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Instructions

Instructions to authors
The International Cardiovascular Forum Journal (ICFJ) is an
international peer-reviewed journal dedicated to publishing high
quality reports, studies, trials, investigations and theories covering all
aspects of cardiovascular and cardiometabolic health and disease.
The journal commissions high quality review articles and editorials
from distinguished authors and also welcomes full length original
research and review articles, concise case reports and letters.
ICFJ aims at establishing a platform for international researchers to
meet and exchange findings, opinions and ideas. It features regular
publishing of editorials concerning contemporary controversial
issues aimed at stimulating comprehensive research in those fields.
ICFJ invites Original articles, Reviews, Editorials, Letters to the Editor
and Case Reports. Case Reports will only accepted if formatted as
a Letter to the Editor.
ORIGINAL ARTICLES: These should contain only original research
findings not previously published or being considered for publication
elsewhere. There is no maximum word count for original articles.
Manuscripts should follow the following layout; Title page, Structured
Abstract, Key words, Introduction, Methods, Results, Discussion,
Limitations, Conclusions, Declarations of Interest, Acknowledgments
and References.
Title Page should include:
1) The title (not to exceed 20 words)
2) The full list of authors and their academic affiliation
3 Corresponding author and contact details including email address
4) List of up to 5 keywords searated by semicolons
Structured Abstract should include the subheadings: Background,
Methods, Results and Conclusions.
Methods should be detailed enough to answer the readers queries
as how precisely the work was done. Manuscripts reporting data
obtained from research conducted in human subjects must include a
statement of assurance in the Methods section of the manuscript that
(1) informed consent was obtained from each patient and (2) the study
protocol conforms to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in a priori approval by the institution’s human
research committee. Manuscripts reporting experiments using
animals must include a statement giving assurance that all animals
received humane care and that study protocols comply with the
institution’s guidelines.
Statistical Methods should be in detail, stating different methods
used, power calculation (if relevant) and how the authors handled
any potential bias in the data acquisition and interpretation.
Results should be presented precisely. Present 95% confidence
intervals with p values. When describing normal distributions, denote
the standard deviation and when describing uncertainty of a mean,
use the standard error of the mean. Clinical trials must list registration
number with clinicaltrials.org or similar.
Discussion should be directly related to the study being reported
rather than a general review of the topic. It should cover the following
subheadings: Findings, Data interpretation, Clinical implications (if
relevant), Limitations and Conclusions.
References style used by ICF journal is Vancouver Numbered.
they must include author(s) name(s), journal title/book title,
chapter title/article title, year of publication, volume and issue/book
chapter, page numbers and where one exists the DOI.
Tables should be typed with double spacing and each should be on
a separate page and numbered consecutively with Arabic numerals.
Provide a short descriptive heading above each table with footnotes
and/or explanations underneath.
Figures should ideally be submitted in high-resolution TIF format, or
alternatively in GIF, JPEG/JPG, or EPS format. The figures should
be placed in separate files, named only with the figure numbers (e.g.

“Figure1.tif”.). Please ensure figures have the appropriate resolution:
Line art: 1000 dpi Halftones: 300 dpi Combinations: 500 dpi Colour:
300 dpi Colour combinations: 500 dpi. Legends for Figures should be
typed with double-spacing on a separate sheet.
REVIEW ARTICLES: Reviews should have an unstructured abstract
of up to 250 words. There is no maximum word count. The abstract
should contain a sentence outlining the academic and/or clinical
relevance of the manuscript.
EDITORIALS: Editorials should have an unstructured abstract of up
to 250 words, and a maximum of 12 references and 2 figures/tables
and a maximum word count of 1500 words.
LETTERS TO THE EDITOR: Letters and case studies (to be
submitted as Letters to the Editor) may include up to 1000 words,
2 figures/tables and 10 references. These should have no abstract
and no sub-headings, but may include a brief summary until the title
“Highlights”. If the letter contains original research findings a short
description of methods, results and conclusions is required in the
text.
Process of submission: ICFJ is a fully electronic journal.
Author Agreement Form: All authors and contributors must submit
a signed form stating their role in the article before the article is
considered by the Editorial Office.
Changes to Authorship: Requests to add or remove an author, or
to rearrange the author names, must be sent to the Journal Manager
from the corresponding author of the manuscript and must include:
(a) the reason the name should be added or removed, or the author
names rearranged and (b) written signed confirmation from ALL
authors that they agree with the addition, removal or rearrangement.
This includes confirmation from the author being added or removed.
Publication of an accepted manuscript is suspended until authorship
has been agreed.
Language Editing: The language of the ICFJ is English. ICFJ
welcomes abstracts submitted in the authors native language
provided they are checked, to match the English translation, by a
reliable body and a proof is submitted.
After acceptance: Proofs will be sent to the authors to be carefully
checked for printer’s errors. Changes or additions to the edited
manuscript cannot be allowed at this stage. Corrected proofs should
be returned to the publisher within 2 days of receipt.
Patient consent: Studies on patients or volunteers require ethics
committee approval and informed consent which should be
documented in the paper. Identifying information, including patients’
faces, names, initials, or hospital numbers, should not be included in
videos, recordings, written descriptions, photographs, and pedigrees
unless the information is essential for scientific purposes and you
have obtained written informed consent for publication in print and
electronic form from the patient (or parent, guardian or next of kin
where applicable). Written consents must be provided to the Editorial
Office on request. Even where consent has been given, identifying
details should be omitted if they are not essential. If identifying
characteristics are altered to protect anonymity, such as in genetic
pedigrees, authors should provide assurance that alterations do not
distort scientific meaning. If such consent has not been obtained,
personal details of patients included in any part of the paper and in
any supplementary materials (including all illustrations and videos)
must be removed before submission.
Scientific integrity: Any doubt about the data should be reported to
the Editorial Office as soon as raised
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COVID - 19 - A New Challenging Disease for
Intensivists and Cardiologists. From Basic
Science to the Clinical Setting.
Robert Skalik1,2
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Highlights
A novel coronavirus (COVID-19) causing Acute Respiratory Distress Syndrome (SARS-CoV-2) was considered culpable for the huge
number of lower respiratory tract infections leading to severe respiratory failure in many cases. However, the hospital reports show that
the COVID -19 infestation may range from the asymptomatic or poorly symptomatic course with an almost bizarre deterioration of life
parameters (“silent hypoxia”) through to critically ill patients with multiple organ failure. Moreover, the coronavirus disease may cause
lung damage in the asymptomatic COVID-19 positive patients who recover at home. The virus enters through angiotensin-converting
enzyme 2 receptor (ACE2) widely expressed in the cardiovascular system and other organs, which can result in myocardial injury,
myocarditis, acute myocardial infarction, heart failure, brain stroke, pneumonia and thromboembolic events. The COVID -19 - induced
failure of central mechanisms controlling breathing and circulation may explain the mismatch between the clinical symptoms and the
objective physiologic life parameters in many patients treated by intensivists or cardiologists. The severity of coronavirus disease is
dependent on numerous factors including the magnitude of host immune response, the impairment of central and peripheral nervous
system, age, comorbidities (e.g. diabetes, arterial hypertension, obesity, chronic heart failure) and presumably genetic proclivity. The
brand-new treatment approach with use of alternative or experimental therapies such us Extracorporeal Membrane Oxygenation
(ECMO), plasmapheresis, proinflammatory interleukins - targeted drugs, covalescent plasma transfusion, virus replication inhibitors is
obviously needed in some COVID- 19 patients.
Keywords:

COVID-19; symptoms; pathophysiologic mechanisms; cardiovascular diseases; new therapies
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Introduction

At the end of 2019 in Chinese City Wuhan, a novel coronavirus
(COVID-19) causing Severe Acute Respiratory Syndrome
(SARS-CoV-2) was considered culpable of the enormous
number of lower respiratory tract infections leading to severe
respiratory complications. The virus has turned out to have a
respectable potential to infect rapidly many people in China and
subsequently trigger a global epidemic [1]. Since the beginning
of March 2020, the COVID-19 pandemic has caused more than
13,000 deaths in Europe, almost 54% of which have occurred in
Italy (in Poland, number of deaths has reached over 900 people
since March 2020) [2]. The healthcare systems all over the world
have been faced up with tremendous hospital admission rate
and difficulty in the accurate and efficient diagnosing of such a
high volume of patients suspected of the COVID-19 infection. The

crushing majority of efforts to contain the COVID-19 pandemic
has been focused on respiratory problems and securing enough
ventilators. To make matters worse, doctors have promptly
realized that the disease is insidious and has many faces.
Much to the surprise of some intensivists, the effectiveness of
conventional mechanical ventilation is below expectation or it
does not work at all in many COVID-19 patients suffering from
acute respiratory failure. According to the New York state and city
officials, over 80% of COVID-19 patients placed on ventilators
in New York City have died [3]. Many of them are dying while
intubated on a ventilator. The increasing number of emergency
physicians become aware that ventilators are not always helpful
and Extracorporeal Membrane Oxygenation (ECMO) or other
non-conventional therapies might be the last resort for some
critically ill patients [4].

© 2020 Author(s). This is an Open Access article distributed under the terms of the Creative Commons Attribution CC-BY-4.0 license CC-BY-4.0 (http://creativecommons.org/
licenses/by/4.0/), which permits use, distribution and reproduction, provided the original work is properly cited. Published by Barcaray (International) Publishing.
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At present, we know that the COVID -19 infestation may range
from the asymptomatic or poorly symptomatic course with an
almost bizarre deterioration of life parameters (asymptomatic
hypoxemia on pulse oximetry called “silent hypoxia”) through
to severely ill patients with multiple organ failure including
lungs, kidneys, nervous system and other organs. Moreover,
the coronavirus disease may also cause relevant lung damage
in the asymptomatic COVID-19 positive patients as recently
reported by Austrian doctors from University Clinic in Innsbruck.
As more data come in from China, Italy and USA, it is believed
that COVID-19 can also infect cardiovascular system, albeit in
the majority of cases myocardial injury is more likely related to
systemic consequences [5]. The virus binds and enters through
angiotensin-converting enzyme 2 receptor (ACE2) widely
expressed in heart, lungs, vessels and brain, which can result in
systemic inflammation, multiorgan dysfunction and cardiovascular
complications including myocardial injury, myocarditis, acute
myocardial infarction, heart failure, dysrhythmias, brain stroke,
acute pleuritis, pneumonia and venous thromboembolic events
(Table 1) [6].
The pathophysiology of cardiovascular dysfunction in
COVID-19 patients is probably a complex and multifactorial
issue. The myocardial damage or cardiovascular failure due
to the coronavirus disease can be related to the direct viral
intrusion into the cardiac muscle, the excessive immediate host
immune response to the virus (“cytokine storm”), arterial blood
hypoxemia and acidosis in the wake of the alveolar-capillary
membrane damage, the impairment of brain cardiorespiratory
controls and lung-heart interaction during the acute inflammatory
process that stems primarily from the lungs. It was previously
confirmed on the animal model that experimentally-induced
pleurisy may cause myocardial damage probably via activation
of immunological system as soon as 24 hours since the onset of
acute inflammatory response [7].
There are several physiologic and pathophysiologic premises
demonstrating that some of the weird prodromal symptoms
(smell and taste sensations) or lack of symptoms (lack of
dyspnoea in patients with relevant hypoxemia) in some
COVID-19 patients might be caused by damage to the central
(CNS) and peripheral nervous system [8]. The lung ventilation
is controlled by the brain (central chemoreceptors in the
medulla oblongata, brain cortex and hypothalamus), peripheral
chemoreceptors (in the aorta and carotid vessels) and signalling
from the lung stretch receptors to the brain stem via afferent
vagal nerve endings. COVID-19 causes smell and taste
disorders that probably originate from some focal injury in CNS
and/or olfactory and taste receptors. It is likely that the virus
may also impair “breathlessness sensations” centre in the brain
cortex (insula), central and peripheral chemoreceptors as it does
taste and smell receptors [8,9]. Subsequently, the coronavirus
may cause missignalling between the chemoreceptors,
autonomic controls of breathing and circulation and other
cerebral structures. For this reason, the severely ill COVID-19
patients may not feel dyspnoea, even though their objective life
parameters dramatically deteriorate and might be indicative
of acute cardiopulmonary failure. Many brain areas can
be affected by the virus including cerebrum, vagal nerve,
paraventricular nucleus of hypothalamus, brain stem and
others. Some coronaviruses have been reported to spread via
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Table 1. COVID-19-induced cardiovascular
complications
Comorbidity
Myocardial Injury and Myocarditis
Acute Myocardial Infarction
Heart Failure and Cardiomyopathy
Arrhythmias
Shock and Cardiac Arrest
Venous Thromboembolic Events

