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Aims Long COVID syndrome has had a major impact on million patients’ lives worldwide. The cardiovascular system is an import-
ant aspect of this multifaceted disease that may manifest in many ways. We have hereby performed a narrative review in
order to identify the extent of the cardiovascular manifestations of the Long COVID syndrome.

Methods An in-depth systematic search of the literature has been conducted for this narrative review. The systematic search of

and results PubMed and Cochrane databases yielded 3993 articles, of which 629 underwent full-text screening. A total of 78 studies
were included in the final qualitative synthesis and data evaluation. The pathophysiology of the cardiovascular sequelae
of Long COVID syndrome and the cardiac manifestations and complications of Long COVID syndrome are critically eval-
uated. In addition, potential cardiovascular risk factors are assessed, and preventive methods and treatment options are ex-
amined in this review.

Conclusion This systematic review poignantly summarizes the evidence from the available literature regarding the cardiovascular man-
ifestations of Long COVID syndrome and reviews potential mechanistic pathways, diagnostic approaches, preventive mea-
sures, and treatment options.
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Graphical Abstract

Pathophysiology

e Augmented immune response has a
key role.
e Exact mechanisms remain unclear
but the following may be implicated:
o Genetic predisposition
o Immune response mediated by
B and T cells
o Inflammatory response and
auto-antibodies

A

o Patients with pre-existing heart failure or
ischaemic heart disease have increased
risk of developing Long COVID syndrome.

e Obesity and diabetes are also important
risk factors.

e Evidence is conflicting about other cardiac
conditions (hypertension, atrial fibrillation
etc).

Long COVID e SARS-COV-2 e Cardiovascular disease ® Cardiac long COVID e Post COVID-19 condition

Keywords

Introduction

The post-acute sequelae of coronavirus disease 2019 (COVID-19)
infection have become the focus of attention of the public, patients,
clinicians, and researchers worldwide. After facing the immediate
consequences of infection with the severe acute respiratory syndrome
coronavirus 2 (SARS—CoV-2) strain, millions of people are confronted
with persistent post-viral symptoms that may have a major impact on
their daily lives.

‘Long COVID’ or ‘Post COVID-19 condition’, as officially named
by the World Health Organization, has been defined as the ‘continu-
ation or development of new symptoms 3 months after the initial
SARS-CoV-2 infection, with the symptoms lasting for at least 2 months
with no other explanation’." These symptoms may affect any body sys-
tem and may fluctuate or change over time."? Evidence suggests that up
to 45% of COVID-19 survivors are experiencing persistent symptoms
at 4 months post the acute infection.? In the United Kingdom, it is re-
ported that Long COVID has resulted in limitation of the day-to-day
activities of 1.7 million people.* These ‘long haulers’ may encounter a
variety of symptoms, such as fatigue, shortness of breath, cough, aches,
and cognitive dysfunction, to name but a few.>*

Cardiovascular (CV) disease is part of this post-acute infection se-
quelae with many patients having symptoms or complications indicative
of arrhythmias, ischaemic or thrombotic events, inflammation, and
some even suffering cardiac arrest and sudden death.® Undeniably,
the Long COVID syndrome has a multifaceted interplay with the CV
system, with the latter having an important role not only in the

Cardiovascular Disease and Long COVID

Complications

¢ New onset cardiovascular diseases
have been noted in patients with
Long COVID syndrome (commonly
hypertension and diabetes).

e Long COVID may also have an
impact on the myocardium
(resulting in myocardial oedema,
inflammation or fibrosis and
potentially functional impairment).

v [

Prevention & Treatment

e Optimal control of modifiable risk factors may be of

value in disease prevention but there is lack of
definitive evidence.

¢ Vaccination and medications (antivirals, metformin)

may have a role in the prevention of Long COVID.

* No specific treatment found to be effective and

efficient but the use of antivirals and cardio-
selective treatments may ameliorate symptoms

Created with BioRender.com

presentation but also in the pathophysiology and risk stratification of
Long COVID.

We have conducted a systematic search of the published litera-
ture in order to critically assess how Long COVID syndrome may
impact the CV system. More particularly, the aim of this systematic
review was to evaluate the possible pathophysiological mechanisms
that lead to CV symptoms and complications of Long COVID syn-
drome. In addition, we evaluated the potential risk factors, preventa-
tive mechanisms, and treatment options of Long COVID-related CV
disease.

Methodology

The methodology for the conduct of the systematic search for this nar-
rative review is provided in full in Supplementary material online,
Table S1. In brief, Cochrane and PubMed databases were searched
for clinical studies on CV disease as part of Long Covid-19 from incep-
tion to 9 July 2023. Search results were imported for abstract screening.
After removal of the duplicates, each record was screened by two
independent co-authors of this manuscript. Disagreements were re-
solved by discussion with the senior authors V.S.V. and G.B.Z, after
which consensus was achieved.

The study has been registered with PROSPERO (registration num-
ber CRD42023478892) and has been reported according to
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (see Supplementary material online, Figure S7).
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Results

The full Results are included in the Supplementary material online,
Material (see Supplementary material online, Table S1, Supplementary
material online, Table S2, Supplementary material online, Figure S7). In
brief, a total of 3993 studies were identified. After removing the dupli-
cates and title/abstract screening, 629 articles underwent full-text
evaluation. Out of these, a total of 78 studies were included in this sys-
tematic synthesis which guided the review.

