHC services may contribute to the sustainability of the COVID-19 pandemic in India.

MATERIALS AND METHODS

The review was carried out through the following methodological steps (Figure 1). Different search
terms related to the Indian healthcare system formulated two health strategies. The first health strategy
was used to target the characteristics of the Indian healthcare system before the pandemic together with
its associated challenges, which include: (((("India"[Mesh]) AND "Delivery of Health Care"[Mesh]) OR
"Community Health Planning"[Mesh]) OR "Health Services"[Mesh]) AND "Epidemiology"[Mesh]. The
second health strategy was centered on the Indian healthcare system and health situation during the
pandemic using the following terms ((("India"[Mesh]) OR ("COVID-19"[Mesh] OR "SARS-CoV-
2"[Mesh])) AND "Delivery of Health Care"[Mesh]) OR "Delivery of Health Care, Integrated"[Mesh].
PubMed, EMBASE, Scopus, Reference Citation Analysis (RCA), Web of Science, and Google Scholar
were used to search the related literature. We also employed Reference Citation Analysis, an open
multiple disciplines citation analysis database powered by artificial intelligence technologies. All of the
papers were stacked and screened initially by title to categorize the papers into eligible or noneligible.
Eligible literature was further screened using full text to exclude any irrelevant information. References
of the relevant studies were also screened to track any missed helpful literature. The above
methodology was consistent with the previously reported methodology of narrative reviews studies.

RESULTS

The healthcare situation in India before the pandemic

India has a large and diverse healthcare system that suits the cultural diversity of the community[5].
The healthcare system in India was initially built to ensure that all citizens have access to essential
healthcare services regardless of their socioeconomic status[19]. However, the ambitious healthcare
system plans were not associated with considerable funds from the governmental agencies. In 2015,
India spent only 1.2% of its gross domestic product (GDP) on health, considered among the lowest in
the world[20]. The inadequacy of government healthcare services has resulted in the simultaneous
evolution of the private health sector[21]. Subsequently, India has one of the highest proportions of
household out-of-pocket expenditures on health globally, estimated at 71.1% in 2008-2009[22]. In
addition, India has the lowest doctor-patient ratios as it has one doctor for 1000 and a specialist for
every 1445 people[23]. The low healthcare expenditure in India had a severe negative impact on health
status even before the COVID-19 pandemic. The pandemic further stretched the fragile nonimmune
Indian healthcare system, leading to a collapse in providing healthcare services in order to contain
COVID-19.

Among its 1.3 billion citizens, NCDs are responsible for 5.78 million (60%) of all deaths in India each
year. The significant NCD-related deaths are usually attributed to cardiovascular disease, cancer and
diabetes[24]. The rising NCD trend is a common phenomenon seen in developing countries where rapid
urbanization leads to an overall economic improvement and has considerable adverse effects on public
health[25]. The Indian health system has adopted multiple changes aiming to bring down NCD-related
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mortality by < 25% by 2025[26]. Although some progress has been achieved in decreasing tobacco and
alcohol consumption, an increasing trend was found for overweight and obesity among Indian adults
aged 15-49 years[24]. Reddy and Kar[26] have demonstrated that the Indian Government’s efforts were
insufficient to achieve its ambitious targets by 2025, even before the pandemic.

Since the start of the epidemiological transition in 1970, there have been significant changes in the
pattern of different diseases across every state in India[27]. Omran’s theory[28,29] describes the
epidemiological transition as a shift in the causes of morbidity and mortality, primarily from infectious
diseases to NCDs. However, the situation was different in India, where the burden of NCDs has been
added to the burden of infectious disease, resulting in a double burden on the undeveloped Indian
healthcare system[27,30]. In India, the epidemiological transition has led to the development of a new
theory based on the concept of the double burden of both infectious diseases and NCDs[31]. The burden
of communicable diseases has declined from 47.7% to only 22.1% between 1970 to the mid-1990s[31].

Even after 40 years from the start of the epidemiological transition in 2011, infectious diseases still
pose a challenge to the Indian health system and account for about 30% of the disease burden[32]. It was
estimated that an Indian citizen had a 15 times greater burden of infectious diseases than United
Kingdom citizens in 2004 and that about 30% of the disease burden in India is attributable to infections
[32]. The lack of strong staple public healthcare infrastructure has contributed largely to stagnation of
the infectious disease burden in addition to the burden of NCDs[30,32]. For instance, in 2009, India
recorded about 2 million new cases of TB, which is considered one of the highest incidences globally
[32]. After 10 years in 2019, India reported about 2.9 million new cases of TB, contributing to about 27%
of all TB cases worldwide[33]. However, India started its TB control program early, in 1960, but failed to
significantly reduce the incidence of new TB cases compared to other countries with similar epidemi-
ological transitions[34,35]. Concerns have been raised about the spread of TB and NCDs, specifically,
diabetes mellitus, which are associated with a more fulminant course of TB[36,37].

Besides TB, multiple endemic infections affect Indian cities and states, such as cutaneous anthrax,
dengue fever, malaria, cholera and viral hepatitis (A and B)[38-43]. Some of these infections are substan-
tially preventable by vaccines[44]. Unfortunately, India contributes to about 10% of 20 million
unimmunized and partially immunized populations[45]. Additionally, India is considered to have one
of the largest rates of endemic hepatitis B, with the second largest burden of chronic hepatitis B, with >
50 million cases[46]. Despite being integrated into the Indian National Immunization Program in 2011,
about 23.2% of children aged 5-8 years were vaccinated against hepatitis B virus[47]. Different causes
have been proposed behind the low vaccination coverage of hepatitis in India; for instance, major causes
are related to the poor management of the available health resources such as poor record-keeping,
improper management of vaccine stocks and lack of inventory control, lack of staff training, and use of
multidose vials. Strikingly, healthcare workers have been reported to be reluctant to open a vial of the
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vaccine when there are a few children to be vaccinated for fear of wastage[48]. It is well noted that even
before the COVID-19 pandemic, India’s healthcare system was strained between the pre-existing
communicable disease challenges and the evolving NCD pattern created by the epidemiological
transition. All of the above challenges are further aggravated by the limited Government funds
allocated to developing the healthcare system (Figure 2).

DISCUSSION

COVID-19 situation in India

The number of people infected with COVID-19 has exceeded 9 million since the report of the first cases
in the state of Kerala on January 30, 2020[1,6]. Following this, the country has witnessed a drastic
increase in the total number of reported cases. The recovery rate across India was 80.83% as of
September 22, 2020, with a case fatality rate of 2.82% as of June 1, 2020[49]. The development of the
pandemic has primarily affected the rapidly developing Indian economy with shrinkage of the GDP by
about 23.9% in April-June 2020[50]. Today, Indian citizens continue to be frightened into compliance
and are afraid to restart their lives normally. Although many states of India have flattened their COVID-
19 infection curve, authorities across the nation are now in fear from the onset of other subsequent
waves of the COVID-19 pandemic secondary to a decreased commitment of health directives of taking
precautionary measures, i.e., social distancing and wearing face masks. Government authorities have
advised citizens to take precautionary measures like social distancing and wearing masks during public
gatherings. Furthermore, a few states, such as Maharashtra, Rajasthan and Gujarat, have introduced
new restrictions such as travel restrictions and night curfew to battle the subsequent waves of the
COVID-19 pandemic[50].