a synapse-connected route to the medullary cardiorespiratory
center from the mechanoreceptors and chemoreceptors in the
lung and lower respiratory airways [8,9].
The viral infection may have strong affinity to the chemosensitive
area in the brain stem (chemoreceptors) involved in chemoreflex
- induced hyperventilation response to hypercapnia [10].
It was corroborated by experimental models that intranasally
injected lethal avian influenza A (H5N1) virus can replicate in
pontomedullary chemosensitive neurons of the brain and this
way depress hypercapnic ventilatory response [10]. According to
the previous studies, the enhanced chemoreflex as observed in
patients with chronic heart failure (CHF) may lead to hyperpnea
and exercise intolerance [11]. It can be hypothesized that the
coronavirus may impair brain stem reflex regulating minute
ventilation and the response of chemoreceptors to the changing
arterial blood gas levels (no shortness of breath despite relevant
hypoxemia). However, this issue needs further investigations
on the experimental animal models or in patients who have just
recovered from COVID -19 (the post-treatment assessment of
chemoreflex sensitivity in the laboratory conditions).
The sudden deterioration of clinical status in several COVID-19
patients during intubation as reported by some intensivists
may also indirectly indicate the impairment of chemoreflex that
is mediated by vagal nerve endings. The autonomic nervous
system (ANS) that controls respiration and heart function is a
system of “interrelated vessels”. ANS has ability to converge
and diverge information flowing in from various parts of
human body (lungs, upper respiratory tract, cardiac muscle,
vessels, hormonal system, immune system, urinary system,
skin, muscles, gastrointestinal tract). At present, we know that
many of the above - mentioned entities can be attacked by the
virus. The weird reflex response to tracheal tube insertion while
connecting the COVID-19 patients with ventilators may lead to
worsening of the respiratory function through abnormal signalling
between vagal nervous endings in trachea and brain stem due
to the coronavirus intrusion into CNS and peripheral nerve
endings. Besides, the coronavirus and virus-related host immune
response can devastate the alveolar-capillary membrane that is
necessary for gas exchange in the lungs. Hence, the conventional
mechanical ventilation in some most severely ill COVID-19
patients can be even counterproductive and add to lung tissue
damage [12]. It has been reported that the use of oxygen masks
with the unusual body position (“prone position”) and ECMO
are more helpful than the mechanical ventilation in many
COVID-19 patients with respiratory failure.
The clinical observations and better understanding of the
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complex physiologic and pathophysiologic mechanisms
implicated in the deleterious COVID-19 effect on the various
human body systems should encourage doctors and decisionmakers to revise the treatment guidelines for some ICU
patients and use the alternative therapies such as ECMO,
plasmapheresis, anti-interleukin monoclonal antibodies, viral
replication inhibitors or convalescent plasma in the critically
ill patients [13]
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Abstract
COVID-19 is extremely lethal disease and almost 190 countries are suffering from the latest pandemic. The literature indicates that
COVID-19 is more prevalent in patients with compromised immune systems. Patients with cancer are particularly vulnerable to
COVID-19 because of their immune compromised condition due to immunosuppressive therapy. Immunosuppressive therapy results
in mixing or overlap of COVID-19 associated pneumonia and immune-related pneumonitis and thus makes the diagnostic process
very confusing. On the other side in this pandemic, treating cancer patients in hospital will bring a lot of risk. There is still no strong
evidence on the cancer and COVID-19 connection. Yet, in this pandemic, patients with cancer should be treated as special cases.
Risk management is highly needed in the critical time of this pandemic. This review highlights the association between COVID-19 and
cancer, and we also highlighted the strategies which should be used to minimize the risk of COVID-19 in cancer patients.
Keywords:

COVID-19; cancer, review
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Introduction

In December 2019, an outbreak of novel corona virus (COVID-19)
also known as (SARS-CoV-2) in Wuhan state, Hubei province of
china was reported which then spreads to other regions of China
[1-3]. Because of human-to-human transmission, the worldwide
health organization has declared a pandemic spread worldwide
[4]. Initial symptoms of 2019 novel coronavirus are fever
accompanied by respiratory abnormalities like coughing and
shortening of breath. Only 15 to 20% of the patients have these
mild abnormalities while remaining asymptomatic in majority of
the patients. Older age patients are more susceptible to this
new corona virus [5]. Coronaviruses are enveloped viruses with
positive strand RNA as described by Tyrell and Bynoe in 1996
[6]. They are spherical virions with surface projection and have
four sub families alpha, beta, gamma and delta, and genome
size range between 26 kb and 32 kb. Their normal hosts are
pigs and birds [7]. Although COVID-19 can infect everyone
but patients with cancer are at high risk from this pandemic.
Recently many patients with cancer have been diagnosed
positive for COVID-19, approximately 5.6% cancer patients

died of coronavirus which is very high as compared to 2.6%
fatality rate of the non-cancer patients [8, 9]. Due to release
of the immunosuppressive cytokines in cancer patients which
suppresses the leukocytes population meaning cancer patients
become more prone to the COVID-19 [10, 11]. Smoking, a the
major cause of the cancer also enhances the gene regulation
and expression of Angiotensin converting enzyme 2 receptor the
binding site for SARS-COV and thus increases the susceptibility
to COVID-19 [12]. Liang and colleagues first reported COVID-19
to be more prevalent in cancer patients who become high risk
therefore for intensive care [8]. Immunosuppressive therapy
in cancer patients and it’s association with COVID-19 should
not be neglected [10]. This review is an effort to highlight the
association of cancer and COVID-19 and risk statistics and risk
management of COVID-19 in cancer patients, however, there
are no clear evidences on association between COVID-19 and
cancer therapy.

© 2020 Author(s). This is an Open Access article distributed under the terms of the Creative Commons Attribution CC-BY-4.0 license CC-BY-4.0 (http://creativecommons.org/
licenses/by/4.0/), which permits use, distribution and reproduction, provided the original work is properly cited. Published by Barcaray (International) Publishing.
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Anticancer therapy increasing the risk COVID-19
susceptibility in cancer patients

Cancer patients are more prone to COVID-19 and they may develop
severe and lethal complications [13]. Immune suppression due to
chemotherapy favors more suitable environment for coronavirus
infection and complication in cancer patients. Conversely, patients
receiving immunotherapy should be more immune reactive.
Deadly inflammation and anti-programmed cell death protein 1/
programmed death ligand-1 or anti-CTLA4 immune checkpoint
inhibitors (ICIs) result in lung injury mediated by a cytokine storms
and may have a harmful effect on coexisting COVID-19. Cytokine
storms are considered responsible for the above events and
cytokine storm is a known complication of SARS-CoV-2 [14, 15].
This virus can also effect macrophages, T cells and other immune
cell which then interfere with the immunotherapy resulting in
mixing or overlap of COVID-19 associated pneumonia and
immune-related pneumonitis. These two disease have similarity
in lot of their clinical and radiologic properties which can make the
diagnosis process very confusing. On other hand immune-related
pneumonitis can be treated by injecting corticosteroids through
intravenous route but this has antagonistic role in the treatment of
COVID-19 related pneumonia [16].

Association of COVID-19 and chemotherapy in lung
cancer patients

Zhang et al., who was the first to report the association of the
lung cancer and COVID-19. A Chinese man of 57 years age has
lung adenocarcinoma and harboring EGFR L858R mutation, but
he continues targeted therapy (osimertinib) against lung cancer
and also having COVID-19 associated pneumonia. The patient
then recovered from pneumonia and also, he had gained a stable
control of the cancer. Here the author has admitted that the patient
was taking anticancer therapy osimertinib and still recovered, but
if we look at the clinical practice it may not be possible because
there is a heterogeneous relation between lung cancer and
COVID-19 and the symptoms may range from mild to very severe
[17]. Tumors harboring EFGR mutation when treated with targeted
therapy may affect young and never-smoker patients, who will
shows minorities of these complications, in contrast older age
people will be more affected by these situations. Because they
will go for chemotherapy, immunotherapy, and not targeted
therapy therefore COVID-19 may be more severe in patients with
older age and tumor. In this context, patients have a higher risk
of developing severe or lethal SARS-CoV-2 complications. In
addition, there is an increasing debate on potential interactions
between corona virus and anticancer therapies [13].

Differential diagnoses of COVID-19 pneumonia in lung
cancer patients

COVID-19 associated pneumonia is very different from chronic
pneumonia and other infections as confirmed from the images
from CT scan, epidemiological study and other diagnostic
tests. There is a lot of genetic similarity between SARS-COV
and Covid-19. Recently it has been renamed by International
Committee on Taxonomy of Viruses as SARS-COV-19. Comparing
the pathological similarities SAR-CoV-2 has same complexity of
acute lung injury, phases of acute lung injury, such as edema,
inflammatory infiltrate, type II pneumocyte hyperplasia, and
organization, but without obvious hyaline membrane formation
and other long-term processes, such as squamous metaplasia
[18, 19].

Figure. 1. Adapted from [20] shows the CT scan image of the lung
cancer patients being positive for the COVID -19. (A) Represents
the post-operative image of the right lung revealing changes in
the right lung and increased ground-glass opacities bilaterally
(arrows). (B) Foci of ground-glass opacity seen bilaterally (arrows).

Histological changes of early phase COVID-19
Pneumonia in Two Patients with Lung Cancer

Pathologic findings from two patients were edema and prominent
proteinaceous exudates, vascular congestion, and inflammatory
clusters with fibrinoid material and multinucleated giant cells [20]

Evolution of COVID-19 in patient taking a long course
of anticancer therapy

A 65 years old male patient was admitted in emergency
department for shortness of breath, fever, and mental confusion.
When the hematological analysis was done, he showed
hypoxia and lymphopenia, his C-reactive protein level was
highly elevated and had also high levels of transaminases and
lactate dehydrogenase. Reticular-interstitial adversative was
found on performing the Chest x-ray. By performing RT-PCR
from nasal swab he was positive for COVID-19. On studying his
medical history, he was found positive for emphysema and lung
adenocarcinoma which was diagnosed on August 2012. For the
cancer treatment he had undergone cerebral metastasectomy
and radiotherapy. After six cycles of chemotherapy brain MRI and
CT scan showed progression of disease. He was then enrolled
in CA209-057 clinical trial and treated, from August 2013 until
February 14, 2020, with nivolumab, a PD-1 checkpoint inhibitor,
without adverse event and with a hold partial response. The last
CT scan was performed on February 2, 2020 and described
stable disease. On March 5, 2020, he was admitted in infectious
disease unit and started empiric antibiotic treatment and oxygen
therapy with reservoir mask at 15 L/min. He was sedated for
agitation and, for this reason, he never received prescribed
lopinavir + ritonavir and hydroxychloroquine. The patient had a
rapid worsening of condition and died on March 9 [21].
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Figure 2. Adapted from [20] shows histological changes from case 1. (A) Proteinaceous exudates in alveolar spaces, with granules;
(B) scattered large protein globules (arrows); (C) intra-alveolar fibrin with early organization, mononuclear inflammatory cells, and
multinucleated giant cells; (D) hyperplastic pneumocytes, some with suspected viral inclusions (arrow).

Case fatality rate of COVID-19 patients with cancer
and other co-morbidities

Overall case fatality rates of COVID-19 recorded in China with
cancer and other co-morbidities was 2.3% compared with
7.2% in Italy. On comparison the CFR of China and Italy shows
that CFR shows similarity in patients with age less than 70
years, but it is higher in Italy for older age above 70 years. The
percent CFR recorded above age 90 years was 37.6% in Italy
and 11.9% in China. Although the overall CFR difference is also
on the basis of different testing technology in these countries
as Italy first adapted a testing strategy for both symptomatic
and non-symptomatic patients but when patients suffered from
severe SARS-CoV-2-related ARDS, the Italian Ministry of Health
decided to allow testing only in symptomatic patients who
were potential candidates for hospitalization, and this decision
may have resulted in a biased selection and delayed treatment
of these patients. In this editorial, we would like stress the
identification of lung cancer patients as a specific population for
testing prioritization for COVID-19 [22, 23].

Risk Statistics of COVID-19 in cancer patients taking
immunosuppressive therapy

In the Lancet Oncology on Feb 14, 2020 Wenhua Liang and
colleagues published a comment which focuses on the risk of
COVID-19 in cancer patients. Using epidemiological statistics,
the authors concluded that cancer patients have more chances
to develop COVID-19. They studied the association of cancer and
COVID-19 in 18 patients who have history of cancer among 1590
patients found positive for COVID-19 and having no history of
cancer. Of 18 patients 4 had undergone chemotherapy, 12 patients
had recovered from cancer through surgery or chemotherapy,
and two had unknown treatment status. All were found positive
for COVID-19 [8, 24]. Zhang et al., 2020 conducted study on 28
cancer patients for quarantine and treatment against COVID-19
having lung cancer, esophageal cancer, and breast cancer. Six
patients out of 28 patients had received immunosuppressive

Table 1. Shows the CFR of COVID-19 in China and Italy
patients with cancer and other co-morbidities.
Case
fatality rate

Age

%CFR

Co-morbidities

China

Less than 70 years

2.3%

diabetes

Italy

Less than 70 years

7.2%

Cardiovascular
disease

China

More than 70 years

11.9%

cancer

Italy

More than 70 years

37.6%

Chronic respiratory
disease

Table 2. Shows Comparison of risk of covid-19 in cancer
patients and with patients with other co-morbidities [reproduced from WHO, 2020, February 28].
CO-MORBIDITIES

%RISK

CARDIOVASCULAR DISEASE

13%

DIABETUS

9.2%

HYPERTENSION

8.4%

CHRONIC RESPIRATORY DISEASE

8.0%

CANCER

7.6%

therapy, antitumor therapy, radiation therapy 14 days before
diagnosis and had developed severe events(HR = 4.079, 95% CI
1.1 - 15.3, P = 0.037)) and were more susceptible to COVID-19.
Out of 28 patients 53.6% develop severe symptoms, 21.4% were
admitted to ICU, 35.7% had developed severe complications,
and 28.6% had died [17].
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COVID-19 Risk assessment and risk management in
cancer patients

The following precautions should be adopted to minimize the risk
of COVID-19 in cancer patients.

disease-free patient from routine visit to the hospital; a phone
call discussion of clinical documentation may be useful in this
regard. (3) For admission to the hospital the patient should come
alone [18, 38].