Cardiovascular disease and Long COVID
Pathophysiology of cardiovascular sequelae of Long COVID
syndrome

The mechanisms perpetuating the post-acute COVID-19 sequelae in
the CV system are complex and remain incompletely understood.
After direct viral invasion, SARS-CoV-2 uses the angiotensin-converting
enzyme 2 (ACE2) receptor to enter the host cell and replicate. Despite
the fact that imbalance of the renin-angiotensin system (RAS) has a
central role in the pathophysiology of acute infection, neither the serum
levels of ACE2 nor the medications affecting the RAS axis have been
shown to have an effect on the presentation or severity of
COVID-19 infection.7_”5imi|ar|y, there is no definitive evidence to sug-
gest that RAS imbalance or ACE2 dysregulation are implicated in the
pathogenesis of Long COVID and its CV complications.'?

While there is data implying a link between genetic predisposition
and acute COVID-19 severity,”>™"> less is known about the genetics
of Long COVID syndrome. Global collaborations have been established
to ascertain if there are genetic determinants of Long COVID. The
Long COVID Host Genetics Initiative with data from 23 countries
has conducted genome-wide association studies (GWAS) of individual
cohorts and has suggested potential variants associated with
Long COVID but without genome-wide statistical significance.’®™"®
Nevertheless, this is ongoing work with the study sizes in each cohort
gradually increasing, therefore this could change in the future. As such, it
remains unclear whether there is genetic predisposition to Long
COVID and its CV manifestations. Continuing work from research
groups internationally aim to shed more light on this matter and deter-
mine if gene mutations affect the immune response to COVID-19 infec-
tion and predispose individuals to lingering symptoms.'®

Immunity and its response to infection with SARS-CoV-2 has a key
role in the development of Long COVID, with multi-omic profiling re-
vealing significant association between specific Long COVID endotypes
and immunological profiles.2021 Re-activation of other viruses, exacer-
bation of pre-existing co-morbidities, and significant organ injury are
some of the factors that may be contributing to an unheralded im-
munological response.” Prolonged symptoms post the acute infection
have been shown to be aligned with a persistently augmented antigen-
specific T cell response and raised antibody level.”* A specific immune
response for the SARS-CoV-2 virus has been found to persist for 9 or
more months after the acute infection, with elevated B and T cells.?**
However, antibodies and T cells have been found to be elevated in
the majority of the patients 3 months after the acute COVID-19
infection.?®

While it remains unclear if certain immunological phenotypes trans-
late to increased susceptibility to Long COVID syndrome, it is estab-
lished that the immune system is implicated in the pathogenesis of
cardiac arrhythmias. Auto-immune and inflammatory cardiac channelo-
pathies may promote arrhythmias via auto-antibodies and cytokines re-
spectively.”’ Inflammatory cytokines, such as tumour necrosis factor
alpha (TNF-a), interleukin-1 (IL-1), and interleukin-6 (IL-6) can be ar-
rhythmogenic and this phenomenon is observed after a systemic in-
flammatory response to a pathogen, including SARS-CoV-2. Indeed,
the levels of the cytokine triad of TNF-a, IL-1, and IL-6 have been shown
to be substantially elevated for prolonged periods in patients with Long

COVID.?*" TNF-a and IL-6 are known to be implicated in the patho-
physiology of myocardial infarction, inflammation, and heart failure re-
gardless of acute infection with extrinsic pathogens.>*=* In addition,
patients with Long COVID have been shown to have auto-antibodies
specifically against components of the CV system, including
anti-cardiolipin and anti-apolipoprotein A-1 antibodies, both of which
are linked with CV events and worse outcomes.>® However, it remains
to be clarified if they have a significant or a different role in the mech-
anistic pathways of CV disease in the setting of Long COVID.

The combination of viral toxicity with the patient’s immune and in-
flammatory response contributes to the presentation of the CV seque-
lae in Long COVID syndrome. While the role of genetic vulnerability
remains to be determined some studies have identified specific loci
and predisposition to Long COVID'*">"® (Figure 1).

Cardiovascular disease as risk factor for Long COVID
syndrome

Certain cardiac pathologies have been shown to increase the risk of
Long COVID syndrome. In a study that included 198 601 patients
with Long COVID, loannou et al. showed that patients with pre-
existing congestive heart failure have 34% higher risk of developing
Long COVID compared to those who did not have pre-established
heart failure.3® In the same study, it was found that patients with ischae-
mic heart disease and previous myocardial infarction had a significantly
higher risk of suffering from the persistent symptomatology of the post-
acute COVID-19 condition.*® Furthermore, a recent meta-analysis of
860 783 patients demonstrated that patients with ischaemic heart dis-
ease have a 28% higher risk of developing Long COVID syndrome.*”

There is, however, conflicting evidence regarding other pre-existing
cardiac conditions and their contribution to the development of Long
COVID syndrome. Two studies showed that pre-existing hypertension
is not linked with the development of the post-acute COVID-19 seque-
lae.*®3? In a meta-analysis of 10 longitudinal studies (LS) in the United
Kingdom, it was shown that neither hypertension nor hypercholester-
olaemia were significant predictors of Long COVID.* However, these
data contradict the results of a cross-sectional study of 442 patients,
which showed that the risk of developing—specifically cardiac-related—
Long COVID symptoms were two-times higher in those with underlying
CV diseases or risk factors, including hypertension, dyslipidaemia, atrial fib-
rillation, heart failure, and valvular heart disease.”’