Lack of health resources to fight the COVID-19 pandemic

In India, besides the chronic shortage of healthcare workers, there were significant deficiencies in
different domains of healthcare services and their logistic determinants[51]. For instance, healthcare
facilities have severe deficiencies in infection control measures, i.e., advance infection prevention and
control facilities to contain infected patients and prevent the spread of COVID-19. In 2010, the Indian
Government adopted national guidelines on airborne infection control in healthcare facilities with a
special focus on preventing TB transmission[52]. Five years later, a baseline survey of healthcare
facilities has demonstrated poor adherence to infection control measures aimed to control airborne
infection[53]. Multiple studies have demonstrated several loopholes in the infection control policy,
including insufficient training of staff, unavailability of protective masks, poor compliance to personal
protective practices by health workers, i.e., proper use and disposal of personal protective equipment
(PPE) and other control measures, inadequate disinfection, and sterilization of equipment, lack of health
workers surveillance, lack of counseling of cough etiquette and sputum disposal at registration of
hospitals[54-56].

In 2020, Indian health authorities recently updated the comprehensive national guidelines for
infection control[51]. However, infection control measures across different PHC centers in Indian
districts were grossly deficient, especially related to airborne infection[15]. The shortage was limited to
the infection control measures, but it further extended to the PPE intended to protect the workforce
from infection during the COVID-19 pandemic. It is reported that there is a persistent dearth of PPE in
two private hospitals in Mumbai[57]. Reports from different areas across India have reported that
doctors treat patients suspected of severe acute respiratory syndrome coronavirus 2 infection without
masks or with less-protective surgical masks instead of recommended NK95 masks for healthcare
providers[58]. Unfortunately, the shortage of PPE and high demands have forced healthcare workers to
reuse or extend the use of PPE, which increases their risk of COVID-19[59]. The above behavior, despite
being expected, highlights a lack of proper knowledge and training regarding infection control
measures, usage of PPE, and their proper disposal. In fact, it is one of the rights of healthcare workers to
be adequately trained before exposure to COVID-19 patients[60]. The lack of essential training of
healthcare workers has been reported in several South Asian countries, including India[61]. Multiple
studies have highlighted suboptimal knowledge and practice regarding infection control measures
across Indian health workers[62,63]. Raj et al[54] have reported that only less than half of the healthcare
workers of Kerala, India, were trained on proper infection control practices.

COVID-19 pandemic and provision of childhood and maternal healthcare services

The growing distribution of the pandemic across different countries has delayed or even stopped the
basic childhood vaccination programs as a response to the lockdown or the stretching of the healthcare
resources as a response to the COVID-19 pandemic[64]. The World Health Organization (WHO) has
reported that > 80 million children did not receive routine vaccination globally[65]. This may have
serious long-term consequences even more than COVID-19 itself. For instance, the evolution of the
Ebola outbreak in Africa resulted in halting multiple essential healthcare services, which increased
mortality related to several other infections, including TB, human immunodeficiency virus, and measles
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Ds: Non-communicable diseases; IMR: Infant mortality rate; MMR: Maternal mortality ratio.

which have exceeded the mortality rate from Ebola[66].

In India, the evolution of the pandemic has initially enforced complete stoppage of the whole
childhood vaccination programs secondary to the major lockdown. It was estimated that about 27
million children missed diphtheria tetanus pertussis, resulting in a 40% increase in mortality in the next
year. It has also been estimated that there is an expected 49000 child deaths and 2300 maternal deaths
within a month if the PHC services continue to be disrupted[67,68]. As a response, the Indian
Government has approved the continuation of the vaccination services and consider it an essential
health service[69]. The resumption of the immunization activities was based on the WHO guidelines to
minimize both morbidity and mortality from other diseases[70,71].

Maternal healthcare services have also been severely affected by the development of the pandemic.
Globally, healthcare services have restricted pregnant women’s access to healthcare facilities for fear of
virus transmission and the unknown adverse effects on the newborn, considering the Zika virus in the
background[72,73]. The Health and Family Welfare Ministry has declared pregnant women as high risk
during the COVID-19 pandemic and provides guidelines to provide essential maternal healthcare
services to pregnant women, including the suspected and confirmed cases of COVID-19(74]. Goyal et al
[75] have demonstrated a 45.1% decline in deliveries during the pandemic at their center. They have also
noticed a surge in the number of high-risk pregnancies to about 7.2%. Additionally, more than one-third
of women had no or inadequate prenatal visits, with more than half of them mentioning the lockdown
as a cause of inadequacy of antenatal care.

Effects of COVID-19 pandemic on management of patients with chronic diseases

Since reporting the first case of COVID-19, patients with chronic disease have had significant difficulties
accessing their routine healthcare services worldwide[76]. The presence of chronic conditions like
chronic kidney disease, cardiovascular disease, hypertension, diabetes mellitus, chronic obstructive
pulmonary disease, and malignancy in a patient with COVID-19 has been tied to poorer outcome with
about 10-fold higher risk than those without associated comorbidity[77,78]. WHO has reported that half
of 163 countries have attempted partial or complete disruption of healthcare services for hypertension,
diabetes mellitus, and related complications during the pandemic. Additionally, one-third of the
countries have reported disruption of healthcare services designated for cardiovascular emergencies
[79].

Low- and middle-income countries have sustained considerable difficulty in assuring access to
healthcare services to patients with chronic conditions compared with western countries[80]. Pati et al
[81] conducted a community-based study in Odisha, India, and found that 43% of the patients with
comorbid conditions have reported difficulty in accessing healthcare services. They have also reported
that the most challenging problem was the physician consultation, accounting for 43% of cases. Another
telephone-based survey targeting more than 1000 chronic patients reported that > 80% of the
participants found it challenging to access healthcare services, and 17% of the participants found it
difficult to obtain their medications. The same study also reported that > 50% of the participants
reported a loss of income, and 38% had completely lost their jobs[32]. These clear negative impacts have
forced health authorities to search for more cost-effective approaches to continue healthcare services to
those patients with chronic medical conditions.
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Telemedicine is defined by the WHO as the delivery of healthcare services, where distance is a critical
factor, by all healthcare professionals using information and communication technologies for the
exchange of valid information for the diagnosis, treatment and prevention of disease and injuries,
research, and evaluation, and for the continuing education of healthcare providers, all in the interests of
advancing the health of individuals and their communities[83]. Before the COVID-19 pandemic, India
had a few worthy examples of telemedicine models, including mammography services at Sri Ganga
Ram Hospital, Delhi, and oncology at Regional Cancer Center, Trivandrum[84,85]. During the COVID-
19 pandemic, the contribution of telemedicine in healthcare management has been highlighted. Kumar
et al[86] reported that 71.43% of the orthopedic patients were managed without needing any physical
visits to the outpatient clinics. Additionally, they have reported that 92% of the patients were satisfied
with the telemedicine intervention.