Minimizing the risk of COVID-19 in cancer patients

Conclusion

Corona virus can be spread by physical contacts and other ways
but in case of cancer treatment we need an alternative to combat
the high risk of COVID-19 in cancer patients through telephone/
telemedicine against multiple cancer types, such as endometrial
[25], prostate [26] lung [27] and colorectal cancer, which may
be assessed and treated in patients with cancer and other
co-morbidities [28].

Management of head and neck cancer care in
COVID-19 pandemic situation

Head and neck cancer is a rare form of cancer in Italy with 9300
cases and 3216 deaths. HNC is usually treated at very advanced
stage of the diagnosis and needs rapid treatment, however
treating HNC at this pandemic situation would be problematic.
There should be a proper risk assessment team for the HNC
patients who will weigh the benefits and risk of the treatment
of the patients. A proper and reasonable treatment strategy
for anticancer and epidemic prevention should be adopted
i.e. avoid systemic therapy in patient having age more than 70
years and with major co-morbidities. These co-morbidities are
increasing the risk of COVID-19. While in head and neck cancer
when the doctors are monitoring the course of the COVID-19
patients the anticancer therapy should be delayed [29-32].

Management of the radiation oncology clinic in
COVID-19 pandemics

Radiation oncologist should also stop the radiotherapy in cancer
patients testing positive for the COVID-19, because 6.1% of
COVID-19 patients with pneumonia and lymphocytopenia 91.1%
and 83.2%, respectively require intensive care [33]

Risk management in colorectal cancer patients

In patients with colorectal cancer, survival is lower if treatment
is started >90 days from diagnosis. The same is the case
with colon cancer patients when treatment is started after 3-6
months of diagnosis; however, avoiding delay in this pandemic is
problematic. Oncologists should delay treatment for the good of
the patient in this pandemic [34-36].
• According to American society of cancer there would 147,950
new collateral cancer in US.
• With 40% have chances of local diseases.
• 24,650 patients could be affected in 2 months of epidemic
in the United States alone, of whom ≈9860 have localized
disease [37].

Critical recommendations to oncologist by the
Italian Association of Medical Oncology in COVID-19
pandemics

The Italian Association of Medical Oncology (AIOM) in partnership
with the boards of Academic Oncologists (COMU) and of Oncology
Unit Directors (CIPOMO) proposes some recommendations for
the follow up patients (patients who are taking active treatment)
and for their care taker and these are: (1) Immediate delay of
the anticancer therapy while observing the infections of SARSCoV-2. (2) For follow up patient the oncologist should avoid the

It is important to remember that covid-19 is highly infectious.
And the patients who are already immune compromised or taking
immunosuppressive therapy are highly prone to COVID-19.
Cancer patients are highly vulnerable to COVID-19 because of the
immunosuppressive therapy, targeted therapy and radiotherapy.
There are a lot of challenges regarding the management of
cancer patients in the COVID-19 pandemic. But there is a need of
managing the risk of COVID-19 in cancer patients. In this regard
the Italian Association of Medical Oncology (AIOM) proposes
some recommendations for the follow up patients (patients who
are taking active treatment); to delay immunosuppressive therapy
in pandemic, consult patients through video call or phone call
to avoid human to human transmission of COVID-19. However,
there is no clear evidence on the association between cancer
and COVID-19. But management of COVID-19 risk in cancer
patients is highly needed because cancer patients are highly
prone to COVID-19 pandemic.
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Abstract
The novel coronavirus outbreak arose in Wuhan, China in Dec, 2019. It is declared the 6th public health emergency by the WHO
and named as COVID-19. SARS-CoV-2 is non-segmented positive sense ssRNA virus, belongs to the Coronaviridae under the
Nidovirales and spread largely in human beings and other mammals. Person to person, airborne and surface transmission is
common, the the virus gets entered to host through nose, mouth, eyes, food, water and feces. An infected patient can transmit the
virus to 2.2 healthy individuals. A patient in the US showed gastrointestinal symptoms vomiting, nausea and passed loose stools.
Later the patient declared positive for SARS-CoV-2 based on viral detection in stools and respiratory samples. The gastrointestinal
symptoms like diarrhea, nausea, vomiting, abdominal discomfort and detection of SARS-CoV-2 in stools of infected and recovered
patients indicates potential oral-fecal transmission route, it could be potential risk for the spread of COVID-19. The flatus is gas
produced by aerophagia or bacterial fermentation in intestine and expelled out through esophagus or anus. It consists of Hydrogen,
Oxygen, Nitrogen, Carbon dioxide and Methane, their percentage composition is 99%. Previous study showed that bacteria can
transmit through bare-bottom farting. The gastrointestinal manifestation and possible oral-fecal transmission, the flatulence could
be the risk of transmission for COVID-19. Personal hygiene must be adapted to prevent the spread of disease.
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Introduction

The novel coronavirus outbreak arose in Wuhan China in Dec
2019. As of April 27, 2020, a total 2.98 million positive cases
and 207 thousand deaths have been registered worldwide. The
mortality rate of SARS-CoV-2 is less than SARS-CoV and MERS.
According to the China CDC, by Feb 16, 2020, there had been
70 641 confirmed cases of COVID-19 and 1772 deaths, with
an average mortality rate of about 2·5% [1,2] which is less than
mortality rate of the MERS (34.40%) & SARS-CoV (9.19%) [3],
figure 1.

Recent studies revealed that respiratory symptoms of COVID-19
including fever cough and dyspnea are like SAR-CoV outbreak
and MERS. The frequency of typical gastrointestinal features like
vomiting, nausea, diarrhea, and abdominal aches significantly
differs between distinct studied populations, however these
symptoms are mild and followed by more severe respiratory
signs and symptoms [4]. Evidences are there from past studies
of SARS indicating the gastrointestinal tropism of SARS-CoV
was confirmed by viral presence in stools and biopsy of infected
and recovered individuals, may give partial explanation for the

© 2020 Author(s). This is an Open Access article distributed under the terms of the Creative Commons Attribution CC-BY-4.0 license CC-BY-4.0 (http://creativecommons.org/
licenses/by/4.0/), which permits use, distribution and reproduction, provided the original work is properly cited. Published by Barcaray (International) Publishing.
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2. Transmission

Figure 1. Mortality rate of SARS-CoV-1, SARS-CoV-2 and MERS
coronavirus
gastrointestinal manifestation and dissemination of SARS [5].
It was confirmed by the 2-day history of a patient in the US, at
the time of admission vomiting and nausea were reported, and
on the second day he passed a loose stool in hospital. Later
the patient declared positive of SARS-CoV-2 on the basis of
viral detection in stools and respiratory specimens [6]. 2019nCoV nucleic acids were also detected in salivary samples of
diseased individuals rather than aspirate from naso-pharynx,
later the decline viral abundance was also reported in saliva
after attending hospital [7].
Taking into consideration a number of growing clinical evidences
revealed that digestive system may assist as a substitute way for
infection in individuals in proximity with untamed and suffered
animals. However, the individuals with mild symptoms or
asymptomatic have been ignored in former studies. So doctors
should take care and investigate the individuals with mild and
primarily gastrointestinal manifestations and note the time span
of infection to late viral transformation. The cases of severe acute
respiratory syndrome are increasing day by day and the whole
world is confronting the pandemic Covid-19. Shown in figure 2.

As the first case reported was in Wuhan China so it is said that
this virus came from Hunan Seafood Wholesale Market situated
in Wuhan, but there is still no evidence. Human to human
transmission is common as according to the CDC and WHO, it
was obvious that close contact is the major facilitator to transmit
COVID-19 infection. The virus travels up to one metre in the air
and contracted by the person who is in close proximity to the
infected person. From the analysis of the investigations and
research conducted by the China CDC, the incubation period
could be 3 to 7 days or may be up to 2 weeks [5]. It was also
concluded from the data that within every seven days this novel
SARS-CoV-2 doubles its progeny and the reproduction number
is R0 is 2.2, simply each patient can transmit the infection to an
extra 2.2 individuals shown in figure 3. On the other hand, if we
compare SARS-CoV with SARS-CoV-2 the Reproduction rate of
the SARS-CoV epidemic were approximately 3 in 2002-2003 [8].

3. Person to Person Transmission

Experts believe that all routes of transmission for CoVID-19
are possible but in novel coronavirus the person to person
transmission is very common [9]. This can happen in many
ways: when an infected person with corona virus coughs, talks
or sneezes in a close proximity with healthy individuals of about
6 feet distance [10]. The healthy one gets the virus into his lungs
by nose or mouth and gets infected. Recent studies revealed
that nCoV-19 can live in the air for up to 3 hours [11]. This virus
floating in the air and contaminates the air for healthy individuals.
Another way of transmission is surface transmission in which a
patient coughs or sneezes on. The virus can live on plastic and
stainless-steel surfaces for up to 2-3 days.

4. Oral-Fecal Transmission

Studies also suggest that the fecal-oral route could be a
potential route of transmission. The virus has been detected in
stools of infected patients [12]. Attending a washroom without
hand washing spreads the virus. Symptomatic patients often
spread the virus. But asymptomatic cases are alarming due to
no sign of symptoms and act as a free vector, they don’t know

Figure 2. As of March 30, 2020. These are the top 14 Countries of the world having highest number of confirmed cases.
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Table 1. Composition of Flatus
Oxygen

Aerophagia, diffusion
from blood

Nitrogen

Aerophagia, diffusion
from blood

Hydrogen

Bacterial fermentation
in large intestine

99%

Carbon dioxide

Methane

Figure 3. Reproduction number and transfer rate of COVID-19
(Source: https://ivoryembassy.com/blog/r0-of-covid-19)
they’ve been infected and pass the virus to others easily [13].
Pre-symptomatic spread passes virus to others before noticing
any signs and symptoms of infection. Community spread is also
common in which persons didn’t know from where and whom
they were infected [14].

5. Flatulence

State of being flatulent is called Flatulence. Medically gas
generated in the stomach or in large and small bowels is termed
as Flatus [15]. These are the gases generated in intestine due to
digestive problems or inhaled air during eating food, thus Flatus
is not totally produced in the stomach or GI tract but a proportion
of environmental air oxygen and nitrogen may be swallowed can
cause intestinal gas [16]. Volume or frequency of flatus differs
between individuals, but it’s common to pass flatus and the
feculent odor is normal for intestinal gas [17]. By the pressure of
muscular layer surrounding the intestine the Flatus is brought to
the rectum to be expelled out. The blowing noise of flatulence
is created by the anal aperture and buttocks acting together in
a manner similar to wind instrument (embouchure) that produce
sound. The sound and the odor both are considered root of
shame, anger or comedy [18]. Common symptoms linked to
intestinal gas, the primary symptoms linked to intestinal gas
are; aches in the anal and area around abdomen, a bloated
feeling and abdominal discomfort, excessive flatus volume and
smell, lack of voluntary control over gas. Moreover, sometimes
belching or eructation (act of air expelling from the stomach via
mouth) also known as burping is considered as flatulence [19].
Furthermore, in health disorders like lactose intolerance, irritable
bowel syndrome and celiac disease, the excessive flatus can be
a sign [20].

6. Mechanism of Production of Flatus

Bacterial fermentation in the gastrointestinal tract is the main
production source of flatus, released as a byproduct especially
during the fermentation occurring in colon [21]. There are rare

Diffusion from blood,
Bacterial fermentation
(large intestine),
Gastric acid plus food,
saliva, or bicarbonate

74 %

25%

Bacterial fermentation
(large intestine)

reports of aerophagia causing intestinal gas [22]. The following
four events are responsible for the production of naturally
occurring gas in gastrointestinal tract. Aerophagia, Gastric acid
interaction with alkaline food, pancreatic bicarbonate and saliva,
Diffusion of Oxygen, carbon dioxide and nitrogen from blood,
Bacterial metabolism, and fermentation process. The produced
Gases are removed by either diffusion into blood and consumed
by bacteria or expelled out through esophagus or anus. Primarily
aerophagia is considered for gas production in GI tract during
meal environmental air is swallowed [23]. UCT (ultrafast computed
tomography) in humans revealed that 17 ml of air gets swallowed
with drinking 10 ml of water [24]. Every day large amount of air
reaches to the stomach with given food (solid or liquid) that is
taken into the mouth all day. The N2 component of swallowed air
is then passed through rectum, if not blenched25.
Vigorous exercise and rapid eating habit increase the risk of
aerophagia however some air also ingests with the propulsions
of bolus through pharynx. Within 15 to 35 minutes flatus is
produced in the stomach by aerophagia [25]. Gases can travel at
velocity or speed of up to 10 cm/sec through the gasterointestinal
tract however the intestinal transit time is longer for liquids and
solids compared to gasses. Production of CO2 occurs in the
stomach by the interaction of HCL with alkaline food, saliva
and bicarbonates present in pancreatic juice. Swallowed air
plus variable quantities of CO2 constitute belched air however
bacterial fermentation can also produce large amounts of gas
in the colon. Fiber, poorly digestible protein, carbohydrates,
mucin, bile acids are the substrates for bacterial fermentation
to produce gas. Non-digestible oligosaccharides raffinose,
stachyose, verbacose are more likely to generate more gas in the
intestine [26]. Composition of flatus consists of gasses over 99%
of the whole composition including hydrogen, oxygen, nitrogen,
carbondioxide and methane gas, these gasses are non-smelly in
nature [27]. Patients with problems of intense intestinal gas mainly
consists of N2 [28]. Nitrogen and oxygen are not produced in the
GI tract but it is from environmental air. H2, CO2 and CH4 are
generated in the bowel and constitute 74% of the whole volume
of flatus (28) and 25% O2 and N2 as shown in table 1. Flatus
contains proper amounts of methane and hydrogen because of
their flammable nature [29]. But not all humans produce methane
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containing flatus. For example, Miller et al, conducted study on
9 feces samples only 5 of them having archaea which is capable
of generating CH4 gas [30]. As Archaea oxidizing hydrogen into
methane gas can enhance the metabolic capability to absorb
fatty acids from food, thus presence of methane in human farts
may correlate with obesity [26].
The noxious smell of flatus in humans and animals strongly
correlates with H2S concentration [25]. The trace compounds
present in amount less than 1% gives smell to flatus. Ammonia,
indole, skatole and short chain fatty acids cause smell similar
to flatus. Volatile sulfur compounds are the main contributor to
the smell [26]. Methanethiol, hydrogen sulfide, dimethyl sulfide,
di and trisulfide are found in flatus. Smell of volatile indole and
skatol are noxious but do not contribute to flatus smell.
It is revealed by Levitt et al study that H2S, methyl mercaptan
and dimethyl sulfide concentration have correlation with
perceived bad smell of flatus respectively, subjecting pinto beans
as a diet to stimulate flatus production [31]. It is also reported
that methanethiol is the contributor to the flatus smell in those
patients whose specific diet is not altered [32]. It has now been
revealed that methanethiol and H2S, are present in human flatus
in concentrations above thresholds which increase the noxicity in
smell [33]. Such smell can also be caused by bacterial micro flora
in feces through fermentation in rectal canal. Sulfur containing
amino acids increases the smell of flatus significantly.