Obesity has been shown by several studies to be an important inde-
pendent risk factor for the development of Long COVID syn-
drome.*”*2** |n the Post-hospitalisation COVID-19 (PHOSP-COVID)
study, which included 2320 patients, it was shown that obese patients
were 50% less likely to recover fully 12 months after their acute
COVID-19 infection.* This observation could be explained by the im-
munological role the adipose tissue has in its ability to become a reservoir
for viruses, including the SARS-CoV-2, and the promotion of persistent
systemic inflammation and endothelial dysfunction.***

Pre-existing diabetes has also been shown to be a significant risk fac-
tor for Long COVID syndrome, although this has not been confirmed
by all studies in the field.*’ In a meta-analysis of 10 longitudinal cohorts,
diabetes was not shown to be a significant risk factor for Long
COVID,™ a finding which was in agreement with other studies.>?**
However, a larger meta-analysis of 18 studies and 259 978 patients
showed that patients with diabetes are 6% more likely to develop
Long COVID syndrome, a risk significant although small.*”

In conclusion, there is strong evidence demonstrating that pre-
existing obesity, heart failure, and ischaemic heart disease are significant
risk factors for the development of Long COVID syndrome. However,
there is conflicting data in literature about other CV diseases such as
hypertension, cholesterol, atrial fibrillation, and diabetes mellitus.

Table 1 provides a summary of studies that have examined CV dis-
eases as risk factors for Long COVID.
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Figure 1 Following the acute infection, inflammatory and immune

response may contribute to the development of Long COVID syndrome.

Imbalance of the renin-angiotensin system axis and genetic predisposition may also have a role, however, this has not been confirmed from current

evidence (Image created with BioRender.com).

Diagnosis and cardiac manifestations of Long COVID

Being a multi-organ disease, Long COVID manifests itself with a variety
of symptoms that may present simultaneously or sequentially during or
after the acute infection. The diagnosis of Long COVID remains a clinical
one, with no established diagnostic laboratory testing available so far.
Recent evidence has shown that there is a potential for use of certain
complement fragments and components (Ba, iC3b, C5a, and Terminal
Complex Component) to identify and diagnose the disease,”’ however
large trials and evidence from population studies are currently lacking
and therefore their use is not implemented in clinical practice. Another
laboratory blood test that identifies non-classical monocytes and cyto-
kines, has also shown promise in identifying patients with Long COVID
syndrome and has recently gained approval for use in Europe.’>”®

The CV symptoms of Long COVID might reflect the complex patho-
physiological mechanisms occurring during the course of the disease.
Common causes that lead to symptom occurrence may include left
or right ventricular dysfunction, pulmonary hypertension, arrhythmias,
or autonomic dysfunction.”*~”® On these occasions, relevant diagnostic
tests and clinical examination will enable the identification of the com-
plication—provoked by Long COVID—and the appropriate manage-
ment steps will be followed for treatment. Importantly, however,
many Long COVID patients exhibit cardiac symptoms without object-
ive evidence of CV disease.”’ Establishing the diagnosis of Long COVID
in these patients can be extremely challenging, as on some occasions
there may inevitably be significant overlap with other conditions,
such as postural orthostatic tachycardia syndrome (POTS) and myalgic
encephalomyelitis/chronic fatigue syndrome.”*”” Nevertheless, how-
ever difficult it may be, it is imperative to appreciate that Long
COVID and its accompanied symptomatology do not require abnormal
or pathological evidence on clinical, radiological, or biochemical assess-
ment for the diagnosis to be established. Still, it is imperative that com-
mon CV diseases are not missed, and for this reason, thorough
assessment of the patient is required to ensure appropriate risk strati-
fication and management plans.

Cardiac symptoms are very common amongst patients with Long
COVID, representing the third most common clinical manifestation
of the disease.”* A systematic review of nine studies that reported car-
diac manifestations in patients with Long COVID showed that palpita-
tions and chest tightness were very frequently reported from the
patients.”® In a systematic review of 25 studies, chest pain was found
to be the most prevalent clinical manifestation of Long COVID, with
89% of the participants reporting it in their follow-up assessment.”’
The COVID Symptoms Study demonstrated that cardiac symptoms
were prevalent amongst patients with Long COVID, the majority of
whom experienced these symptoms for the first time 3—4 weeks after
the onset of Long COVID.*?

Our systematic review confirms that chest pain, palpitations, dys-
pnoea, and syncope are the most commonly reported symptoms
among patients with Long COVID syndrome. Supplementary
material online, Table S2 summarizes all the studies identified from
our systematic search that reported cardiac symptomatology in pa-
tients with Long COVID.