Health-centered solutions learned from the COVID-19 pandemic

The catastrophic health expenditure of < 2% of GDP in India must be increased at least to meet the
expenditures of the surrounding developing Asian countries[87]. The COVID-19 pandemic has
indicated that dependence on the private healthcare sector, assuming that an increase in the overall
income of the individuals can cover their health expenditures, cannot be a good approach to healthcare
management[88]. India also needs to establish a national stock level of PPE and other essential medical
supplies like ventilators together with an efficient network to monitor and deliver upon need[89].
Learning from other Asian neighbors, both Taiwan and Singapore have established a similar network of
PPE management which proved to be critical and efficient in the PPE management during the pandemic
[90,91].

Establishing national manufacturing units is also essential to maintain an adequate supply to the
Indian hospitals and other healthcare facilities even at times of global catastrophes. The enhancement of
local manufacturing on a mass scale should be essentially accompanied by maintaining the ban of PPE
exportation[89,92]. Together with providing adequate equipment to fight the pandemic, there is an
impending need to enhance and maintain the training of healthcare workers regarding critical topics
like infection control practices[93]. Diwan et al[94] have reported that attending training sessions have
significantly impacted and improved hand hygiene among healthcare workers in rural India. In
adjacent countries/territory like Singapore, Japan and Hong Kong, a high level of readiness of
healthcare workers has played a critical role in early controlling the pandemic[95].

Besides empowering the healthcare system, it is also essential to engage the healthcare professionals
in decision-making to avoid collateral, sometimes fatal, damage of halting essential services like
vaccination and maternal healthcare services even for a short period. Establishing and empowering
telemedicine is another crucial lesson that should be considered in the future. Integration of
telemedicine even after the pandemic should be encouraged and continue as it has proved to be
effective in the diagnosis, management of chronic disease, and guiding the treatment for different
medical conditions in a cost-effective way[96,97].

RCA was used in this manuscript to improve the results and highlights[98].

CONCLUSION

During the COVID-19 pandemic, India’s healthcare system is overstretched in terms of resources, with
all essential healthcare services, including maternal and child healthcare services, jeopardized. India
needs to increase the investment and proportion of GDP in developing and improving its universal
healthcare system to accommodate future pandemics/disasters or outbreaks. Intersectorial coordination
and partnership with private entities, at a fast pace, are needed to meet the demands of the healthcare
delivery system and provide universal standard healthcare to every citizen of India.

ARTICLE HIGHLIGHTS

Research background
India was one of the countries worst hit by the devastating effects of the coronavirus disease 2019
(COVID-19) pandemic. The healthcare system was unable to manage the situation.

Research motivation
The underperformed healthcare system during the pandemic exposed the crisis.

Research objectives
To identify the challenges faced by the Indian healthcare system during the pandemic.
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Research methods

The review was conducted using a literature search from the database of PubMed, Web of Science,
EMBASE, Scopus, etc. The main focus was on the Indian healthcare system and the impact of a
pandemic.

Research results

The Indian healthcare system was already under pressure before the pandemic. The overburden of
patients and essential health services were not handled efficiently. Many healthcare facilities were
lacking the basic standards of patient care. The vaccination and chronic disease services were hampered
due to the shifting of focus to COVID-19.

Research conclusions

Universal Health Coverage should be provided to each person. Increase in percentage expenditure of
gross domestic product for the health sector, escalate infrastructure development, and increment of
skilled manpower required.

Research perspectives
To meet the incremental demand in health care services during and after the pandemic, India needs to
invest more in this sector with a goal of Universal Health Coverage.
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Abstract

BACKGROUND

Persistent hiccups, lasting more than 48 h, have been described as an atypical
presentation of coronavirus disease 19 (COVID-19) in the general population. To
the best of our knowledge, this is the first report of persistent hiccups and non-ST
elevation myocardial injury (NSTEMI) as an atypical presentation of COVID-19 in
a peritoneal dialysis (PD) patient.

CASE SUMMARY

A 70-year old man, who had been on PD for 3 years with a history of ischemic
heart failure and reduced ejection fraction, presented for a scheduled radionuclide
myocardial scan. Upon arrival, he complained of anorexia, nausea for 5 d, and
unremitting hiccups for the previous 48 h. Clinical and laboratory examinations
revealed an NSTEMI plus a positive nasopharyngeal reverse transcriptase
polymerase chain reaction testing for severe acute respiratory syndrome
coronavirus 2. COVID-19 lung involvement was mild and was resolved without
specific treatment. Myocardial injury was managed by coronary catheterization
and stenting, while hiccups responded only to baclofen per os.

CONCLUSION
Persistent hiccups and NSTEMI can be atypical presentations of COVID-19 in
peritoneal dialysis patients, which may be due to involvement of the central
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nervous system and myocardial injuries.
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Core Tip: A 70-year old man with end-stage kidney disease on peritoneal dialysis, presented for a
scheduled myocardial scan due to ischemic heart failure. Upon arrival, he complained of persistent hiccups
during the last 2 d along with anorexia and vomiting for the last 5 d. He was diagnosed with coronavirus
disease 2019 (COVID-19) and non-ST elevation myocardial infarction (NSTEMI). Hiccups and NSTEMI
are postulated to represent atypical COVID-19 manifestations involving the nervous system and the heart.

Citation: Bacharaki D, Giannakopoulos P, Markakis K, Papas C, Theodorou A, Zoi V, Tsivgoulis G, Lionaki S.
COVID-19 presenting with persistent hiccup and myocardial infarction in a peritoneal dialysis patient: A case
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INTRODUCTION

The usual presentation of coronavirus disease 19 (COVID-19) includes fever and cough in the general
population and in dialysis patients[1]. Gastrointestinal symptoms including anorexia, nausea, and vomit
have also been described, although more rarely than in chronic renal patients[2]. Persistent hiccups, i.e.,
lasting more than 48 h, have been infrequently described in the general population with COVID-19[3,4].
To the best of our knowledge, this is the first case of COVID-19 presenting with persistent hiccups and
non-ST elevation myocardial injury (NSTEMI) in a peritoneal dialysis (PD) patient.

CASE PRESENTATION

Chief complaints

A 70-year-old man with end-stage kidney disease (ESKD) maintained on PD, presented in April 2021 for
a scheduled myocardial scan, having ischemic heart failure with reduced ejection fraction (35%). Upon
arrival, he complained for anorexia, nausea, and vomit tendency and unremitting hiccups.

History of present illness

Gastrointestinal (GI) symptoms started 5 d ago and persistent hiccups 2 d ago, preventing him from
eating and considerable sleeping. He denied any abdominal pain, stool change, cloudy PD fluids, fever,
chest discomfort, symptoms suggestive of gastroesophageal reflux, or change of his custom PD regimen.
His medications included metoprolol, monosorbide, ramipril, simvastatin/ezetimibe, furosemide,
acetylsalicylic acid, pantoprazole, folic acid, and darbepoetin injections. He denied any new drug
initiation or new dietary habits.