7. Does Flatulence present any Risk of Transmission
for COVID-19?

Recently on Friday, 17th April, Dr. Norman Swan stated that
bare-bottom farting should be avoided near each other as it
could potentially spread the virus, he told in a live podcast
“Coronacast”. Dr. Andy Tagg tweeted a related question “can
the bottom-based emissions of someone with coronavirus be
silent and deadly?” subject to farts as a risk of transmission
for COVID-19. A hot discussion started on it and Tagg gave
information about GI tract and flatulence. Tagg concluded that
the SARS-CoV-2 could potentially spread through farts. He
linked his conclusion with the Tang et al study that showed
SARS-CoV-2 virus can be spread through feces and it has been
detected in asymptomatic patients up to 17 days past the point
of exposure [33]. A well-known epidemiologist Dr. Aaron E. Glatt
wrote an email to The New York Post stating that studies revealed
that there is a significant percentage of covid-19 patients who
have gastrointestinal symptoms [34]. So, farts could transmit it
but there is no published data on it to confirm. However, among
different study populations the incidence of nausea, diarrhea,
vomiting and other abdominal discomforts varies significantly
with early mild onset of respiratory symptoms [35]. Former
studies of SARS-CoV indicated and verified viral detection in
biopsy and stools specimen even in discharged patients [36]
which may provide partial explanation that the virus exists in
stools and could be transmitted through flatulence. Recently
two Chinese laboratories reported live SARS-CoV-2 in stools
samples of infected patients.
Dr Karl Kruszelnicki designed his experiment to know whether the
farting can contaminate the sterilized environment of operation
theatres or not. For this he contacted to a microbiologist Mr. Luke
Tennent and set up an experiment. He took two petri dishes and

Figure 4. Dr karl’s experiment designed for to check whether
bare-bottom farting transmits microbes or not
asked his colleague to break out wind directly into petri dishes
keeping at a 5 centimeters distance, first fully clothed and then
with his trousers down. He keeps the petri dishes overnight
in an incubator. The observation was shocking, the flatus that
were directly passed to the petri dishes with trousers down,
sprouted two types of bacteria one from the gut and the other
from the skin. No growth was observed in the petri dish that was
exposed to flatus wearing trousers. He concluded that wearing
trousers acted as a filter that is why there is no growth observed
in the second petri plate. He further deducted that enteric zone
observed in the first Petri dish was due to the direct flatus, the fart
blew some normal micro flora of buttocks skin blasted into the
petri dish. Further study revealed the observed bacteria were not
harmful. So therefore, it seems, that flatus may cause infection if
the emitter is infected and naked, but not if he or she is clothed.
Shown in figure 4.
Medical and health related professionals are cautioned about the
new and interesting information to take it as a fact and evidence.
While it is not something to believe so quickly but it needs some
solid research to confirm farting as a risk for transmission of
COVID-19. Regardless of the information whether farting is a risk
for transmission of COVID-19, as the viral detection in feces is
confirmed so there is a possibility that farting could be a risk for
transmission.
In light of the above discussion, we all need good bathroom
hygiene. The CDC reminds us that infectious diseases may
spread in many ways, such as through mouth, nose, eyes,
food, water, broken skin, genital fluids, sexual contact and even
through feces.

8. Prevention and Management

1. 	Social distancing is the best way to slow down the spread of
COVID-19. There are a few ways to do it [37].
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2. 	Avoid travel, do not get out of your home unnecessarily,
if going then wear a mask and keep 6 feet distance from
others.
3. 	Avoid working in organization or company and if possible,
work from home.
4. 	Avoid physical contact or visits with friends and family and
use phone for communication [38].
5.	Make a habit of washing your hands before and after the
meal for 20 sec with soap, take great care of washing your
hands after attending toilet.
6.	Avoid unnecessary shopping, groceries or drugs and other
daily usage things should be ordered online.
7.	Avoid close contact with pets, their waste and toys they
touched.
8. Don’t share your personal items like towels, utensils etc.
9. 	
Clean and disinfect the surfaces frequently like phone,
tables, doorknobs etc.
10. The infected people must self-quarantine in a separate room
to stop the spread of coronavirus to healthy individuals.
11. Gastrointestinal symptoms in COVID-19 infection such as
diarrhea could be treated by available medicine used for it.
12. Bare-bottom farting should be avoided in proximity with others
in case of infection. So far, there is no vaccine for prevention
of COVID-19, but some potential vaccines are being tested
or under trial [39] as shown in table 2. These vaccines will be
available soon to treat or prevent COVID-19 pandemic. Some
experimental drugs are also being tested such as chloroquine
and hydroxychloroquine [40]. Convalescent sera are the
current available best options as there is no vaccine so far
[41]. If the situation worsens call the doctor. Many countries
around the world have limited large gatherings by closing
markets, shopping malls, schools, universities, restaurants,
and theaters [42]. These measures might be extreme. But
according to health professionals it is the only way to slow
down the spread of COVID-19.
As of yet there are no vaccines , but hopes are alive. Prevention is
better than cure. We have only this option. By taking precautionary
measures we can compete with COVID-19.

9. Conclusion

Diarrhea, vomiting and abdominal discomfort are frequent
symptoms in patients infected with SARS-CoV-2. Increasing
evidences and the detection of viral sequences in stools and
gastrointestinal manifestations indicating the possible oral-fecal
transmission and this route of transmission could be a potential
risk. Asymptomatic spread is more alarming. Proper care is

Table 2. Composition of Flatus
Vaccine

Phase

DNA

Phase II

Viral vector

Phase I

Subunit

Preclinical stage

Inactivated

Preclinical stage

Live-attenuated virus

Preclinical stage

Virus-like particles

Preclinical stage

needed. An infected person can transmit infection to 2 healthy
individuals. Bacteria spreads through bare-bottom farting so
the virus could also. Close contact with feces of humans and
animals and bare-bottom farting should be avoided. To minimize
the oral-fecal transmission hands must be washed before and
after attending toilet with soap for 20 sec. Moreover, the virus can
live for hours on surface proper disinfection and prevention must
be adapted. Keep social distancing and stay home, stay safe.
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Abstract
COVID-19 is highly fatal disease having a high mortality rate and is declared as pandemic situation by World Health Organization.
It shows a clear indication that every individual is at risk of this pandemic especially older individuals and immunocompromised
persons. It’s casual agent is SARS-Cov-2 and the main target site of this virus is the ACE2 receptor of lungs. But as compared
to lungs ACE2 receptor is highly expressed in other organs i.e. kidney, liver, brain, GI tract, cutaneous, adipose tissues and
cardiovascular system these organs are susceptible to COVID-19 infections because of having ACE2 receptor. Many of the
co-infections associated with COVID-19 are reported i.e. Neurological manifestation of COVID-19,Cutaneous manifestation of
COVID-19, Endothelial cell infection and endotheliitis, adipose tissues infections, Cerebral Hemorrhage, liver injury, cardiovascular
complications, kidney infection, trigger immune system response and subsequent organ failure. In this review we highlights ACE2
mediated viral entry of the SARS-Cov-2 and subsequent multi organs failure in COVID-19.
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Introduction

In December 2019 a pandemic of acute respiratory distress
syndromes occurred in Wuhan, China, the early evidence suggests
this may be due to exposure to local sea foods in China [1] The
pathogen was isolated from Chinese patients and designated
as severe acute respiratory syndrome corona virus 2 (SARSCOV-2) .WHO announces this as global pandemic on March 11;
2020. COVID-19 mainly affects lungs by producing respiratory
predominant symptoms like fever, cough, flu and dyspnea [2].
The virus primarily attacks the angiotensin converting enzyme-2
receptor (Ace2) of the lung. However recent reports suggested that
COVID-19 infection is not confined only to lungs.As ACE2 receptor
is the binding site of (SARS-COV-2) and there are abundance of
this receptor on different body organs such as in alveolar epithelial
type II cells of lung tissues, as well as extrapulmonary tissues such
as the heart, endothelium, kidneys, and intestines [3, 4, 5, 6]. In
addition to respiratory disease there are a lot of complications
associated with COVID-19. The pandemic

has an adverse effect on the central nervous system. Reported
data have shown neurological manifestations of COVID-19. Much
of the research on corona virus has shown it has capability of
causing brain infections in humans and other animals [7, 8].
The heart infection is highly prevalent in COVID-19 leading
to cardiovascular complications [9,10]. Although lungs are its
primary target but there are many related data supporting the
cutaneous manifestation of COVID-19 [11, 12,]. Patients suffering
from COVID-19 and admitted to intensive care unit have high
incidence of venous and thrombotic complications [13]. Acute
ischemic stroke is another complication of COVID-19 [14].
Enhanced ACE2 receptor expression in kidney supports nephritic
cells damage in kidney due to COVID-19 [15]. This review is
an effort to highlights some of the co-infections associated with
COVID-19 and multi organs failure.

© 2020 Author(s). This is an Open Access article distributed under the terms of the Creative Commons Attribution CC-BY-4.0 license CC-BY-4.0 (http://creativecommons.org/
licenses/by/4.0/), which permits use, distribution and reproduction, provided the original work is properly cited. Published by Barcaray (International) Publishing.
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On April 11, 2020 1,610,909 confirmed cases were reported,
with 99,690 (6.19% of confirmed cases) of mortality. All the
ages are susceptible to this pandemic but the risk is higher in
older age and immunocompromised or with co-morbidities. On
the other hand mortality is related with age and more often with
targeted organ failure [16, 17, 18, 19, 20, 21].

From APRIL 10 he started short seizures. When the patients
awoke from seizure a 49 minutes EEG was performed and the
results of the peak confirm the epileptic seizures. He felt first
seizure for six minutes, second seizure for 5 minutes. His brain
MRI was normal, laboratory test was also normal, on APRIL 14
the patient has only one brief episode of seizure but his EEG
was normal then. The result suggests seizures associated with
COVID-19 with no history of meningitis or encephalitis [36]

2.2. Virology

4.1. Mechanism of seizures induction by COVID-19

2.3. Transmission

5. Endothelial cell infection and endotheliitis in
COVID-19

2.1. Epidemiology

Corona virus are enveloped, positive stranded RNA virus,
genome size ranges between 26kb to 32 kb, resembles a solar
corona, have four sub families i.e. alpha, beta, gamma and delta
Coronaviruses and was first described by Tyrell and Bynoe in
1996 [22, 23, 24, 25, 26]

The most accepted model at first was animal to human
transmission from Wuhan sea food market. Genome studies have
suggested that animal is the natural reservoir of corona virus like
pigs. But after sometimes person to person transmission model
was the most acceptable mode of transmission i.e. by aerosol,
air droplets, fecal oral transmission has also clarified [27, 28, 29,
30, 31, 32, 33, 34, 35].

3. ACE2 involvement in manifestation of co-infection
in COVID-19 patients

As viral infections need entry into the cell for replications, the
ACE2 receptor act as co receptor for SAR-COV-1 and SARCOV-2 for entering to lungs and brain cell. ACE2 receptors are
expressed in nearly all tissues and cells of the body i.e. in the
ileum and kidney followed by adipose tissue, heart, brain stem,
lung, vasculature, stomach, liver, and nasal and oral mucosa
[41, 42, 43]. Current studies suggest the presence of viral load of
SAR-COV-2 in brain may be attributed to internalization by ACE2
and transport by cranial nerves. And it may result in neuronal cell
death. Loss of ACE2 receptor from pulmonary tissues may lead
to respiratory distress. As we know that ACE2 receptor is found
in nearly all tissues so the disruption or loss of this receptor may
lead to dysfunction of all the organs [44, 45, 46, 47, 48].