Cardiovascular disease as complication of Long COVID
Long COVID has also been implicated in the development of new onset
CV diseases in subjects without pre-existing co-morbidities. In a study
of 153 760 patients, it was shown that patients with Long COVID syn-
drome have a 1.6 times higher risk of new onset CV disease of any type,
including dysrhythmias, non-ischaemic and ischaemic cardiomyop-
athies, cerebrovascular and thrombotic disorders.® This was evident
for a variety of diseases including ischaemic heart disease, heart failure,
dysrhythmias, inflammatory cardiac diseases, and thromboembolic dis-
ease. This finding is in agreement with another study of 47 780 patients,
which demonstrated that major adverse CV events were more than 1.5
times more frequently encountered in patients with Long COVID com-
pared to controls.2® New onset diabetes mellitus type 2 and hyperten-
sion have also been commonly noted in patients with Long COVID®'-#
(Table 2).
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Table 1 Summary of studies investigating the cardiovascular diseases that increase the risk of Long COVID
Study Study design Population Follow-up Main findings
Abdelrahman et al.*° Prospective cohort study 172 patients 8-10 months Hypertension and ischaemic heart disease
were not significant predictors of Long
COVID
Adler et al.*! Prospective cohort study 2755 patients 1-6 months Obesity and dyslipidaemia are significant risk
factors for Long COVID
Belkacemi et al.>? Prospective cohort study 216 patients on renal 6 months Obesity, diabetes, and previous M| were
replacement therapy significantly associated with Long COVID
syndrome
Bellan et al.*> Prospective cohort study 238 patients 4 months No significant association between diabetes,
CAD, obesity, and Long COVID
Blomberg et al® Prospective cohort study 312 patients 6 months Hypertension and chronic heart disease
were associated with post COVID-19
fatigue
Chudzik et al.>* Retrospective observational study 2218 patients 3 months Obesity was a significant predictor of Long
(STOP COVID registry, Poland) COVID, whereas hypertension, CAD,
and heart failure were not
Cuomo et al.>® Retrospective observational study 394 patients >3 months Hypertension was a risk factor for
development of cardiovascular
complications
Daitch et al.> Multicentre prospective cohort 2333 patients 5 months Obesity and hypertension are risk factors
study for Long COVID
de Oliveira et al.>’ Cross sectional study 439 patients 138 days Obesity, hypertension, diabetes, heart
(median) failure, coronary artery disease not
significant risk factors for Long COVID
Dias et al.*® Prospective cohort study 1042 hospitalized patients >3 months Cardiovascular disease was not a significant
predictor of Long covid
Fernandez-de-las-Pefias ~ Multicentre case-control study 88 patients with obesityand 8.4 months Obesity was independently associated with
etal>’ (2:1) 176 controls hospitalized (mean) a greater number of post-COVID
with COVID-19 (age- symptoms and poor sleep quality
and sex- matched
individuals)
Fernandez-de-las-Pefias ~ Case-control Study 287 patients 7.2 months Hypertension is associated with greater
et al.®® number of post-COVID symptoms and
poor sleep quality
loannou et al.* Retrospective cohort study 198 610 patients >3 months Diabetes, heart failure and previous Ml
after acute correlated significantly with the presence
infection of Long COVID syndrome
Jones et al.* Observational study 310 patients Collection of Heart failure and ischaemic heart disease
data for 4 were not significant predictors of Long
months COVID
Kisiel et al." Prospective cohort study 366 patients 1 year Hypertension and obesity were significant
predictors of persistent symptoms
Kostev et al.>? Retrospective cohort study 51630 patients >3 months Heart disease was not significant predictor
of Long COVID
Legrand et al.® Prospective observational study 2187 patients 2 months Congestive heart failure was a risk factor
associated with an increased number of
persistent symptoms.
Menezes et al.%* Retrospective cohort study 108 patients 12 weeks Obesity is a significant predictor of Long

COVID, but dyslipidaemia and diabetes
are not.

Continued
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Table 1 Continued
Study Study design Population Follow-up Main findings
Munblit et al.> Longitudinal cohort study 2649 patients 218 days Hypertension and ischaemic heart disease
(median) were not significant predictors of Long
COVID
Ogungbe et al.¥! Prospective cohort study 442 patients >3 weeks The presence of cardiovascular disease
doubled the risk of Long COVID
syndrome
Pazukhina et al.*® Prospective cohort study 1013 patients >6 months Hypertension is a risk factor for Long
COVID
Peghin et al.®® Bidirectional cohort study 599 patients >6 months Cardiovascular disease is not a significant
risk factor for Long COVID
Samannodi et al.*® Cross-sectional, nationwide study 2737 patients 6 weeks—6 Cardiovascular disease is not a significant
months risk factor for Long COVID
Schulze et al.*’ Cross-sectional study 101 patients >2 months Cardiovascular disease is not a significant
risk factor for Long COVID
Thompson et al.* Analyses of survey data from 10 6907 patients from LS and ~ >12 weeks Hypertension, hypercholesterolaemia and
UK established population based 4189 from EHR diabetes were not significant risk factors
longitudinal studies and records for Long COVID. Obesity was
electronic healthcare records significantly associated with Long COVID.
(EHR)
Tleyjeh et al.*® Prospective cohort study 222 patients 122 days Pre-existing hypertension was associated
(median) with an increased risk of persistent
symptoms
Whitaker et al.® Cross-sectional survey 55730 patients 12 weeks Obesity was significantly associated with
Long COVID.
Wu et al.”® Cross-sectional survey 308 patients 12 weeks Heart disease is not a significant risk factor

for Long COVID. Obesity was
significantly associated with Long COVID.

CAD, coronary artery disease; MI, myocardial infarction.

Furthermore, Long COVID may have a direct impact on the myocar-
dium. This can usually be evidenced by pathological findings on examin-
ation and diagnostic tests. Our systematic search revealed twenty
studies that evaluated the impact of Long COVID syndrome on the
myocardium through imaging evaluation with echocardiography and/
or cardiac magnetic resonance (CMR) (Table 3).

Several echocardiographic studies have confirmed that the most
commonly observed findings in patients 2—3 months after the acute in-
fection are impaired left and/or right ventricular global longitudinal
strain (GLS), with the findings more commonly encountered in patients
that had severe infection during the acute phase.%8%9/102:103.107.110

Myocardial involvement was shown to be a feature of Long COVID
syndrome from the early months of the COVID-19 pandemic, with
CMR imaging being the gold standard for the detection of myocardial
oedema, inflammation, and fibrosis. Several patients who presented
with ‘atypical’ cardiac symptoms, such as chest pain and palpitations,
were found to have abnormal CMR imaging.”® Notably, the presence
of symptoms is not a prerequisite for myocardial involvement and
vice versa. However, individuals with persistent symptoms are more
likely to have abnormal findings in the CMR."®* Interesting features in-
clude the presence of myocardial oedema and/or fibrosis, various pat-
terns of late gadolinium enhancement (LGE) in the myocardium,
interstitial fibrosis, and pericardial involvement,”®78:105.106,108,109,111

All the above findings have to be interpreted with caution, acknow-
ledging that they are derived from observational—albeit large—studies.
Inevitably, it is impossible to know if all the abnormalities and diseases

are truly attributed to Long COVID alone or if they were pre-existing,
as baseline (pre-COVID) assessments of the patients were not per-
formed. In addition, while cardiac involvement in the acute phase is a
well-recognized phenomenon that may accompany patients suffering
from acute COVID-19 infection,'""*"® the impact of Long COVID
syndrome on the myocardium follows pathways and mechanisms
that are not fully understood vyet. It is difficult therefore to ascertain
if the aforementioned complications are truly associated with Long
COVID solely or if they are persistent features of the acute infection.
Nonetheless, regardless if they are features of the acute infection or
the post COVID sequelae, their clinical relevance and prognostic signifi-
cance are important. Therefore, further studies with longer follow-up
of the patients affected are needed to explore these aspects and under-
stand their impact on patients’ lives.