History of past illness

The patient’s past medical history was significant for cardiorenal syndrome following myocardial
infarction in 2000, with coronary angioplasty and stent insertion, arterial hypertension, dyslipidemia,
and a recent diagnosis (one month) of seronegative rheumatoid arthritis. Notably, 15 d prior to
presentation, he had been admitted due to anemia (hemoglobin fall to 7.7 g/dL), nausea, and appetite
loss, all attributed to recent initiation of leflunomide 10 mg daily for rheumatoid arthritis. At that time,
C reactive protein was 141mg/L (reference < 6 mg/L), white blood cell count 6280/pL, serum urea 89
mg/dL, creatinine 6.5 mg/dL, and ferritin 642 ng/mL.

He was managed with red blood cells infusions and discontinuation of leflunomide. He was
discharged in 2 d with Hb 9.4 g/dL, stable high sensitive troponin 209 pg/mL (reference < 14 pg/mL,
while the patient’s high sensitive troponin routine assessment values were between 255-430 pg/mL),
free of gastrointestinal symptoms, with good appetite and negative nasopharyngeal reverse
transcriptase polymerase chain reaction (RT-PCR) testing for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).
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Personal and family history
ESKD due to cardiorenal syndrome; PD initiated 3 years ago; carpal tunnel syndrome diagnosed 1 year
ago; former truck driver; and no special family history.

Physical examination

Physical examination revealed a weight loss of nearly 2 kg (74 kg), temperature of 36.5 °C, oxygen
saturation 98% on room air, and low blood pressure (117/73 mmHg, heart rate 90 beats per minute in
sitting position). No signs of peripheral edema nor pulmonary congestion were noted. Abdominal
examination was negative, as was heart and lung auscultation. The patient appeared ill with persistent
hiccups, weakness, anorexia, and vomit tendency, in contrast with his relatively good clinical condition
on discharge 13 d ago.

Laboratory examinations

Peritoneal dialysis fluid analysis revealed a normal cytology and biochemistry and negative Gram
staining. Serum laboratory examination revealed C reactive protein of 36.8 mg/L, hemoglobulin of 9.8
g/dL, white blood cell count 4530/pL (neutrophils 58%, lymphocytes 28%), stable serum urea and
creatinine, ferritin 855 ng/L, but troponin elevation to 1650 pg/mL.

Electrocardiography showed a sinus rhythm with left bundle branch block, not different compared to
previous tracings while echocardiography revealed worsening of ejection fraction to 25%. Routine
nasopharyngeal RT-PCR arranged upon admission revealed a positive result and he was transferred to
the COVID clinic.

Imaging examinations
Due to severe co-morbidities and a positive RT-PCR test for SARS-CoV-2, chest computed tomography
was performed, showing signs of mild COVID-19 pneumonia, i.e., less than 10% degree of lung infilt-

ration in the right upper lobe, as small areas of ground glass opacities and small areas of atelectasis
(Figure 1).

FINAL DIAGNOSIS

Mild COVID-19 pneumonia; NSTEMI; and persistent hiccups due to SARS-CoV-2 nervous system
involvement.

TREATMENT

Due to mild pneumonia, the patient did not receive any specific treatment for COVID-19. Regarding
NSTEMI, he received dual antiplatelet therapy and Enoxaparin subcutaneously on a daily basis. He
continued his usual ambulatory PD regimen of four daily glucose-based PD exchanges, 2000 mL each
(glucose 1.5% and 2.25% alternating) with a daily ultrafiltration of 1000-1200 mL. Due to persistent
hiccups and anorexia that prevented him from eating and drinking, he received intravenously one liter
of semi-isotonic glucose solution daily with potassium supplementation. Metoclopramide injections
three times per day were prescribed for hiccups and then replaced by Chlorpropamide 25 mg three
times per day after 2 d of intractable hiccups. On the 7 day, Baclofen tablets was given orally, at a dose
of 10 mg per os daily for 5 d.

OUTCOME AND FOLLOW-UP

Upon initiation of baclofen tablets, the patient’s hiccups improved significantly and they ceased
completely within 48 h. As a result, the patient was able to eat and sleep, claiming to be in good
condition despite NSTEMI and COVID-19. He remained euvolemic with stable arterial pressure records
(around 110/70 mmHg, 70 pulses/min). He did not experience any chest discomfort and his troponin
values gradually fell to previous baseline levels. Maximum temperature was 37.3 °C but oxygen
saturation remained stable at 98% on room air.

A coronary angiogram was performed on the 12" day of hospitalization (on negative COVID-19
PCR), which revealed a significant stenosis at the proximal segment of the first obtuse marginal branch,
while the previous stent was intact. A coronary angioplasty was performed 1 mo later with stent
implantation and recovering of ejection fraction to 35%.
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Figure 1 Chest computed tomography at admission.
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DISCUSSION

This patient presented for as scheduled appointment, complaining of nausea, anorexia, and unremitting
hiccups. He had not changed his PD regimen, nor his dietary habits or medical prescription. Clinical
assessment revealed NSTEMI and mild COVID-19 pneumonia of the upper right lobe. Unremitting
hiccups remained his main problem while hospitalized.

Hiccup is caused by diaphragmatic muscle contractions with early glottis closure terminating
inspiration. Its pathogenesis is still obscure but lately is considered a deranged neural loop connecting
the brain stem and diaphragm[5]. Persistent hiccups, lasting more than 48 h, have been associated with
central nervous system, cardiovascular, thoracic, metabolic, and gastrointestinal disorders[5].

Uremia as a potential cause of gastrointestinal symptoms and/or hiccups was excluded, due to stable
biochemical parameters and unchanged urinary output or PD regimen. Electrolyte and acid base
disturbances were absent. Another potential cause of persistent hiccups could be gastro-esophageal
reflux[6], which is a common complication of PD[7], but the symptoms were missing. Pneumonia
caused by common pathogens[8] as well as by SARS-CoV-2[3,4] has been reported as a cause of
persistent hiccups. Interestingly, apart from cases of lower lobe pneumonia, which would suggest direct
irritation of the diaphragm as a potential mechanism resulting in hiccups[8], the association of persistent
hiccups with COVID-19 has increasing publications with other sites of lung involvement[9].
Noteworthily, our patient had only minor infiltration in the upper lobe on chest computed tomography
(Figure 1). Persistent hiccups have also been reported as an associated symptom in cases of myocardial
infarction, primarily in the inferior myocardial wall, thus in proximity with the diaphragm, suggesting
that hiccups could be triggered by irrigation of the phrenic nerves or alternatively by the vagus nerve
supplying the pericardium, but rarely as the only presenting symptom[10]. There is a case report of
persistent hiccups as an atypical presentation of non-ST elevation myocardial injury[11]. In our case,
there was a gradual fall of cardiac troponin levels while the hiccup was still persisting, responding
eventually only to baclofen. The stenosed vessel, as revealed by angiography (the proximal segment of
the first obtuse marginal branch), perfuses the infero-lateral myocardial wall.

Furthermore, nausea and vomiting can be associated symptoms of myocardial infarction[12] and
more rarely the presenting symptom in atypical cases[13].