4. Neurological manifestation of COVID-19

Moriguchi et al., 2020 reported a 59 years old male patients
having no familial history of seizures but a complaint of
atrial fibrillation and treated sleep apnea who was admitted
in emergency department on March 26,2020 with fever, dry
cough and headache. His first RT-PCR result was negative for
SAR-C0V-2, but later he was tested positive for SAR-COV-2 by
RT-PCR assay from tracheal secretion and chest CT- SCAN.

Figure 1.
Shows the ACE-2 receptor mediated entry of SARS-Cov-2 into
the cell [62]

The movement of human corona viruses toward brain is supported
by the presence of ACE2 receptor in brain cell. SAR-COV-2 inhibit
the ACE2 receptor which slows the baroreflex which in turn slow
down the blood flow toward brain and thus increases seizures
threshold [37, 38, 39,]

As ACE2 receptors are also expressed in endothelial cell.
However vascular damage in COVID-19 by endothelial cell entry
of SAR-COV-2 is unknown. But SARS-COV-2 can directly infect
blood vessels [50, 51, 52, 53]

6. COVID-19 and adipose tissues

According to previous studies it is well known that adipose tissues
are more prone to Influenza virus and HIV. The transmission and
mortality rate of influenza virus is more related to obesity [54,
55, 56, 57]. As ACE2 expression in adipose tissues is much and
higher than lung, kidney and other organs and has higher RNA
level than lungs. There may be some possibilities of SARS-C0V-2
infection in adipose tissues but till now it is not reported [58].

7. Liver and COVID-19

Previous studies have reported liver abnormalities in patients
infected by SARS-coV-2 and COVID-19 medications side effects
on liver have been illustrated previously [59]. In addition after
performing liver biopsy of COVID-19 patients fatty liver and liver
injuries were reported [60].

8. Cerebral Hemorrhage a complication of COVID-19
patients

In a study a COVID-19 patients was reported whose first symptom
was cerebral hemorrhage. When craniotomy was performed the
patient has high fever and the case was challenging to treat. After

Figure 2.
Pathology of endothelial cell dysfunction in COVID-19 and viral
inclusion in kidney cells and also viral particles in endothelial
cells adapted from [49]
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Table 2.

Figure 3.
Shows the CT scan image of lung and brain of COVID-19 patient
who have the complication of cerebral hemorrhage[61]

Table 1

Total patients under study for
Cutaneous manifestation of
COVID-19

72

Patients showing mobilliform

36.1% (26/72) patients

Patients with papulovesicular rash

(34.7%, 25/72

urticaria

(9.7%, 7/72)

painful acral red purple papules

(15.3%, 11/72

livedoreticularis lesions

(2.8%, 2/72)

petechiae

(1.4%, 1/72)

Table 2 shows different cutaneous lesions in patients infected
with COVID-19 [73]

Total COVID-19 infected
patients having
cardiovascular complications

138

Table 3.

Percent patients presented
with shock

8.7%

Common sites of lesion in
COVID-19

Trunk, head, feet, skin

Percent patients with acute
cardiac injury

7.2%

Trunk

(66.7%, 50/72)

No of patients received
extracorporeal membrane
oxygenation

4 out of 138

Head and feet

19.4% (14/72)

New onset heart failure or
cardiomyopathy in patients
with COVID-19

25%

skin

12.5% (9/72)

Postulated mechanism for
cardiovascular system failure
in COVID-19

direct myocardial injury, indirect
injury through cytokine release,
a prothrombotic state causing
microvascular thrombosis, and
exacerbation of underlying
cardiovascular disease e.g.
plaque rupture in susceptible
patients

Table 3 shows common sites of cutaneous manifestation of
COVID-19 [74]

Table 4.
Total no of COVID-19
patients admitted with kidney
abnormalities

A total of 701 patients were
included in a study

Table 1. shows percent COVID-19 infected patients with
cardiovascular complication and propose mechanism for
cardiovascular system failure in COVID-19 patients [63, 64, 65,
66, 67].

Glomerular filtration rate
recorded in most of COVID-19
patients

< 60 ml/min per 1.73 m2
was reported in 13.1% of
patients

Percentage of patients having
elevated creatinine and blood
urea nitrogen level

14.4% and 13.1% of the
patients

CSF testing the intracranial infections was reported and it shows
a clear evidence for the involvement of COVID-19 in cerebral
hemorrhage and cerebral blood vessels damage [61]

Patients with proteniurea

43.9% of patients

Patients with hematuria

(26.7%)

9. Cardiovascular complications in COVID-19

Table 4 Kidney abnormalities associated with COVID-19[75]

According to previous studies and results of previous outbreaks
such as SARS-Cov-1 and MERS cardiovascular complications
are associated with COVID-19 [63]. The actual mechanism
through which COVID-19 induces cardiovascular infections is
not understood yet but there are some proposed mechanism i.e.
by inducing direct myocardial injury or through indirect injury by
cytokine storms [63, 64, 65]

10. Cutaneous manifestation of COVID-19

There are many case reports on cutaneous manifestations of
COVID-19 [68, 69]. For the diagnosis of different infectious disease
cutaneous manifestations are very important. As COVID-19
remains asymptomatic for 14 days cutaneous manifestations may
be an indicator of infection cause by SARS-Cov-2 [70, 71, 72]
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Percent patients infected with
SARS and having chances to
develop acute kidney injury

6.7% of patients with SARS
developed acute kidney
injury

Percent mortality of COVID-19
patients having acute kidney
injury

mortality of those with AKI
was 91.7%

Table 5 Comparison of acute kidney injury and mortality rate with
SARS-Cov [76]

Table 6.
SARS-Cov-2 target site on GI
tract

ACE2 receptor of GI tract

Common symptoms associated
with GI tract complications in
COVID-19 patients

Nausea, vomiting and
abdominal pain

Table 6 represents target site of SARS-Cov-2 on GI tract and
common symptoms of GI tract complication in COVID-19 [77, 78]

Table 7.

19

Immune system is greatly influenced by any infection in the body.
In COVID-19 pandemic immune system triggers cytokine storms
and induces inflammatory responses and in multi organs hence
result in multi organ failure. Concentration of serum inflammatory
mediators like interleukin ((IL)-2, IL-7, IL-10) and interferon’s are
highly elevated in sera of patients infected with COVID-19 [79].

Conclusion

From the above study it is concluded that as ACE2 is involved
in viral entry of SARS-Cov-2 and as this receptor is present on
many organs so all these organs are susceptible to COVID-19.
And these co-morbidities help in the progression of the disease
leading to a high mortality rate. Acute kidney failure, liver injury,
nervous system damage, cutaneous lesion, cardiovascular
system failure all these are the outcomes of COVID-19. All those
patients having co-morbidities and infected with COVID-19 need
intensive care because they are at high risk. This paper adds in
highlighting co-morbidities association with COVID-19.

Conflict of interest

COVID-19 and immune system

Induces triggers immune
response to produce
inflammation in multi organ

Types of serum inflammatory
mediators associated with
cytokine storms in COVID-19

interleukin (IL)-2, IL-7,
IL-10, granulocyte colony
stimulating factor, interferoninducible protein 10,
monocyte chemo attractant
protein 1, macrophage
inflammatory protein 1a,
and tumor necrosis factor a
(TNF-a).

Response of pro-inflammatory
T-cells

|

13. COVID-19 and immune system

Table 5.

Lymphocyte hyper activation in
COVID-19

Reviews

CD4þ and CD8þ cell counts
in peripheral blood were
greatly reduced, (CD4
3.47%) and CD38 (CD8
39.4%) are highly increased
which shows lymphocytes
hyper activation
CCR4þ CCR6þ Th17 cells
increased, and CD8þ T
cells demonstrated high
cytotoxicity owing to their
excessive activation

Table 7 shows activation different types of inflammatory mediators
and lymphocyte hyper activation in COVID-19 which results in
inflammatory response against multi organs and susceptible
organs failure in COVID-19 [79, 80, 81, and 82].

11. COVID-19 and kidney

In previous epidemics of SARS and MERS kidney infections was
reported as one of the most drastic complications of the epidemic
with high mortality rate up to 90% due to kidney involvement and
acute kidney injury [73, 74]

12. COVID-19 and gastrointestinal complications

A number of patients tested positive for COVID-19 by
performing RT-PCR from their stool sample shows many GI tract
complications. The reason for GI tract complications is clear as
ACE-2 receptor is highly expressed in gastrointestinal tract and
thus GI tract serves as target site for SARS-Cov-2. [77, 78]
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Abstract
Background

The Impella® devices have increasingly become a desired treatment option for cardiogenic shock (CS) as demonstrated by studies
analyzing real-world use of hemodynamic support devices. However, data regarding outcomes after Impella® device implant and
optimal timing of device placement remains scarce. This study investigates prognostic factors including serial lactate levels in CS
patients treated with Impella®.

Methods

This retrospective study reviewed 76 consecutive patients diagnosed with CS supported with Impella® at a large, tertiary-care
university medical center. Clinical variables and outcomes examined include co-morbidities, pre- and post-procedural lactate levels,
and mortality.
Results

Of the 76 patients requiring an Impella®, 70% of patients survived to hospital discharge. Those who died post-device implant
had a higher prevalence of hyperlipidemia (HLD), chronic kidney disease (CKD), and were more likely to require multiple (>1)
vasopressors. The mean pre-procedural lactate levels were significantly higher (5.86 +/- 5.11 vs 2.16 +/- 1.50, p = 0.01) in the
population who died, along with the change in lactate levels (1.90 +/- 2.56 vs -0.40 +/- 1.73, p=0.04). Those who died within 24 hours
of implant showed a trend toward higher mean pre-procedural lactate levels (8.46 +/- 6.00 vs 3.86 +/- 3.31, p = 0.12).
Conclusions

Higher pre-procedural lactate levels, HLD, CKD, and increased vasopressor requirement were predictive of increased mortality in
CS patients post-Impella® placement, especially within 24 hours of implant. Through serial lactate measurements, we demonstrated
favorable outcomes in patients with early stabilization or greater lowering of post-procedural lactate levels suggestive of improved
end organ perfusion.
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Introduction

Cardiogenic shock (CS) is a serious and devastating complication
of acute myocardial infarction (AMI). Mortality from cardiogenic
shock can range anywhere from 70-80% [1,2] and is particularly
high in patients who present with CS in the setting of AMI. In
patients with shock, several variables have been studied to help
determine mortality in the acute setting. Lactate production is one

of these variables and is known to be the result of mismatched
oxygen supply and demand resulting in anaerobic metabolism [3].
The stress response to shock includes an increased metabolic
rate, increased adrenergic output, accelerated glycolysis and
modified myocardial bioenergetics supply resulting in increased
lactate levels [3]. Given the high mortality rates in CS, early risk
stratification is helpful in guiding treatment therapies.

© 2020 Author(s). This is an Open Access article distributed under the terms of the Creative Commons Attribution CC-BY-4.0 license CC-BY-4.0 (http://creativecommons.org/
licenses/by/4.0/), which permits use, distribution and reproduction, provided the original work is properly cited. Published by Barcaray (International) Publishing.
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A sub-study of the IABP-SHOCK II (Intra-Aortic Balloon Pump in
Cardiogenic Shock) trial demonstrated that six variables could
independently predict 30-day mortality. These include age,
hyperglycemia, prior stroke, Thrombolysis In Myocardial Infarction
(TIMI) flow grade after percutaneous coronary intervention
<3, elevated creatinine and arterial blood lactate >5mmol/L at
admission [4,5].
Previous studies analyzing real-world use of hemodynamic
support devices have demonstrated favorable outcomes with
the Impella® left ventricular assist devices (2.5, CP and 5.0) and
these have increasingly become a desired treatment option for
CS [6]. An Impella® is a percutaneously inserted left ventricular
assist device inserted through the femoral artery via a modified
Seldinger technique and placed in a retrograde fashion across
the aortic valve into the left ventricle. Data on outcomes after
implant and optimal timing of placement; however, remains
scarce. The Impella-EUROSHOCK-registry retrospectively
studied 120 patients and reported that lactate levels decreased
from admission after Impella® device implant, suggestive of
improved organ perfusion although 30-day mortality remained
high. In addition, admission lactate levels >3.8mmol/L predicted a
higher 30-day mortality [6].
Our study sought to investigate the prognostic significance of
pre-procedural lactate levels, and lactate clearance after device
implant. We hypothesized that patients in CS requiring Impella®
device with lower lactate levels at admission, as well as those
with a greater decrease in lactate levels, had improved survival
compared to those patients with higher admission lactate levels,
and/or an increase or lesser decrease in lactate levels after
Impella® placement.

Methods

This study reviewed 76 consecutive patients with CS supported
with Impella® placement at a large, tertiary-care university
medical center between 2012 and 2017. Patients who developed
CS were treated with either Impella® 2.5 or CP devices which
were inserted via a standard catheterization procedure through
the femoral artery. Only 1 patient had a surgically implanted
Impella® 5.0 device. Cardiogenic shock was defined as having
systolic blood pressure of 90 or less with or without signs of
hypoperfusion, encompassing the beginning and later stages
of cardiogenic shock. Variables examined include age, sex,
comorbidities including HTN, DM, HLD, and CKD, and etiology of
cardiogenic shock (STEMI vs no STEMI).
The dependent variables examined were pre- and postprocedural lactate levels, delta or change in lactate levels, and
percentage delta lactate. Serial pre-procedural lactate levels
were collected, but the level closest to the time of device implant
was used. Patients who did not have either pre-device or postdevice implant lactate levels were excluded from the smaller
analytic dataset which consisted of 46 patients. Delta lactate level
was calculated by subtracting the admission lactate level from the
post-procedural lactate level (post-procedural lactate level – preprocedural lactate level). Percentage delta lactate values were
calculated by 100x(delta lactate level / pre-device lactate). These
levels were examined in patients who survived and died post
device placement. Patients who died were further categorized into
patients who died within or after 24 hours of implant. Mortality was
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determined by review of medical charts. Patients who survived
were not followed after discharge.