Prevention of cardiovascular disease as part of Long COVID
Although there is no established or proven method of preventing Long
COVID syndrome, optimal control of the modifiable risk factors may
help the management of Long COVID symptoms and complications.
For example, a healthy nutrition is rich in antioxidants, fibre and poly-
phenols, and contains minimum amounts of saturated fat and
pro-inflammatory molecules, which is beneficial in achieving a normal
body mass index (BMI) and sleep pattern and contributes towards a
positive mental health.""*"'® Therefore, lifestyle changes that include
a healthy dietary pattern and regular exercise have invaluable
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Table 2 Summary of studies that reported new incidence of cardiac diseases in the course of Long COVID syndrome

Study Study design Population  Follow-up
Ayoubkhani Case-control study 47780 140 days
et al® patients (mean)
Chowdhury Prospective 313 patients 20 weeks
etal® cross-sectional study
Cuomo et al.>® Retrospective 394 patients >3 months
observational study
Maestre-Mufiiz Cross-sectional study 543 patients 12 months
etal®
Ogungbe et al.¥! Prospective cohort 442 patients >3 weeks
study
Senjam et al.5 Cross-sectional study 773 patients >2 months
Vyas et al.% Prospective 248 patients 12 months
observational study
Xie et al.® Case-control study 153760 12 months
patients
Xie et al.® Case-control study 181280 12 months
patients

Main findings

New incidence of diabetes and major adverse cardiovascular events were
diagnosed more frequently (3.0 and 1.5 times, respectively) in Long COVID
patients compared to controls

New incidence diabetes and hypertension observed in 0.64 and 1.28% and
post-COVID uncontrolled diabetes and hypertension in 54.55 and 34.78%,
respectively.

Cardiovascular event developed in 15.7% of the subjects. These were mainly
pulmonary embolism (9.4%), followed by arrhythmias (3.3%), myocardial
infarction (2.3%), and myocarditis (0.8%).

1.3 and 2% of patients developed new onset diabetes and heart failure
respectively.

26.9% (119/442) of individuals reported a new cardiac condition; 20% had
newly diagnosed hypertension, 24% had tachycardia, and 13% had postural
orthostatic tachycardia syndrome

3.1% of patients with Long COVID developed new onset hypertension

New onset of hypertension was detected in 32.3% of patients at 1-year
follow-up post-COVID-19 disease recovery

Patients with Long COVID had increased risk of incident cardiovascular
disease spanning several categories, including cerebrovascular disorders,
dysrhythmias, ischaemic and non-ischaemic heart disease, pericarditis,
myocarditis, heart failure, and thromboembolic disease

People with Long COVID exhibited an increased risk (hazard ratio 1-40, 95%

confidence interval 1-36—1-44) and excess burden of incident diabetes

advantages that enhance the natural immunity and make the body less
vulnerable to Long COVID and its complications.'”® While there is
some evidence to suggest that plant-based and pescatarian diets are as-
sociated with reduced risk of severe acute COVID-19 infection,*®
there is no study yet investigating the potential impact of such diets
in Long COVID syndrome.

On the other hand, vaccines have been shown to be an effective way
of preventing Long COVID syndrome. A meta-analysis has already
shown that vaccinated individuals have 40% less risk to develop Long
COVID compared to unvaccinated people.?” A case-control UK study
of 1.2 million people showed that the risk of symptoms persisting for
more than 28 days was almost 50% lower in those who were vacci-
nated compared to unvaccinated individuals."'” Another systematic re-
view and meta-analysis of six studies and 629 093 patients showed that
patients with two-dose vaccination had 36% and 40% less risk of Long
COVID compared to those with no or one-dose vaccination.'™®
Vaccination has also been shown to reduce the risk of cardiac injury.
In an observational prospective study of 1883 patients, vaccinated pa-
tients had significantly lower prevalence of cardiac injury as evidenced
by echocardiography than unvaccinated patients.''” However, further
research needs to be done in this field to investigate the impact of vac-
cination on the different variants and to determine the optimal number
of booster doses.

Medications may also have a role in the prevention of Long COVID
syndrome. In a recent randomized placebo-controlled study that in-
cluded 1126 overweight and obese patients, it was shown that metfor-
min during the acute infection reduces the incidence of Long COVID by
41.3% compared with placebo.no While this is a very promising result,
it remains to be determined if the benefit would be evident in a wider
population of patients with normal BML. It is also unclear whether the

incidence of Long COVID was reduced because of a direct antiviral
mechanism that prevents the presentation of the syndrome or because
it significantly reduces the viral load during the acute infection and the
risk of severe acute COVID-19 infection.'*"'?* Antivirals that are re-
commended for the acute COVID-19 infection in patients with high-
risk features have also been shown to be beneficial. Large cohort stud-
ies demonstrated that the use of nirmatrelvir and molnupiravir during
the acute illness significantly reduced the incidence of Long COVID syn-
drome and the post-acute COVID-19 sequalae.’**"?* Notably, this ef-
fect was shown regardless of the patients’ baseline vaccination
status.'?® Other medications such as ivermectin and fluvoxamine
were not shown to have similar effect as they did not reduce the risk
of neither Long COVID not severe acute COVID-19 infection.?*'?!