On the other hand, there are numerous reports associating myocardial injuries and infarctions with
COVID-19, with potential causes being direct myocyte injury and prothrombotic effect of SARS-CoV-2
infection[12]. Nevertheless, it is still difficult to differentiate between non-COVID acute coronary
syndrome and COVID-19 induced acute myocardial injury[14]. Noteworthy, gastrointestinal symptoms,
such as diarrhea (more often) nausea and vomiting, often accompany COVID-19, either by direct
infection of GI cells or indirectly[15], although diarrhea was absent in our patient. Since the underlying
mechanisms of persistent hiccups are various disorders (structural, infectious, and inflammatory) that
impact either the central nervous system or the phrenic nerves or their branches[16], one could
speculate that COVID-19 could be linked causally with hiccups by nervous system involvement[17].

Baclofen is a gamma-aminobutyric acid B receptor agonist approved as a medication to control
spasticity[18]. It has been used successfully for persistent hiccups of different etiologies with an action
attributed to either reduction of dopamine release in the central nervous system, which could interrupt
hiccup's reflex arc or induction of transient lower esophageal sphincter relaxations, by stimulating
gamma-aminobutyric acid B receptors in the motor nucleus of the vagal nerve and nucleus tract
solitarious[18]. Hiccups attributed to COVID-19 have been managed with hydroxychloroquine, metoclo-
pramide, and chlorpropamide, as well as a combination scheme with baclofen included[3,4,9]. In this
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case, hiccups did not respond to metoclopropamide nor chlorpropamide, but on the contrary had an
immediate and complete response to baclofen.

Based on the above, COVID-19 may be the unifying cause of all. Anorexia, vomit tendency, and
hiccup could be manifestations of SARS-CoV-2 gastrointestinal[15] and/or nervous system involvement
[16,17,18,19]. Non-ST myocardial infraction could also be a manifestation of COVID-19[11]. COVID-19
induced endotheliitis could be the underlying pathophysiology of nervous system and heart
involvement[18,20].

CONCLUSION

A case of atypical presentation of COVID-19 in a PD patient with persistent hiccups and NSTEMI is
described here. We may speculate that they could be the result of SARS-CoV-2 involvement of the
nervous system and heart, respectively. Baclofen seems to be the drug of choice for persistent hiccups
even in patients with ESKD.
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Abstract

Patients with lymphoid malignancies are at a higher risk of coronavirus disease
2019 (COVID-19) infection due to their immunocompromised state and results in
higher mortality rates in these patients. Anti-CD 20 therapy is one of the leading
causes of immunosuppression that worsens in COVID-19 cases. COVID-19
vaccines, on the other hand, appear to be less beneficial to these patients. App-
ropriate treatment and recommendations are required for these COVID-19
patients with lymphoid malignancies.

Key Words: COVID-19; Lymphoid malignancy; Lymphoma; Vaccination; Immuno-
suppression

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with hematologic conditions are two times more likely than others to
be admitted to the hospital. They are being treated with anti-cancer drugs, which
weakens their immune system. As a result, these patients are always at risk of
coronavirus disease 2019 (COVID-19). As we know, the COVID-19 is very lethal, and
hematological malignancies are likely to increase the risk of negative outcomes from
this viral infection. Currently, there are no guidelines for treating COVID-19 infected
patients with hematological malignancies.
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TO THE EDITOR

In March 2019, the World Health Organization declared the novel coronavirus disease 2019 (COVID-19),
caused by the severe acute respiratory syndrome coronavirus 2, as a pandemic. Nearly one-third of
patients with lymphoid malignancies experienced severe complications of COVID-19 and required
hospitalization[1,2]. According to the 2017 World Health Organization classification, there are more
than 80 different types of mature lymphoma, which are divided into three major categories: B-cell
neoplasms, T-cell and natural killer cell neoplasms, and Hodgkin lymphomas[3]. We recently read the
paper from Riches[4] entitled “Impact of COVID-19 in patients with lymphoid malignancies” in your
prestigious journal “World Journal of Virology”. I sincerely thank the author for providing vital
information about the effect of COVID-19 in patients with lymphoid malignancies.

Patients with lymphoid malignancies are highly susceptible to COVID-19 infection because they are
already immunocompromised due to active cancer treatments. In this review article, the author mainly
focused on the impact of COVID-19 on chronic lymphocytic leukemia, which is the most common form
of leukemia in western countries[5]. In the present article the author included case studies, cohort
studies, systematic reviews, and meta-analyses. Several lines of evidence suggested that the type of
hematological malignancy and target antineoplastic therapy, older age, and various preexisting
conditions such as hypertension and diabetes are all linked to mortality in lymphoma patients[6-8]. A
retrospective study of 343 patients with hematologic malignancies and hematopoietic stem cell
transplantation found that severe acute respiratory syndrome coronavirus 2 infection progressed to
pneumonia in 119 patients (35%), including those with leukemia, those over the age of 65 years, and
those with severe neutropenia or lymphopenia. It also found that more than 85% of patients with
lymphoid malignancies required hospital admission, with 9% admitted to the intensive care unit and an
overall mortality rate of 34.5%[9].

The information available on the effects of COVID-19 in patients with various hematologic diseases is
limited. A series of case reports of COVID-19 patients with various hematological malignancies
increases the risk of adverse complications due to immunosuppression caused by the underlying cancer
and treatment effects[10-13].

The author does not have much data to show the impact of lymphoma on COVID-19 vaccination at
the time of writing his paper. In this context, we would like to mention two recent studies that analyzed
the efficacy of the BNT162b2 mRNA COVID-19 vaccine in patients with chronic lymphocytic leukemia
and multiple myeloma. According to these studies, BNT162b2 mRNA COVID-19 vaccine negatively
affects the production of neutralizing antibodies in patients treated with anti-chronic lymphocytic
leukemia and anti-myeloma therapies[14-16]. As hematologic malignancies are life-threatening
conditions and the majority of the medications are immunosuppressive agents that progress to the
severe/critical stage and collapse of patients, data for medications in these conditions with COVID-19
are limited[17,18]. To avoid severe conditions and death, researchers/clinicians must develop an
appropriate medication guideline for lymphoma patients infected with COVID-19. Percival et al[19]
compiled a list of treatment recommendations for patients with hematologic malignancies during the
COVID-19 pandemic. Further, more trials on COVID-19 vaccines on these patients should be done along
with current therapies of hematologic disease to reveal the appropriate therapies in which these
vaccines are effective.
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Abstract

We were intrigued by Hanum et al, who published a study on the prevalence of
human immunodeficiency virus (HIV) in homosexual, bisexual, and other men
who have sex with men at sexual health clinics in England and the relationship
between baseline variables and future HIV occurrence. Chemically-enhanced
sexual experience (chemsex) is becoming a global phenomenon. There are
increasing medical and academic concerns about chemsex, where substances are
used to boost sexual satisfaction, which is prevalent in groups, especially among
homosexuals. Lesbians, gays, bisexuals, transgenders, and queers have become
increasingly visible, valued, and committed community. However, chemsex
requires urgent attention.