Statistical Methods

Our continuous data, pre- and post-procedural lactate levels, were
expressed as means ± standard deviations. The differences in the
continuous data between two study arms were assessed using a
2-sample t test. The significance of differences in proportions were
tested using chi-squared tests. An alpha value of 0.05 was used
to assign statistical significance. Multivariate logistic analyses
were used to evaluate the odds ratios evaluating the odds ratios
for mortality when proportionate delta lactate takes different
values compared to a reference value of -50% (i.e. halving of
levels post-implant). Given the modest study size, the number of
independent variables in statistical models was restricted to four
in order to avoid biased estimates [7]. We explored three different
models, each being 4-variable combinations of covariates. As the
outcome variable (mortality) was not a rare event, the logistic odds
ratio (OR) is a poor estimate of the relative risk (RR). Log binomial
models did not converge, so the RR was estimated directly from
the logistic beta coefficients as
RRk = [1+exp(b1.(-0.5) +…+ bn.Xn)]/ [1+exp(b1.X1k +…+
bn.Xn), where X1 represents percentage delta lactate and b1 its
coefficient; X2,…,Xn are the values of other covariates that for
this calculation are fixed at their mean values; and X1k represents
a particular value of X1 (the kth) that is being compared to the
reference value of -50%. The 95 % confidence intervals are
estimated from the 2.5th and 97.5th percentiles of 10,000
simulated values of the beta coefficients at each value of X1k
between -50% and +100% (intervals of 10%). The simulation of
the beta coefficients assumed multivariate normality, taking as
parameters maximum likelihood estimates of betas as the means,
and their estimated variance-covariance matrix.

Results

The study cohort initially consisted of 76 patients requiring an
Impella® device placement. Of the 76 patients, 70% survived
to hospital discharge. There were 23 inpatient deaths, 43%
occurring within 24 hours of device implant, and 57% after 24
hours of implant. The average ages of those who survived to
hospital discharge and those who died post-device implant were
58 ± 17 and 60 ± 17 years respectively (p=0.67) (Table 1). There
was no significant difference between patients who survived to
discharge or died inpatient with respect to gender (65% males
vs 74% males, p=0.52) or STEMI as the presenting case (43%
vs 48%, p=0.76). Among those who died post-device implant,
there was a trend demonstrating a higher intubation rate (96% vs
81%, p=0.13) but this was not found to be statistically significant.
However, a significantly higher percentage patients who died postdevice implant required multiple vs single vasopressors (91% vs
55%, p=0.01). Of all the baseline co-morbidities encountered,
some did not differ between outcome groups, including HTN (70%
vs 87%, p=0.15) and DM (48% vs 35%, 0.37), but there was a
higher prevalence of HLD (61% vs 24%, p=0.02) and CKD (35%
vs 9%, p=0.03) in those who died post-device implant.
Of the 76 patients, a smaller analytic dataset of 46 patients who
had pre-device implant lactate levels available were studied.
Several patients had their devices implanted in the earlier years,
when there was no specific device implant order set nor have all
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Table 1. Baseline Characteristics and Co-morbidities
(N=46)
Total
(N=46)

Survived
(N=23)

Died
(N=23)

P

Age (Yrs)

59 ± 16.9

58 ± 16.7

60 ± 17.4

0.67

Gender, Male (%)

32 (70%)

15 (65%)

17 (74%)

0.52

STEMI Cases

21 (46%)

10 (43%)

11 (48%)

0.76

HTN (%)

36 (78%)

16 (70%)

20 (87%)

0.15

HLD (%)

18 (43%)

5 (24%)

13 (61%)

0.02

DM (%)

19 (41%)

11 (48%)

8 (35%)

0.37

CKD (%)

10 (22%)

2 (9%)

8 (35%)

0.03

COPD (%)

2 (4%)

1 (4%)

1 (4%)

1.00

Intubated (%)

39 (89%)

17 (81%)

22 (96%)

0.13

Multiple (>1)
Vasopressors (%)

32 (74%)

11 (55%)

21 (91%)

0.01

P values come from tests of hypotheses of no difference between
survivors and those who died using two-sample t or chi-squared
tests.

Table 2. Lactate and Change in Lactate Levels (N=46)
Outcome
Comparison 1

Survived (N=23)
Mean ±SD,
Range

Died (N=23)
Mean ±SD,
Range

P

Pre-implant
Lactate Level
(mmol/L)

2.16 ± 1.50
(0.8 – 6.3)

5.86 ± 5.11
(1.3 – 16)

0.01

Delta Lactate
(mmol/L)
% Delta Lactate

- 0.4 ± 1.73
(-4.9 – 3.6)
-7.4% ± 61%
(-78% - 209%)

1.9 ± 2.56
(-1.2 – 10)
62% ± 112%
(-33% - 500%)

Outcome
Comparison 2

Died within 24 hrs
of implant (N=23)

Died post 24 hrs
(N=23)

P

Pre-implant
Lactate Level
(mmol/L)

8.46 ± 6.00
(2.8 – 16)

3.86 ± 3.31
(1.3 – 12)

0.12

Delta Lactate
(mmol/L)
% Delta Lactate

1.7 ± 1.44
(-0.3 – 4.4)
32% ± 24%
(-8.9% - 58%)

2.05 ± 3.20
(-1.2 – 10)
84% ± 145%
(-33% - 500%)

0.04
0.02

0.58
0.27

Table 2: P values come from tests of the hypotheses of no difference
between survivors and those who died using two-sample t tests.

their labs scanned into the electronic medical record system. In
the subset analysis, the mean pre-procedural lactate level was
significantly higher in the population who died in hospital postimplant compared to the population who survived to discharge
(5.86 +/- 5.11 vs. 2.16 +/- 1.50, p=0.01) (Table 2). Those who
died within 24 hours of implant showed a trend towards higher
mean pre-procedural lactate levels than those who died after 24
hours of device implant (8.46 +/- 6.00 vs 3.86 +/- 3.31, p=0.12)
(Table 2).
Of the 46 patients who had pre-procedural lactate levels available,
39 patients had serial lactate levels collected to calculate the
change in lactate levels. The delta lactate level was significantly
higher in the group who died in-hospital compared to the survivors
to hospital discharge (1.90 +/- 2.56 vs -0.40 +/- 1.73, p=0.04),
as was the percentage change (delta) in lactate (62 ± 112% vs
-7.4 +/- 61%, p=0.02) (Table 2). Those who died within 24 hours
of implant had a greater positive change, on average, in delta
lactate levels than those who died after 24 hours of implant (2.05
+/- 3.20 vs 1.70 +/- 1.44, p=0.58) (Table 2), but this was not found
to be statistically significant.
The pre-device lactate and percentage delta lactate levels
(100xdelta lactate/pre-device lactate) both remained statistically
significant in a multivariate logistic regression analysis in 2 of
the 3 models (Table 4), and nearly so in model 1 where only
the percentage delta lactate remained statistically significant.
Prevalence of HLD was significantly higher in the univariate
analysis but drops off in significance once adjusting for other
variables in the multivariate study, possibly serving as a marker
for patients with higher pre-device lactate levels.
In Figure 1, results transformed to directly show relative risk (RR)
rather than the biased odds ratio (OR) estimator, confirm the
strong association between proportionate change in lactate levels
and risk of dying. Although the confidence intervals are wide, they
do not include the null, and the estimated slope of the lactate
effect is large.

Figure 1. Percentage Lactate Change and Relative Risk
of Death.

Reference value of percentage delta lactate is -50%; Shaded area is a
95% confidence band for the relative risk.

Discussion

Although only 7-10% of AMI patients present with CS, the mortality
attributable to CS in these cases can be as high as 70-80% [8].
The randomized SHOCK trial [8] showed that with emergency
revascularization, and hemodynamic support, including use of
intra-aortic balloon pump (IABP), patients with CS had a mortality
of 50% at six months. There was no difference in mortality at 30
days between the Impella® and IABP groups. The ISAR-SHOCK
Trial demonstrated that using an Impella® device resulted in
greater improvement in cardiac index compared to IABP [9]. While
the Impella® device has demonstrated improved hemodynamic
parameters compared with IABP, data on outcomes and guidance
of timing remains scarce.
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Table 3: Lactate levels as Predictors of pre-Discharge
Death in Multivariate Logistic Regression (N=46)
Multivariate variable logistic regression
OR

95%CI

P1

Model 1
Pre-device Lactate
mmol/L

1.65

0.95 – 2.86

0.08

% Delta Lactate (per 50%
change)

3.25

1.33 – 7.94

0.01

HLD (Yes=1, No=0)

5.75

0.82 – 40.28

0.08

Pre-device Lactate mmol/L

2.76

1.19 – 6.41

0.02

% Delta Lactate (per 50%
change)

3.48

1.29– 9.37

0.01

Age (per 10 years)

1.32

0.71 – 2.46

0.38

HTN (Yes=1, No=0)

9.06

0.57 – 144.32

0.12

Pre-device Lactate mmol/L

1.87

1.03 – 3.42

0.04

% Delta Lactate (per 50%
change)

3.260

1.21 – 8.74

0.02

DM (Yes=1, No=0)

0.65

0.11 – 3.69

0.62

CKD (Yes=1, No=0)

0.62

0.06 – 6.75

0.70

Model 2

Model 3

Table 3: P values come from tests of the null hypothesis that the
OR=1.0.

There have been several studies that have investigated the utility
of lactate levels as a prognostic tool in patients with CS or in
determining the severity of circulatory compromise. Admission
hyperlactatemia has been demonstrated as a predictor of inhospital mortality. A study by Valente et al. demonstrated that
admission lactate level >6.5 mmol/L was an independent
predictor of in-hospital death in patients with CS [3]. Our study
evaluates the clinical significance of pre-procedure lactate levels
and the change in lactate levels over the course of hospital
stay in patients with CS treated with percutaneous mechanical
circulatory support. With the increasing use of Impella® devices
in patients who present with AMI and hemodynamic instability,
studies have looked at the utility of various clinical markers which
may help predict outcomes in this group of patients. In our
analysis, as previously mentioned, patients who did not survive
to hospital discharge had a significantly higher pre-device lactate
level. In addition, although not statistically significant, our analysis
showed a trend towards increased 24 hour mortality after device
placement for patients with higher pre-procedural lactate levels.
In our study, when compared to a reference of a decrease
in lactate levels to half of the admission levels, others with
lesser falls or rises in lactate levels post device placement had
substantially worse outcomes, suggesting that the adverse
lactate trends resulted from further hemodynamic impairment. A
proportionate change in lactate levels even with a lower starting
level was also still predictive. Despite several studies looking at
various markers as prognostic indicators, it has been a difficult
task to come up with a single clinical marker (i.e lactate levels)
and a cut-off value to use as a guide for early intervention or
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resuscitation. Therefore, examining the marker’s trend rather than
an absolute endpoint may be a more reliable tool for early goal
directed therapy for patients with CS. Our study helps identify a
subset of patients who may need more aggressive resuscitation
(patients with a higher lactate level at admission) and may also
indicate insufficient hemodynamic resuscitation in patients who
do not show a substantial decrease in lactate level after Impella®
device placement. A study by Attana et al. showed a significantly
lower survival rate in CS patient following STEMI with 12-hour
lactate clearance < 10% [10]. A study in the Netherlands looking
at patients with post-cardiotomy CS found that an increase in
lactate of >10%, 12 hours after Impella® LP 5.0 implantation
was associated with an increase in 30-day mortality [11]. In our
analysis, based on serial lactate measurement, we concluded
that early stabilization of circulatory shock with the Impella® 2.5
device was associated with improved hospital outcome.
Results from the multicenter Impella-EUROSHOCK registry in
2013 demonstrated a reduction in lactate levels in CS patient
treated with Impella® 2.5; however their 30-day mortality remained
high at 64.2% and admission lactate level >3.8 was shown to be
an independent predictor for 30-day mortality [5]. In this study,
despite a practice pattern of reserving Impella® placement for
the sickest of patients with CS, we observed better survival when
compared to that seen in many randomized clinical trials. We also
showed that in addition to higher pre-procedural lactate levels,
serial lactate measurements were useful prognostic indicators for
hospital outcome.
Our study also demonstrated a higher prevalence of HLD in those
who died post-device implant; however, the significance dropped
going from univariate to multivariate analysis after adjusting for
other variables. This may be explained by some collinearity as
there may be a relationship between HLD and the acute phase
variables, possibly serving as a marker for patients with higher
pre-device lactate levels. HLD may indicate more advanced and
diffuse coronary disease and hence less resilience to the effects
of cardiogenic shock.