Despite all the above, prevention of Long COVID and its related CV
manifestations has been particularly challenging. Prevention requires
adequate risk stratification at a population level and tackling of all po-
tential factors that may increase an individual’s risk of developing
Long COVID syndrome. However, in the case of Long COVID, the
quest for identification of the risk factors is still ongoing as outlined
above. Whereas some co-morbidities have been shown to significantly
increase the risk of Long COVID, there is lack of evidence regarding
their pre-morbid status and Long COVID. For example, it is unclear
if someone with well-controlled diabetes is at higher risk of developing
Long COVID compared with a person with poorly controlled diabetes.
In addition, up to this day, there is a lack of clinical and/or laboratory
tests with the ability to establish early diagnosis. By definition, Long
COVID syndrome is diagnosed after 3 months of persistent symptoms,
which, for many other diseases is considered ‘late’. As such, although it
may be suspected, it is not possible to diagnose early the condition and
plan the appropriate management promptly.
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Table 3 Summary of studies that investigated the impact of Long COVID on the myocardium through advanced

imaging (echocardiography or cardiac magnetic resonance)

Study design

Population

Follow-up

Main findings

Akbulut et al®”

Akkaya et al.%®

Baruch et al.®?

Breitbart et al.”

Cannata et al.”"

Cecchetto et al.”?

De et al.”

Filipetti et al.”*

Garcia-Zamora

etal”

. %
Gonzidlez et al.

Gorecka et al.””

Prospective cohort

study

Cross-sectional study

Prospective cohort

study

Prospective cohort

study

Prospective cohort

study

Prospective cohort

study

Prospective

observational study

Prospective

observational study

Prospective
observational cohort
study

Prospective

observational study

Prospective case-control

study

58 patients

105 patients

80 patients

56 patients

110 patients

229 patients

472 patients

19 patients

595 patients

31 patients

20 patients

6 months

3 months

3 months

71 days

7 months

5 months

12 weeks

(median)

3and 11

months

2 months

5 months

3 months

The LVESD was significantly lower in patients with COVID-19 compared to
healthy controls. TAPSE was significantly higher in COVID-19 patients
compared to the control group. LV and RV GLS values and both atrial
peak systolic strains did not differ between the groups.

TAPSE, RV fractional area change, RV S’ and RV GLS were significantly
lower in the COVID-19 group compared to control group (P < 0.05).

In patients recovering from COVID-19 infection most LV routine
echocardiographic, haemodynamic, and STE parameters did not improve
in the months following acute infection. RV routine echocardiographic,
haemodynamic, and RV STE parameters improved in the majority of
patients.

Acute myocarditis was confirmed by T1/T2-weighed CMR and elevated
NTpro-BNP levels in 1 patient. Additional eight patients (14%) showed
suspicious CMR findings, including myocardial oedema without fibrosis
(n=3), or non-ischaemic myocardial injury suggesting previous
inflammation (n = 5)

Impaired LV GLS was found in 37 patients (34%) and was associated with an
increased risk of Long-term MACE with a good discriminative power
(area under the curve: 0.73)

LV GLS and RV free wall strain were reduced in 36% (n=81) and 7.2%
(n=16) of the patients at 5 months. The presence of at least one
cardiovascular risk factor was a significant predictor of impaired LV GLS.
Subclinical myocardial dysfunction did not improve at the 12-month
follow-up.

As compared to controls, the post-COVID subjects had impaired LV
systolic and diastolic function. The patients in the lowest GLS tertile were
older, had higher burden of co-morbidities, and had had more severe
initial infection with greater need for hospitalization, oxygen therapy, and
steroids. The need for hospitalization was independently associated with
lower GLS at the time of current presentation.

At the 3-month follow-up CMR study the findings included LV concentric
remodelling (12 patients), myocardial tissue abnormalities (11 patients),
and increased myocardial ECV (9 patients). At the 11-month follow-up
CMR study, LV function and remodelling were unchanged but ECV
returned to normal or below the normal range.

Cardiovascular abnormalities after COVID-19 infection were rare (8.2%)
and usually mild, especially following mild infection, with a low GLS of left
and right ventricle being the most common ones in this registry.

LGE lesions indicative of residual myocardial injury were encountered in 15
of the 31 patients. Intraindividual comparison with the pre-COVID-19
CMR revealed all of these lesions as pre-existing and thus not
COVID-19-related. Quantitative analyses detected no increase in the
size of individual LGE lesions nor in the global left ventricular LGE extent.
Comparison of pre- and post-COVID-19 cine imaging sequences did not
show any differences in ventricular functional or structural parameters.

Between the Long COVID-19 syndrome patients and matched
contemporary healthy controls there were no differences in myocardial
energetics (phosphocreatine to ATP ratio), in cardiac structure
(biventricular volumes), function (biventricular EF, GLS), tissue
characterization (T1 mapping and LGE) or perfusion (myocardial rest and

stress blood flow, myocardial perfusion reserve).

Continued
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Table 3 Continued

Study design

Population  Follow-up Main findings

Huang et al.”®

Joy et al.”®

Kotecha et al.'®

Kunal et al.™®!

Moody et al."®

) 1
Niebauer et al.'®?

Puntmann et al.'®*

4
Raman et al.'%

Roca-Fernandez

et al.'%®

Tangen et al.'"’

Retrospective

observational study

Prospective case-control
study

Prospective cohort
study

Prospective
observational study

Prospective
observational cohort
study

Prospective cohort
study

Prospective
observational cohort
study

Prospective
observational cohort

study

Prospective cohort

study

Prospective
observational cohort
study

26 patients Not defined Myocardial oedema was found in 14 (54%) patients and LGE in 8 (31%)
patients. Significantly elevated global native T1, T2, and ECV and RV
impairment were found in patients with positive conventional CMR
findings, compared with patients without positive findings and controls.