Key Words: Men who have sex with men; Methamphetamine; Application of novel
psychoactive substances; Drug abuse; Lesbians, gays, bisexuals, transgenders; Chemsex

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The human immunodeficiency virus/acquired immunodeficiency syndrome
epidemic and substance abuse have become global concerns in Hong Kong and
everywhere else. It is our opinion that chem-sex exposes the risk factor and affects the
men who have sex with men (MSM) subset of homosexual men and other MSM.
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TO THE EDITOR

In Hong Kong, men who have sex with men (MSM) have coined the phrase “chemfun” to describe
having sex while high on drugs such as methamphetamine and y-hydroxybutyric acid (GHB). It is also
called chemsex or sexualized drug usage elsewhere[1]. Since time immemorial, MSM have used drugs
to enhance the experience of sex, regardless of sexual orientation. Public concern has only recently
surfaced, however, as we have seen some of the serious ramifications of this habit. Resurging sexually
transmitted infections, including human immunodeficiency virus (HIV) and hepatitis C, addiction-
related social and mental health issues, and overdose fatalities, are all part of the problem][2].

Chemsex involves various complicated relationships between sexual and drug-use behaviors[1,3]. It
may include two or more people and may take place at sex-on-premises establishments such as saunas
or clubs. However, it is most often seen in private settings such as houses or leased rooms. Because
methamphetamine has a longer half-life than other stimulants such as cocaine, chemsex sometimes lasts
for a lengthy period of time, such as 10-12 h or even several days. Individuals exhibit various chemsex
patterns and frequencies. They may opt to discontinue after their first experience of usage, prolong, or
increase the intensity or frequency of their usage at various stages in their life. In the United Kingdom,
approximately 20% of HIV-negative MSM surveyed in sexual health clinics and 30% of sexually active
HIV-positive men recently had chemsex[4].

According to the recommended HIV/acquired immunodeficiency syndrome (AIDS) Strategies for
Hong Kong by the Hong Kong Advisory Council on AIDS (2022), chemsex is now a slang term used by
homosexual men and other MSMs to describe sex involving psychotropic substances, typically
methamphetamine and GHB, to improve sex lives. In the HIV and AIDS Response indicator Survey
(HARIiS) 2020, 8.6% of MSM participants admitted engaging in chemsex over the last half year, a small
increase from 7.3% in HARIiS 2018[5]. According to this report, poppers, ice, and GHB were the most
popular drugs. Usually, chemsex users have a better understanding of health issues than those who do
not. This may be due to the greater perceived danger of contracting HIV among MSM. Specifically,
chemsex participants revealed higher levels of HIV testing and pre-exposure prophylaxis (PrEP) use
than non-chemsex participants.

There is a risk of developing addiction to psychotropic chemicals used in chemsex. This includes
symptoms such as high cravings, psychological problems such as impatience, and trouble managing the
dosage. A person’s genetic or biological susceptibility, the type of drugs taken, and the frequency,
duration, and method of administration all play a role in the likelihood of acquiring this problem.
Epidemiological research shows that those with a history of drug use disorders have a 2-5 times greater
chance of having psychiatric problems, including depression. It is possible that both mental health
issues and drug use come from shared risk factors including a history of trauma and underprivileged
upbringing.

Depending on the chemsex behavior, protective or behavioral risk factors may be identified. This
study examined the prevalence of condom usage among important demographics in Hong Kong.
Among MSM, condom use for sexual activity with ordinary partners was relatively low. The prevalence
of persistent condom usage among MSM is inadequate and far below the objective. MSM may use
condoms arbitrarily based on the sex partner/activity[1,6]. Recently, the use of PrEP has increased,
which may be partially responsible for the decline in condom usage[7]. In 2019, there was a near-
successful effort to reduce sharing of needles with other individuals among persons who inject drugs
(PWID); however, there was a resurgence of this trend in 2020. The frontline non-government
organization in Hong Kong stated that the coronavirus disease 2019 pandemic had caused the majority
of PWID to remain at home, and pharmacies to shut down due to insufficient needle supplies[8].

Majority of the data regarding the mental health repercussions of chemsex come from studies of drug
use among homosexual males, regardless of the context of usage. Being part of a sexual minority group
increases the risk of developing a mental illness by around 2-3 times than that of heterosexual
colleagues. The total prevalence of mental illnesses among sexual minority groups associated with drug
use disorders was significantly greater. A recent Australian study discovered that 20%-30% of an online
sample of homosexual males tested positive for mild anxiety or depression. A greater prevalence of
mental disorders was associated with earlier cannabis and methamphetamine use. Moreover, almost
half of these males (46%) had signs of depression. Depression is often characterized by persistent poor
mood, loss of interest in formerly enjoyable activities, changes in sleeping habits and food, and, in
extreme cases, a sense of regret, despair, and suicidal ideation[9,10]. Methamphetamine can cause
psychosis with characteristics comparable to those of schizophrenia[l]. According to a previous study,
up to 15% of chronic methamphetamine users developed psychosis. This danger is greater for
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individuals who use marijuana on a regular, chronic, or injectable basis. They are often characterized by
auditory hallucinations and inability to suspend one’s views in the absence of adequate proof
(delusions), which are frequently persecutory in nature, as though one is being observed or plotted
against. Consequently, disordered, aggressive, or self-harming behaviors may develop[6]

Over 50% of the research participants recently engaged in condomless anal intercourse, including 26
who ultimately tested positive [hazard risk (HR): 3.75, 95%CI: 1.31-10.74]. The number of sexual
partners and the chances of contracting HIV have increased progressively. For instance, five of 60 males
who had five to ten condom-free relationships in the preceding three months tested positive (HR: 9.60,
95%CI: 2.58-35.76)[9].

HIV infection is not linked to age, housing status, economic standing, family situation, previous HIV
screening, fisting, sex toys, PrEP, tobacco use, drinking, or depressive or anxiety disorders. In an era of
expanding access to rapid HIV therapy and PrEP, the findings underscore dangerous situations and
behaviors[7]. The increased risk associated with drug use may reflect subsequent sexual behavior;
however, transmission via shared needles is also a factor.
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Abstract

Despite relative effectiveness of current hepatitis B therapies, there is still no
curative agents available. The new emerging approaches hold promise to achieve
cure and loss of hepatitis B surface antigen. Studies or clinical trials investigating
new therapies remain small and either focus on patients with low viral load and
without hepatotoxic injury or patients with hepatitis D co-infection, which makes
it challenging to assess their effectiveness and side effect profile in hepatitis B
population.