Limitations

This was a single center retrospective study with its inherent
limitations. This study involved a relatively small number of
subjects. Several patients were excluded for the smaller analytic
database looking at lactate trends as these patients had Impella
implantation during the earlier years where there was no clearly
defined order set post-implant including serial lactate labs nor
were all the lab values scanned into the electronic medical
records at that time. The exact timing of the lactate levels and
device implantation was not standardized. The closest lactate
level prior to time of Impella® device implantation and 12-24 hours
post implantation were used for the analysis. Lastly, patients
who presented with CS were not categorized or differentiated
into sub-categories delineating the various etiologies of shock
(i.e. STEMI, myocarditis, stress induced cardiomyopathy).
These variables were not accounted for and this study is not a
completely comprehensive study investigating all factors that
could potentially contribute to our outcomes. The study has a low
power; however it does not preclude providing useful information
as the effect is strong. One should perhaps acknowledge that our
tentative conclusions need to be confirmed in larger datasets.
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Conclusions

We observed higher pre-procedural lactate levels in nonsurvivors of CS post-Impella® device placement. Through serial
lactate measurements, we demonstrated favorable outcome in
patients with early stabilization or lower post-procedural lactate
levels suggestive of improved end organ perfusion. Conversely
continued rise or lack of fall in lactate levels post-device
placement was associated with worse outcomes. This data will
aid clinicians in identifying patients who will best benefit from
Impella® device placement.
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Abstract
Background

Peripartum cardiomyopathy (PPCM) is common in North-West Nigeria and many affected patients have selenium deficiency. It is not
known whether asymptomatic cardiac dysfunction related to selenium deficiency commonly starts during pregnancy in the region.
The study aimed to determine the prevalence of left ventricular (LV) systolic and diastolic dysfunction in apparently healthy pregnant
women and if there is relationship with serum selenium, in a society with high prevalence of PPCM.
Methods

This was a prospective longitudinal study carried out in 3 centres in Kano, Nigeria. 108 apparently healthy pregnant women were
consecutively recruited between the 28th and 38th weeks of gestation and re-evaluated at the 6th to 8th weeks postpartum.
Serum selenium was measured at enrolment during pregnancy. LV systolic dysfunction was defined as LV ejection fraction (LVEF)
below 50% and LV diastolic dysfunction was defined and graded according to the recommendations of the American Society of
Echocardiography.
Results

LV systolic dysfunction and diastolic dysfunction were found in 6 subjects (5.6%) and 20 subjects (18.5%) during pregnancy,
and in 9 subjects (10.2%) (p=0.340) and 14 (15.9%) (p=0.631) of them after delivery, respectively. Mean LVEF was 62.2±6.9%
and 60.6±8.2% (p=0.108) during pregnancy and after delivery respectively. Mean LV end-diastolic dimension measured during
pregnancy (48.6±4.9mm) was not significantly different to what was obtained after delivery (47.2±6.9mm) (P=0.099). Mean left atrial
size (37.0±4.8mm Vs 35.2±4.8mm; p<00.1) and mitral septal E/e’ ratio (8.4±2.8 Vs 1.3±0.5; p<0.001) were higher during pregnancy
than after delivery, respectively. Selenium deficiency (<70μg/L) was found in only 2.8% of subjects, and serum selenium did not
significantly correlate with indices for LV systolic (LVEF) or diastolic (mitral E/e’ ratio) functions both during pregnancy and after
delivery.
Conclusions

LV systolic and diastolic dysfunction and selenium deficiency were uncommon during apparently healthy pregnancy and early
puerperium, and serum selenium did not correlate with indices for LV function, in a population with high prevalence of PPCM.
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left ventricular dysfunction; pregnancy; selenium; peripartum cardiomyopathy; PEACE Registry.
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Introduction

Several hemodynamic changes such as peripheral vasodilatation
and increases in blood volume and cardiac output occur during
pregnancy, and these seem to affect cardiac structure and
function, even if the pregnancy is uneventful.[1] It has been
recently reported that by the end of uneventful pregnancies,
significant left ventricular (LV) diastolic dysfunction and impaired
myocardial relaxation were evident in 17.9% and 28.4% of
women, respectively, whereas myocardial contractility was
preserved.[2] In addition, there was full recovery of the cardiac
dysfunction at one year postpartum.[2]
Peripartum cardiomyopathy (PPCM) is a disease of multifactorial
origin that has a global spread, but with higher prevalence
among women of African ancestry.[3] Hemodynamic burden of
pregnancy and delivery had been postulated to be among the
potential mechanisms of PPCM, but factors that modify those
stresses, including caesarean delivery, did not appear to modify
the risk of developing it.[4] However, it is not known whether
asymptomatic cardiac dysfunction commonly starts during
pregnancy in societies with high PPCM prevalence.
Although it is a global disease, PPCM has important inter- and
intra-regional variations in geographical spread. Northern Nigeria
seems to be one of the regions of the world with high prevalence
of PPCM, and mortality rate and prevalence of selenium
deficiency had been found to be high among affected patients.
[5,6] To the best of our knowledge, the impact of hemodynamic
burden of pregnancy on cardiac function and its relationship
with serum selenium in a society with high burden of PPCM has
not been previously described. Thus, in this study we aimed to
determine the prevalence of LV systolic and diastolic dysfunction
in apparently healthy pregnant women, and if there is relationship
with serum selenium, in a society with high prevalence of PPCM.

Methods

Peripartum cardiomyopathy in Nigeria (PEACE) Registry is a
prospective longitudinal study that was conducted in 22 centres
spread across Nigeria. However, this sub-study was carried out
in 3 centres (Aminu Kano Teaching Hospital (AKTH), Murtala
Mohammed Specialist Hospital (MMSH) and Mohammed
Abdullahi Wase Specialist Hospital (MAWSH)) in Kano, Nigeria,
between June 2017 and February 2018.
The study protocol for PEACE Registry has already been
published.[7] We consecutively enrolled into the study apparently
healthy pregnant women attending the antenatal clinics of the
study centres after obtaining written informed consent. Subjects
were recruited between the 28th and 38th weeks of gestation.
Subjects with known medical conditions or unlikely to attend
follow up were excluded. A pretested questionnaire was used to
collect demographic, clinical and laboratory data of the subjects.
Electrocardiography (ECG), echocardiography, and assay for
serum selenium, were carried out on each subject, using standard
criteria and methods, as previously described.[7-9]
Subjects were followed-up and re-evaluated between the 6th
and 8th week after delivery. Data collected included history of
survival of childbirth, other aspects of clinical history, and physical
examination and trans-thoracic-echocardiogram findings.
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Low serum selenium was defined as <70μg/L.[7] For the purpose
of this study, LV systolic dysfunction was defined as LV ejection
fraction of less than 50%. LV diastolic function was defined and
graded using trans-mitral flow and LV myocardial tissue Doppler
imaging (TDI) velocities at the mitral (septal) annular level as
follows:[8]
Normal LV diastolic function: E:A ratio 1-2, deceleration time (DT)
160-230 milliseconds(ms) and E/e’ <8.
Grade I LVDD (impaired myocardial relaxation): E:A <1.0 and DT
>240ms.
Grade II LVDD (pseudonormalised pattern): E:A 1-1.5, DT 160230ms, e’ <7cm/s and E/e’ >15.0.
Grade III LVDD (restrictive filling): E:A >2.0, DT <160ms, e’ <7cm/s
and E/e’ >15.0.
Ethical approval for the study was obtained from the Ethical
Research Committees of all the participating centres before the
commencement of the study, and the study conformed to the
ethical guidelines of the Declaration of Helsinki on the principles
for medical research involving human subjects.[10]
Data analysis: Continuous variables were explored for the
presence of skewness. Proportions, medians with interquartile
ranges and means with standard deviations were used to
summarise subjects’ characteristics, as appropriate. Chi-square,
Fisher’s exact, Student’s t and Mann-Whitney tests were used to
compare categorical and continuous variables, as appropriate.
Relationships between serum selenium and variables of interest
were determined using Spearman’s correlation coefficient. Twosided p-value <0.05 was used as minimum level of statistical
significance. The statistical analysis was carried out using SPSS
version 23.0 software.

Results

A total of 108 apparently healthy pregnant subjects were
consecutively recruited from the 3 study sites, at a rate of about
10 subjects/week, between June and December 2017; 58 (53.7%)
from AKTH and 25 (23.2%) each from MMSH and MAWSH. They
were recruited between the 28th and 38th weeks of gestation
and reviewed again between the 6th and 8th weeks postpartum.
The subjects’ baseline characteristics are presented in Table 1,
and they were compared with the postpartum variables in Table 2
and Figure 1. All the subjects were Nigerians and 88.9% of them
were of Hausa-Fulani ethnic group. Majority of them (90.7%) had
at least 6 years of basic primary school education, while 41.7%
had tertiary level education. Regarding their occupation, 52.8%
were unemployed housewives, while 16 (14.8%) were petty
traders and 11 (10.2%) were civil servants. All the subjects were
residing within the vicinity of Kano City, Nigeria.
LV systolic dysfunction and diastolic dysfunction were found in
6 subjects (5.6%) and 20 subjects (18.5%) during pregnancy
respectively, and in 9 subjects (10.2%) (p=0.340) and 14 (15.9%)
(p=0.631) of them after delivery respectively. Mean LVEF was
62.2±6.9% and 60.6±8.2% (p=0.108) during pregnancy and
after delivery respectively. Mean LV end-diastolic dimension
was within normal limits both during pregnancy (48.6±4.9mm)
and after delivery (47.2±6.9mm) (P=0.099). Mean left atrial size
(37.0±4.8mm Vs 35.2±4.8mm; p<00.1) and mitral septal E/e’
ratio (8.4±2.8 Vs 1.3±0.5; p<0.001) were higher during pregnancy
than after delivery, respectively. Selenium deficiency (<70μg/L)
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Figure 1: Comparison of echocardiogram variables of
subjects during pregnancy and after delivery.
Legend: Illustration of echocardiogram variables for subjects
obtained during pregnancy and after delivery. The bars
representing the means and the p-values of the comparisons are
presented. LA, left atrial dimension; LVEDD, left ventricular enddiastolic dimension; LVSD, LV systolic dysfunction (LVEF <50%);
LVDD, LV diastolic dysfunction.
was found in only 2.8% of subjects, and serum selenium did
not correlate significantly with LVEF (p=0.339 during pregnancy,
p=0.648 postpartum), E:A waves ratio of mitral filling velocities
(p=0.751 during pregnancy, p=0.872 postpartum) or mitral septal
E/e’ ratio (p=0.838 during pregnancy, p=0.101 postpartum).
The ECG variables are presented in Table 2, and it shows that
there were no significant differences between the groups.
Of the 108 subjects, echocardiography could not be repeated
for twenty (18.5%) of them after their delivery for various reasons
(relocation to other cities, n=5; various other reasons including
cultural, n=15). However, they were all contacted by telephone
during the follow-up period and confirmed to be alive and healthy.

Discussion

In the present study we showed that the prevalence of LV systolic
and diastolic dysfunction and of selenium deficiency in apparently
healthy pregnant women were low. We also showed that serum
selenium was not associated with indices for LV function in the
studied population.
Previous studies had suggested that regions of northern Nigeria
and southern Niger Republic have high prevalence of PPCM,
which presents predominantly in the early puerperium, and
selenium deficiency was relevant in its aetiopathogenesis.[5,11]
Prior to this study, it was not clear whether LV dysfunction was
common during apparently healthy pregnancy and puerperium
in a society with high PPCM prevalence. We therefore enrolled
subjects into this study towards the end of pregnancy (28th 38th weeks of gestation) to screen for asymptomatic cases of LV
dysfunction, which could later on progress into PPCM.
Firstly, this study has confirmed the previously described
hemodynamic and cardiac changes that occur during uneventful
pregnancy.[1,2,12,13] Although LV systolic dysfunction was
uncommon in most subjects (5.6%) during pregnancy, the
prevalence doubled though insignificantly at eight weeks
postpartum (10.2%). The prevalence of LV diastolic dysfunction
was however higher and only changed minimally (18.9% Vs
15.9%) during pregnancy as compared with after delivery
respectively, but subjects had significantly higher mean LA
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size and LV filling pressure (mitral E/e’) during pregnancy than
at postpartum. Our study design did not allow us to predict the
outcome of these subjects with left heart dysfunction by the end
of the puerperium or subsequent pregnancies, but the subjects
were to be further evaluated and followed-up for potential future
cardiovascular outcomes by their physicians. Melchiorre et al
described a higher prevalence of LV diastolic dysfunction of
46.3% among nulliparous apparently healthy pregnant women in
London.[2] In the latter study, there was full recovery of cardiac
function at one year postpartum, in contrast to our observation of
insignificant changes in the prevalence of LV systolic and diastolic
dysfunction at 6-8 weeks postpartum; perhaps a mere reflection
of a shorter follow up period.[2] It is thus conceivable that a
longer follow-up of our cohort might show similar observations.
The reported reversal of the cardiac structural and functional
abnormalities of pregnancy could be explained by the findings
of a study in mice that suggested that the temporary cardiac
remodelling of pregnancy, associated with volume overload
and ventricular hypertrophy is accompanied by upregulation of
vascular endothelial growth factor and increased myocardial
angiogenesis, but with no increase in cardiac fibrosis.[14]
Thus our results suggest that cardiac function in apparently
healthy pregnant women in the society with high PPCM
prevalence were not significantly different from what has been
reported from elsewhere with lower PPCM prevalence.[1,2,12,13]
Secondly, we found that selenium deficiency was uncommon in
the present study and did not correlate with indices for LV systolic
and diastolic function. It is of note that the studied population
were mainly city dwellers who had some basic education and
who received antenatal care, while majority of the previously
studied PPCM subjects with selenium deficiency in the region
came from rural areas.[5]
Our findings should therefore be interpreted with caution as
it might not be applicable to the rural populace. The subjects
were consecutively recruited from the same study sites where
we recently recruited majority of the PPCM patients in PEACE
registry, which is the largest study on PPCM in Africa.[6] The mean
selenium concentration in the present study was 120.6±27.9µg/L,

Table 1: Baseline characteristics of subjects
Variables

Pregnant subjects (N=108)

Age, years

29.1±5.4

Estimated gestational age, weeks

32.0±5.0

Gravidity, median (interquartile
range)

3(1-5)

Hausa/Fulani ethnicity, N(%)

96(88.9%)

No formal education, N(%)

10(9.3%)

Unemployed, N(%)

57(52.8%)

Haemoglobin, g/dl

13.0±1.5

Selenium, µg/L

120.6±27.9

Selenium <70µg/L, N(%)

3(2.8%)

Key: N, number of subjects. Values are presented as the
mean±standard deviation or as median with the interquartile range
or as proportions.