149 patients 6 months In this population, mild COVID-19 left no measurable cardiovascular impact
on LV structure, function, scar burden, aortic stiffness, or serum
biomarkers. CMR abnormalities included reduced ejection fraction
(n=2), T1 elevation (n = 6), T2 elevation (n = 9), late gadolinium
enhancement (n = 13). These were distributed equally between
seropositive and seronegative individuals.

LGE and/or ischaemia was found in 54% (80/148). This comprised
myocarditis-like scar in 26% (39/148), infarction and/or ischaemia in 22%
(32/148), and dual pathology in 6% (9/148). Of patients with ischaemic

injury pattern, 66% (27/41) had no past history of coronary disease.

148 patients 68 days

(median)

There was no evidence of diffuse fibrosis or oedema in the remote
myocardium.

30 patients 6 months All participants had abnormal LV GLS during acute infection and 16 patients
had abnormal CMR at baseline. Follow-up CMR was abnormal in 4/16
(25%) with LGE persisting in three patients (who had severe COVID-19).
Subjects with severe COVID-19 had a greater frequency of LGE (53.8%)
and myocardial oedema (61.5%) as compared to mild and moderate
cases. Myocardial T1 and T2 values were significantly higher in post
COVID-19 subjects compared to healthy controls and mild and
moderate cases.

79 patients 3 months At 3 months, 56 (71%) patients had a normal TTE. In those with any
abnormality, 16 had only RV adverse remodeling, 5 had only adverse LV
remodeling, and 2 had biventricular involvement. Of the 16 patients with
persisting RV changes at 3 months, 7 had pulmonary embolism diagnosed
during hospital admission.

150 patients 6 months Echocardiography detected reduced GLS in 11% and diastolic dysfunction in
4%. CMR imaging revealed traces of pericardial effusion in 18% and signs
of former pericarditis or myocarditis in 4%. Exertional dyspnoea was
associated with impaired pulmonary function, reduced GLS, and/or left
ventricular diastolic dysfunction.

346 patients 109 days

(median)

Diffuse myocardial oedema was more pronounced in participants who
remained symptomatic at follow-up as compared to those who
improved. Female gender and higher baseline native T1 predicted the
symptomatic status at follow-up.

58 patients 2-3 months LV and RV function were normal and comparable between groups.
Slice-averaged basal and mid-ventricular native T1 were significantly
elevated in patients. Native T2 was not different between patients and
controls. Focal fibrosis burden was mildly increased in patients.

534 patients 12 months CMR abnormalities were common (one in five individuals at 6 months) and
commonly persisted (three out of five individuals at 12 months). Low
LVEF at baseline was associated with persistent CMR abnormality,
abnormal GLS was associated with low quality of life and abnormal T1 in
at least three segments was associated with better clinical outcomes at
12 months.

92 patients 3 months All patients had normal LV function by LVEF 3 months after hospitalization.
However, LV GLS, was reduced in 15% of the patients. There was no
significant relationship between reduced GLS and disease severity
(treatment at intensive care unit) or elevated high sensitivity cardiac

troponin after 3 months.

Continued
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Table 3 Continued

Study Study design Population  Follow-up
Wang et al."%® Prospective cohort 47 patients 3 months
study
Wojtowicz et al.'®®  Cross-sectional study 121 patients 41 days
(median)

Main findings

LGE was found in 13 (30%) of COVID-19 patients. LGE-positive patients
had significantly decreased LV and RV peak global circumferential strain,
RV peak global longitudinal strain (GLS) as compared to non-LGE
patients (P < 0.05), while no difference was found between the non-LGE
patients and healthy controls.

Non-ischaemic cardiac injury (defined as the presence of LGE lesion and/or
active myocarditis in CMR) was detected in over half of post-COVID-19
patients (52.9%). RV EF was reduced in patients that were hospitalized
during the acute phase.

ATP, adenosine triphosphate; CMR, cardiac magnetic resonance; ECV, extracellular volume; EF, ejection fraction; GLS, global longitudinal strain; LGE, late gadolinium enhancement; LV, left
ventricle; LVEF, left ventricular ejection fraction; LVESD, left ventricular end systolic diameter; MACE, major adverse cardiac events; NTpro-BNP, N-terminal pro b-type natriuretic
peptide; RV, right ventricle; STE, speckle-tracking echocardiography; TAPSE, tricuspid annular plane systolic excursion; TTE, transthoracic echocardiography.

Treatment and prognosis of cardiovascular disease as part
of Long COVID

Currently, there is no specific treatment recommended by the guide-
lines for patients with Long COVID syndrome. This may not come as
a surprise considering the existing gaps in the understanding of the cau-
sal pathophysiological mechanisms of Long COVID syndrome.
Management is focused primarily on the relief from symptoms and/or
complications that may accompany them. However, this may soon
change as hundreds of researchers worldwide have set out to identify
therapeutic targets and develop medications that can treat the lingering
symptoms of Long COVID.

This step involves the development of a treatment that would tackle
the hyperinflammatory state that dominates the Long COVID patho-
physiology. The antiviral drug, nirmatrelvir, inhibits viral replication by
targeting the chymotrypsin-like cysteine protease enzyme (MP™).'%
Its use has been approved for patients with acute COVID-19 infection
who are at high risk of progressing to severe disease.'*® However, apart
from its positive impact in the acute phase, it was quickly shown that it
has a substantial benefit for the post-acute lingering symptomatology of
COVID-19 infection. A recent retrospective cohort study that included
281 793 participants, showed that nirmatrelvir reduced the risk of Long
COVID syndrome by 26% and the risk of post-acute death and hospi-
talization by 47 and 24%, respectively.'®” Based on this, a randomized
placebo-controlled trial investigating nirmatrelvir in adults with Long
COVID has started (NCT05668091) and its results are highly antici-
pated. Other antivirals have been shown to be efficient in the acute
phase of the infection,'** however, their impact on the Long COVID
incidence is yet to be determined.