Key Words: Hepatitis B; Hepatitis B virus; Hepatitis B virus entry inhibitor; Bulevirtide;
Transcription activator-like effector nucleases; Zinc-finger nucleases; Clustered regularly
interspaced short palindromic repeats-associated 9; Nucleocapsid assembly modulators;
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©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatitis B could become a curable disease in the near future. As our
understanding of pathophysiology of hepatitis B infection advances, more therapeutic
targets are becoming available. Many new therapies have only been investigated in
small groups of patients with low viral load and without hepatotoxic injury or in patients
with hepatitis D co-infection, which makes it difficult to predict efficacy and side effect
profile when applied to the population of interest. Larger clinical trials in hepatitis B
patients are needed to further investigate the emerging new therapies, so that more
patients can safely benefit from them.
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TO THE EDITOR

We read with great pleasure the article by Leowattana et al[1] about new emerging therapies in
treatment of chronic hepatitis B. They presented a comprehensive review of currently available
therapies, pathophysiology of the hepatitis B infection, and developing new therapies. While current
therapies, such as nucleosides, are effective in suppressing viral replication and preventing progression
of chronic hepatitis to cirrhosis or hepatocellular carcinoma, they are unable to achieve cure from
hepatitis B infection. As a result, new therapies are now being investigated that are aimed at a complete
cure and loss of hepatitis B surface antigen (HBsAg). Leowattana ef al[1] presented a comprehensive
discussion of developing new therapies, which include agents that inhibit entry of hepatitis B virus
(HBV) into hepatocytes, interfere with cccDNA or HBV transcription, alternate nucleocapsid assembly,
and prevent HBsAg release from the hepatocytes. The authors are hopeful that given currently available
evidence on these emerging therapies, chronic hepatitis B could become a curable disease in the near
future. While we share their sentiment and are hopeful for these therapies to be successful in curing
hepatitis B infection, we would like to recommend cautious optimism when assessing these new
therapeutic agents.

HBYV entry inhibitor, bulevirtide, was originally intended to be used for hepatitis D treatment.
Wedemeyer et al[2] presented results of a phase 2b trial in 2019 which included 60 patients with chronic
HBV/ hepatitis D virus (HDV) co-infection. While their results were encouraging, the population under
investigation was small and all of the patients had both viruses present, which makes it more difficult to
apply these results to patients with HBV infection alone. Wedemeyer ef al[2] documented increased bile
acid concentration in patients on bulevirtide and rebound in viral load after therapy discontinuation,
which may cause more liver damage. The increase in bile acid concentration while on bulevirtide was
also investigated by the Blank et al[3] They confirmed increased bile acid concentration associated with
bulevirtide without cholestasis, however, their study was limited to 12 healthy volunteers and did not
include patients with pre-existing chronic liver disease or with hepatitis B infection, which makes it less
applicable to the population of interest. While there are no ongoing clinical trials with hepaitits B
patients on bulevirtire, there is phase 3 trial on bulevirtide use in HDV infection which includes 150
adults with HDV infection[4]. It will help reveal long term effects of therapy and help us better
understand the adverse events associated with it. The downside of this phase 3 trial is that it is limited
to HDV patients. There is still no long-term data on side effect profile of bulevirtide in HBV patients
exclusively. We hope there will be new trials to investigate its application in HBV patients.

Gene editing tools such as the transcription activator-like effector nucleases, zinc-finger nucleases,
and clustered regularly interspaced short palindromic repeats-associated 9 could be a new exciting
therapy option in curing chronic hepatitis B. The authors did a comprehensive review of the available
options for gene editing. It is important to note, however, that like with any genetic intervention there is
a risk of off-target cleavage[5], so more studies and large clinical trials are needed to investigate this
therapeutic option.

Nucleocapsid assembly modulators are another exciting modality reported by Leowattana ef al[1] but
it is another therapy that should be treated with caution until more data from larger clinical trials is
available. Zhang et al[6] reported that 75% of patients in their study evaluating nucleocapsid assembly
modulators experienced elevations in aminotransferases with 4 out of 24 patients requiring to stop
therapy and receive glutathione.

HBYV transcription inhibitors are another emerging therapy that is currently being investigated. There
were two clinical trials evaluating HBV transcription inhibitors in phase II[7,8] and one clinical trial in
phase I[9] that were discontinued because of the observed lethal toxicity of the EX1 delivery
formulation. More studies are needed to investigate the safety profile of this therapy before it can be
considered for clinical application. Another practical consideration with any emerging therapy that
requires a viral vector to be delivered into the cells is the risk of pre-existing immunity to vectors or
development of host immunity to vectors during treatment, which will ultimately render therapy
ineffective[10].

Lastly, HBsAg release inhibitors have been under investigation in various clinical trials. Alanine
aminotransferase flares were observed in 90% of patients treated with HBsAg release inhibitors[11,12].
Additionally, because most of the data came from patients with low viral load, safety and efficacy in
patients with high viral load is still to be determined. Similar to bulivertide, there were reports that
discontinuation of HBsAg release inhibitors caused viral rebound precipitating liver decompensation in
patient with significant chronic liver disease[13].
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We commend Leowattana et al[1] for their comprehensive review of the emerging new therapies that
have the potential to cure chronic hepatitis B. Our goal was to merely add caution to the optimism and
hopefully prompt larger clinical trial specific to hepatitis B population, so that more patients can safely
benefit from the new therapies in the near future.
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Abstract

Coronavirus disease 2019 (COVID-19) is associated with poor cardiovascular
outcomes in patients with heart failure (HF) of all categories of ejection fraction
(EF), but mainly in patients with HF with reduced EF. Moreover, cardiac
transplant patients exhibit worse cardiovascular prognosis, high mortality, and
more admissions to the intensive care unit. In general, COVID-19 seems to de-
teriorate the clinical status of HF and favors the development of acute respiratory
distress syndrome and multiorgan failure, especially in the presence of
cardiovascular comorbidities such as diabetes mellitus, kidney dysfunction, and
older age. COVID-19 may induce new-onset HF with complex mechanisms that
involve myocardial injury. Indeed, myocardial injury comprises a large category
of detrimental effects for the myocardium, such as myocardial infarction type 1 or
type 2, Takotsubo cardiomyopathy, microvascular dysfunction and myocarditis,
which are not easily distinguished by HF. The pathophysiologic mechanisms
mainly involve direct myocardial damage by severe acute respiratory syndrome
coronavirus 2, cytokine storm, hypercoagulation, inflammation, and endothelial
dysfunction. The proper management of patients with COVID-19 involves careful
patient evaluation and ongoing monitoring for complications such as HF.

Key Words: Heart failure; COVID-19; Prognosis; Intensive care unit; New onset heart
failure; Ejection fraction
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Core Tip: Coronavirus disease 2019 poses a serious threat to patients with pre-existing heart failure (HF)
and might induce new-onset HF in hospitalized patients, with complex mechanisms that involve
myocardial injury. Cytokine storm, described as excessive inflammation and coagulation, results in
microvascular dysfunction, myocardial ischemia and myocarditis, which might not be easily distin-
guishable from HF. Patients with advanced HF, such as those with reduced ejection fraction, exhibit worse
cardiovascular outcomes. Treatment should take into consideration patient-specific characteristics and
includes a thorough cardiologic assessment along with obtainment of evidence following published
guidelines.