The next achievement would be to identify effective treatments for
symptom specific Long COVID symptoms. Understandably, there are
several studies that are investigating different pathways that are impli-
cated in the pathogenesis of certain Long COVID symptoms. A few
of them are focused on the CV manifestations of Long COVID. Three
trials are investigating the role of medications for patients with tachycar-
dia or POTS, including ivabradine (NCT05481177) and efgartigimod
(NCT05918978), while another trial is investigating the impact of early
intervention on the myocardium with immunosuppression and anti-
remodelling therapy in the form of prednisolone and losartan in patients
with post-acute COVID-19 inflammatory cardiac involvement
(NCT05619653). Other trials are exploring the value of cardiac rehabili-
tation and behavioural interventions on the cardiac manifestations of
Long COVID (NCT05530317, NCT05035628, NCT05228665,
NCT05566483, NCT05629884, NCT05539950, and NCT05877534).
Of these, only one study, the HEARTLOC (HEART Rate Variability

Biofeedback for Long COVID Dysautonomia) study, has been com-
pleted (NCT05228665). This feasibility study comprised of 13 partici-
pants showed that a heart rate variability biofeedback programme via
a standardized slow diaphragmatic breathing was a feasible intervention
that improved the symptomatology of patients with Long COVID.'*®

Supplementary material online, Table S3 provides a summary of all
the ongoing studies with a focus on CV disease as part of Long
COVID syndrome.

More than 3 years since the beginning of the pandemic, it has been
evident that some patients have fully recovered from Long COVID,
with their cardiac-related symptoms settling with time. However, a
proportion of patients have ongoing debilitating symptoms that impact
their quality of life and everyday activities. Whilst the short term prog-
nosis appears to be good for the majority of the patients, the future
course and long-term prognosis of the disease and its manifestations re-
main uncertain.'?’

The results of the currently running randomized trials are highly an-
ticipated not only to elucidate the progression of Long COVID syn-
drome with time but also to guide management and improve
patients’ quality of life.

Unmet clinical needs and evolving concepts in Long COVID

Although a lot of progress has been achieved in understanding the path-
ways by which the disease affects the CV system and vice versa, the dy-
namic and rapidly evolving field of Long COVID syndrome remains
perplexed and challenging.

Further research is needed to understand the pathophysiology and
exact mechanisms by which Long COVID unfolds itself. While it is
known that the immune response has a major role in the presentation
of Long COVID syndrome, further research is needed to determine
whether this is influenced by certain pre-existing conditions or if there
is a genetic predisposition that makes some individuals more prone to
lingering symptomatology. Furthermore, at the moment the diagnosis
of Long COVID remains a clinical one, and the use of diagnostic testing
has been of limited value. Identifying a blood biomarker that associates
closely with Long COVID, will facilitate earlier diagnosis but also poten-
tially targeted therapy. This, in combination with a deeper understand-
ing of the Long COVID phenotyping, would allow the development of a
targeted therapy that would alleviate patients from the associated pro-
longed symptoms of the disease.

In addition, it remains yet to be fully understood if and in what ways
vaccination will affect the incidence of Long COVID syndrome in the
future. Vaccination may also change the disease phenotype and future
studies may establish if vaccination results in ‘milder’ Long COVID
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phenotypes, with less severe or reduced number of symptoms.
Furthermore, the scenery of Long COVID syndrome may change as
new variants appear. The past history of coronavirus would suggest
that new variants will be less damaging and lead to milder acute infec-
tion, however, it remains unknown how this will affect the risk of devel-
oping Long COVID syndrome or the severity of Long COVID
syndrome. Finally, healthcare systems need to adapt to the increasing
number of people with Long COVID, and support individuals with psy-
chological strain, as well as their families, and provide wholistic therap-
ies where possible and appropriate quickly.

Limitations

All the studies conducted so far are observational and therefore carry un-
avoidable limitations and bias that prohibit the application of their results
in a wider or a different population. In addition, the existing evidence
comes from studies at different time points in the pandemic, which in
turn means different variants, vaccination status, immunity status, and
even different Long COVID definitions. These factors have substantially
changed in a very short period of time, which has perhaps made the ob-
servations of some studies of this systematic review already outdated.

Conclusions

Long COVID syndrome represents a highly evolving and dynamic
field that is yet to be explored in its entire entity. The individual’s
immune and inflammatory responses are key mechanisms in the
pathophysiology of Long COVID syndrome, with cytokines and
pro-inflammatory molecules potentially triggering cardiac symptom-
atology. While there is evidence suggesting that patients with pre-
existing obesity, heart failure, or ischaemic heart disease are at high-
er risk of suffering with Long COVID, there is no strong evidence
about the risk that patients with other types of CV diseases may
have. On the other hand, patients with Long COVID may be con-
fronted with new onset CV diseases such as diabetes, arrhythmias,
and heart failure. The most commonly encountered cardiac-related
symptoms include chest pain, palpitations, shortness of breath, and
syncope. These could be present in isolation or in combination with
pathological evidence of myocardial impairment on echocardiog-
raphy or CMR imaging. Vaccination and certain medications, includ-
ing antivirals, have been shown to reduce the risk of Long COVID
syndrome, however further studies are needed to assess this poten-
tially protective effect in a large population taking into account the
new variants of the virus. Although treatment remains supportive,
ongoing studies may enable the identification of beneficial treatment
strategies that will improve the patients’ quality of life and reduce
their symptom burden.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology.
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