Citation: Tsigkou V, Siasos G, Oikonomou E, Bletsa E, Vavuranakis M, Tousoulis D. “Heart failure in COVID-19
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TO THE EDITOR

We read with interest the systematic review of John et al[1], who presented the interaction between
coronavirus disease 2019 (COVID-19) and heart failure (HF) from a critical care perspective. After
discussing evidence from 26 observational studies, the authors concluded that patients with HF have
higher mortality during hospitalization for COVID-19, as well as more complications and admissions to
the intensive care unit (ICU)[1]. Furthermore, they found that patients with HF with reduced ejection
fraction (HFrEF) exhibited worse outcomes in comparison to patients with HF with mildly reduced
ejection fraction (HFmrEF) and with preserved EF (HFpEF)[1].

Patients with HF and COVID-19 develop serious complications, according to the literature; these
include severe hypotension, acute respiratory distress syndrome (ARDS), and death[2]. This comes in
accordance with the authors’ conclusions that HF is a risk factor for COVID-19 and that patients with
HF might require hospitalization or develop more complications post hospitalization in ICU, possibly
due to an additional organ injury[1]. Patients with HF often need mechanical ventilation and develop
venous thromboembolism, sepsis, acute kidney injury, and stroke[3]. In clinically unstable patients with
COVID-19 recommendations suggest the discontinuation of chronic cardioprotective medications, such
as angiotensin-converting enzyme (ACE) inhibitors or the angiotensin receptor-neprilysin inhibitor due
to hypotension[4]. Among the literature there is uncertainty about the safety of these drugs in patients
with HF since severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) binds to the ACE2
receptor and administration of these regimens increase the expression of ACE2 in the heart[5,6]. Several
clinical trials are under progress, nevertheless, the current recommendation is to continue these drugs in
clinically stable patients and in infected patients at risk of complications[6].

Heart transplant patients with comorbidities exhibit poorer cardiovascular outcomes and a need for
ICU therapeutic modalities[7]. John et al[1] have also resulted in this conclusion, although the prognosis
of critically ill heart transplant patients was, according to them, somewhat similar to the critically ill
non-heart transplant patients. As mentioned by the authors, patients with HFrEF and COVID-19 have a
poorer overall prognosis[1]. Indeed, COVID-19 is linked to poor prognosis of patients with advanced
HFrEF, which is reflected by the need for inotropes and/or an intra-aortic balloon pump, increased
incidence of lethal arrhythmias and/or cardiogenic or septic shock, and the need for transplantation[8].
However, evidence from the literature indicates that HFpEF might also be a risk factor for adverse
complications, as well as a consequence of COVID-19 due to direct myocardial damage, which hi-
ghlights the need for proper follow-up care of the infected patients[9,10].

COVID-19 may worsen myocardial injury in patients with HF due to the release of pro-inflammatory
cytokines, the so-called ‘cytokine storm’[11]. On the other hand, COVID-19 might ignite de novo left
ventricular dysfunction posthospital admission[2]. Indeed, the risk of de novo HF post hospital
admission, according to the authors, is greater, especially for patients who have been admitted to the
ICU[1]. The diagnosis of de novo HF is challenging, since patients might suffer from subclinical
myocarditis, sepsis-induced cardiomyopathy, Takotsubo cardiomyopathy, or subclinical ischemia[12,
13]. According to the authors, in most of the studies cardiac injury was defined as the increase in cardiac
troponin I > the 99" percentile upper reference limit or new electrocardiography/echocardiography
findings; however, not all the studies reported strict definitions about chronic and de novo HF[1].
Actually, symptoms of COVID-19 might be similar to HF, and pneumonia and pulmonary edema might
coexist, thereby complicating the diagnosis of both entities[14]. Interestingly, this comes in accordance
with the authors conclusions about the diagnostic difficulties among patients with severe ARDS due to
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COVID-19 and acute decompensation of HF[1].

COVID-19 induces direct and indirect injury in the myocardium via various mechanisms that involve
excessive inflammation, hypercoagulation, endothelial dysfunction, and sympathetic system activation
[15]. Myocardial injury in patients with COVID-19 is mediated by ischemic and non-ischemic
mechanisms, which lead to different clinical consequences and therapeutic implications[16]. SARS-CoV-
2 binds to human cells on the ACE2 receptor, which is overexpressed in patients with cardiovascular
diseases and exerts harmful effects through direct inoculation of the myocardium[17]. Moreover, the
virus stimulates an immune response, which involves T lymphocytes and cell-mediated cytotoxicity;
these mechanisms may be associated with the induction of myocarditis post-infection[18]. Myocarditis
might present as acute HF in serious cases and diagnosis must be carried out with considerations of
findings from medical history-taking, laboratory examinations, electrocardiograms, echocardiography,
and cardiovascular magnetic resonance studies; however, a definite diagnosis also involves
endomyocardial biopsy, which is not routinely performed[13].

On the other hand, SARS-CoV-2 has been implicated in cardiac ischemia of several types[19]. The
imbalance between oxygen supply and demand is reflected by the increase in cardiac troponins and
reflects type 2 myocardial infarction (MI) ischemia, which is a common characteristic of pneumonia due
to hypotension and blood hypoxemia, especially in patients with pre-existing coronary heart disease
[19]. Also, type 1 MI might be the result of pre-existing coronary plaques that become unstable due to
the proinflammatory and procoagulant states of the infection[20]. Additionally, the virus induces
microvascular dysfunction in patients through endothelial dysfunction; in fact, proinflammatory
biomarkers and the development of microthrombi may induce endothelial dysfunction at the level of
microcirculation[21]. Lastly, there is evidence that acute coronary microvascular dysfunction may result
in Takotsubo syndrome in patients with COVID-19 and especially among those with pre-existing
comorbidities, but the specific mechanisms are under investigation[22].

Great effort is needed in order to improve our understanding of the therapeutic needs of patients
with HF and COVID-19[23]. Lockdown policies might have reduced visits to general practitioners and
have led to lower rates of diagnosis of heart disease, which could then result in more de novo HF
diagnoses[24]. Targeting the cytokine storm with anti-inflammatory medications such as corticosteroids
has been linked to decreased morbidity and mortality from virus infection[25]. On-going inflammation
is also present in survivors of COVID-19 infection and poses a great risk for the development of HF,
indicating the need for novel therapeutic advances[25]. The development of myocardial injury following
COVID-19 infection and specifically of de novo HF might result in more hospitalizations and higher
mortality; therefore, understanding the pathophysiology of COVID-19 is the cornerstone for therapeutic
success[26]. This comes in accordance with the authors conclusions about the need of future studies in
order to elucidate the pathophysiology of the complex effects of COVID-19 in the heart[1]. The
management of patients with COVID-19 and prior or de novo acute HF should be similar and identify at
an early stage possible complications, along with the treatment of oxygenation abnormalities, bleeding
events and arrhythmias[27]. A detailed cardiac assessment of the structural and functional character-
istics of the infected patients should be performed in order to identify the acute or worsening function
of the heart[27]. Moreover, guideline-directed treatment should be continued in patients with HF
according to their clinical status, irrespectively of COVID-19[26]. The increase of our knowledge from
the on-going studies as well as the course of the pandemic might provide a more robust evidence for the
management of the patients[26].
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