30

|

International Cardiovascular Forum Journal 20 (2020)
DOI: 10.17987/icfj.v20i0.687

Original Article

Table 2: Comparison of clinical characteristics of subjects during pregnancy and after delivery
Variables

Pregnancy
(N=108)

Postpartum
(N=88)

P-value

Systolic BP, mmHg

118±14

119±15

0.495

Diastolic BP, mmHg

74±8

77±10

0.025*

Heart rate/min

91±13

81±10

<0.001*

Left Atrium, mm

37.0±4.8

35.2±4.8

<0.001*

LVEDD, mm

48.6±4.9

47.2±6.9

0.099

LVESD, mm

32.4±4.4

31.6±5.3

0.250

LV Ejection Fraction, %

62.2±6.9

60.6±8.2

0.108

LV Ejection Fraction <45%

1(0.9%)

3(3.4%)

0.229

IVSD, mm

7.3±2.0

7.5±2.0

0.210

LVPWD, mm

7.2±2.3

7.3±2.2

0.573

Mitral filling E/é

8.4±2.8

1.3±0.5

<0.001*

PASP, mmHg

19.4±3.7

18.1±8.0

0.650

LV Diastolic Dysfunction

20(18.5%)

14(15.9%)

0.631

PR interval, ms

146.4±19.7

151.2±20.1

0.177

QRS duration, ms

74.6±9.0

77.6±11.1

0.288

QTc interval, ms

430.4±29.8

422.6±14.8

0.321

Echocardiogram

Electrocardiogram

Key: N, number of subjects; LVEDD and LVESD, left ventricular
end-diastolic and end-systolic dimensions respectively; IVSD,
interventricular septal thickness at end-diastole; LVPWD, LV
posterior wall end-diastolic dimension; PASP, pulmonary artery
systolic pressure; *, p-value statistically significant. Values are
presented as the mean±standard deviation or as median with
the interquartile range or as proportions.

which was lower than the levels reported from south-eastern
Nigeria (169.8±40.3µg/L or 1.01±0.24µmol/L) among healthy
pregnant women where PPCM is rare.[15] The lower value was
in spite of the fact that regions in Nigeria prone to erosion such
as South-Eastern Nigeria tend to have inadequate soil selenium
concentrations which might lead to low availability of the
mineral in the locally-produced foods.[16] However, it could be
speculated that the relatively low selenium levels in Kano could
be due to the commonly known low consumption of sea foods
which tend to be richer in selenium than plant materials.[17]
The specific impact of selenium deficiency on cardiac structure
and function among apparently healthy pregnant women would
need a different strategy that is outside the scope of the PEACE
Registry at present. It is however important to point out that PPCM
is a multifactorial disease that may not be caused by any single
factor, but the interaction of several factors that could include
genetic predisposition, selenium deficiency or other nutritional
factors, deleterious effects of 16KDa form of prolactin, etc.[35,11] Even for Keshan disease caused by selenium deficiency,
more recent studies suggest that coxsackievirus B3 could be a

contributing factor, and that selenium deficiency had additional
wide-ranging effects.[18,19]

Limitations

This study has some limitations. Firstly, 18.5% of the subjects
were not re-evaluated with echocardiography after delivery,
although they were all confirmed to be alive and asymptomatic
on telephone. African researchers conducting longitudinal
studies have been bedevilled by this high default rate from
follow up for several decades. Davidson et al described this
well in 1974 as “a major hindrance to the study of disease in the
developing countries of Africa”, and is caused by many sociocultural factors that are difficult to overcome.[20] Secondly,
this is a hospital-based study involving women who were city
dwellers and receiving the full complement of orthodox medical
care. Therefore, our results may not be generalisable to subpopulations where many women do not attend antenatal care,
such as the rural areas, where majority of PPCM patients have
been reported to reside.[5]

Conclusion

In this study, we have reported that LV systolic and diastolic
dysfunction and selenium deficiency were uncommon during
apparently healthy pregnancy and early puerperium, in a
population with high prevalence of PPCM. The results also
showed that serum selenium was not associated with indices for
LV function in the studied population. These findings therefore
suggest that cardiac function in apparently healthy pregnant
women, who were city dwellers in a region with high PPCM
prevalence, was not significantly different from what has been
reported from elsewhere with lower prevalence.
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Highlights
Isolated left ventricular (LV) apical hypoplasia is a rare type of congenital heart disease. It is often asymptomatic in childhood but may
lead to complications later on in life. The proposed mechanism is inadequate LV dilatation during development of the primitive ventricle,
resulting in a spherical LV. To our knowledge, we describe for the first time a case of isolated LV apical hypoplasia in an asymptomatic
patient, diagnosed on investigation of an abnormal 12-lead resting electrocardiogram (ECG).
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LV apical hypoplasia is characterised by the presence of the
following findings: a spherical LV with rightward bulging of the
interventricular septum, deficiency of the myocardium within the
LV apex with adipose tissue infiltrating the apex, papillary muscle
originating from the anterior apex and an elongated right ventricle
(RV) wrapping around the deficient LV apex [1], [2]. 25 cases have
been reported in the literature so far. We report the first case of
an asymptomatic patient with isolated LV apical hypoplasia,
diagnosed on Cardiac Magnetic Resonance Imaging (MRI).

Case report

A 22 year old Caucasian male competitive rugby player presented
for a routine preoperative assessment prior to an orthopaedic
procedure. He denied any shortness of breath, dizzy spells,
Figure 1.
syncopal events, chest pain or palpitations and was previously
Transthoracic echocardiogram apical four-chamber view.
healthy with no significant family history. Clinical examination
Elongated
RV wrapping around spherically shaped LV. Apex is
Figure
1.
was unremarkable. However, a 12-lead resting ECG showed
formed by the RV. RA: right atrium, RV: right ventricle, LA: left
atrium, LV:
left ventricle apical four-chamber view.
echocardiogram
bifascicular block with right axis deviation and a right bundle Transthoracic
Elongated
RV
wrapping
around spherically shaped LV. Apex is formed by the RV.
brunch block pattern. A 7-day ambulatory ECG (Holter) monitor
RA: right atrium, RV: right ventricle, LA: left atrium, LV: left ventricle
and exercise stress test were normal.
management is being followed with yearly Holter monitoring
to assess for arrhythmias and cardiac MRI to assess ejection
Transthoracic echocardiography revealed an elongated RV,
fraction and size of both ventricles.
wrapping around a spherically shaped LV, with the apex formed
by the RV, Figure 1. Cardiac MRI showed a spherical LV cavity
and a prominent fat pad at the LV apex, partially infiltrating the
Discussion
thinned apical myocardium, Figure 2A, B, C. Late enhancement
Isolated LV apical hypoplasia was first described in 2004 [3].
pulse sequences post-gadolinium injection showed no specific
Most cases have been described among Caucasian populations.
high signal, Figure 2D. LV cavity volumes, myocardial mass
To date 25 cases have been reported in the literature, with
and ejection fraction were normal. A conservative approach to
a varied age range and presentation, summarised in Table 1
© 2020 Author(s). This is an Open Access article distributed under the terms of the Creative Commons Attribution CC-BY-4.0 license CC-BY-4.0 (http://creativecommons.org/
licenses/by/4.0/), which permits use, distribution and reproduction, provided the original work is properly cited. Published by Barcaray (International) Publishing.
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Conclusions

Isolated LV apical hypoplasia is a unique, presumably congenital,
cardiac anomaly that is important to recognise, with potentially
serious complications. Cardiac MRI is useful for diagnosis and
follow up.
C
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Figure 2.
(A) T2 weighted turbospin echo pulse sequence, (B) STIR (short
Figure 2.
tau inversion recovery) pulse sequence with incorporated fat
(A) T2 weighted turbospin echo pulse sequence, (B) STIR (short tau inversion recovery)
suppression,
(C) SSFP
(steady-state
free(C)precession)
cine
pulse sequence
with incorporated
fat suppression,
SSFP (steady-state
free
precession)
imaging, all in four-chamber
view.
imaging,
all incine
four-chamber
view.
Note prominent layer of fat
Note prominent layer of fat overlying, and infiltrating into the thinned LV apex (arrowhead).
(D) Lateand
enhancement
acquisitioninto
post-gadolinium
injection. LV apex (arrowhead).
overlying,
infiltrating
the thinned
There is no high signal suggest of macroscopic fibrosis.
(D) Late enhancement acquisition post-gadolinium injection.
There is no high signal suggest of macroscopic fibrosis.

Table 1: Summary of literature review
Age
Gender
Presentation

Outcome

Associations

Total
3 months to 66 years
Mean 29 years
10 male, 11 female
4 unspecified
9 atypical chest discomfort
6 murmur
3 dyspnoea
2 arrhythmias
1 prenatal imaging
1 unspecified
3 no complications
2 controlled medically
1 atrial fibrillation
1 sudden cardiac death
18 unspecified
1 patent ductus arteriosus
1 infundibular pulmonary stenosis and aortic
stenosis
1 LV diverticulum
1 right ventricular tract outflow obstruction
1 mutation of lamin A/C gene

[1-10]. It is often asymptomatic in childhood, however it may
cause pulmonary oedema, pulmonary hypertension, atrial and
ventricular tachyarrhythmias in adults.
Symptomatic patients may need treatment for heart failure,
cardiac arrhythmias and even cardiac transplantation.
Differential diagnosis of isolated LV apical hypoplasia include
arrhythmogenic cardiomyopathy which is characterised by
fibrofatty replacement of the LV myocardium, hypoplastic left
heart syndrome, LV non-compaction cardiomyopathy and
congenital LV aneurysm [10].
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Highlights
This case study investigates the heart rate (HR) and heart rate variability (HRV) in a patient with coronavirus disease 2019 (COVID-19).
We report the case of a 58-year old male who contracted COVID-19. During his disease, 24-hour Holter electrocardiography (ECG)
was performed continuously. For comparison, his 24-hour Holter ECGs from the previous 10 years were available. In this patient,
COVID-19 was associated with a decrease in HR and a paradoxical decline in HRV. An abrupt decline in HRV and a decrease in
HR may signal the onset of COVID-19 before common symptoms such as dry cough or fever appear. In addition, HRV and HR
measurements may help to evaluate the course of the disease.
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Introduction

Corona virus disease (COVID-19) has been declared a pandemic
by the WHO. The global mortality rate is about 3.4% (WHO, 2020),
and observational studies indicate that preexisting conditions
such as obesity, cardiovascular disease, diabetes, chronic
respiratory disease, hypertension, and cancer increase this rate.
To date, no clear parameters that predict disease severity have
been identified. To reduce infection rates, timely self-isolation
of infected individuals is necessary. However, because infective
virus is shed before symptoms appear, self-isolation may begin
too late. Thus, early indicators of COVID-19 are needed.
Earlier diagnosis of COVID-19 may be facilitated by heart
rate (HR) and heart rate variability (HRV) monitoring. HR and
HRV parameters could not only help to detect COVID-19 in a
timely manner but could also help to identify patients at risk for
cardiovascular/pulmonary complications. Additionally, HRV and
HR parameters may help to assess the course of the disease.
HRV measures variations in the normal-to-normal (NN) interval,
reflecting a complex interplay of feedback loops, thermogenesis,
intrinsic mechanisms of pacemaker cells, and parasympathetic
and sympathetic tone. To this day, no study has investigated
HRV and HR in COVID-19.

In this study, we monitored and analyzed the HRV and HR of a 58year old pediatric cardiologist who was infected with COVID-19.
He had a medical history of atrial fibrillation. After pulmonary vein
isolation, no cardiac dysrhythmias were detected.
During his disease, 24-hour Holter electrocardiography (ECG)
was performed continuously (Pathfinder, Spacelabs Healthcare,
Snoqualmie, WA, USA). Additionally, his 24-hour Holter ECGs
from the previous 10 years were available. The HR and HRV
parameters, including standard deviation of NN intervals (SDNN)
and total power (TP), were calculated in the standard manner
over 24-hour intervals. The HR and HRV changes are shown in
the line chart in Figure 1. As a baseline value, the mean HR and
mean SDNN were calculated from 24-hour Holter ECGs that
were recorded over the past two years (31.10.2018: HR, 73 bpm;
SDNN, 118.3 ms; 25.01.2019: HR, 74 bpm; SDNN, 103.9 ms;
30.03.2019: HR, 79.4 bpm; SDNN, 112.6 ms). Additionally, 24hour ECGs from the past 10 years (N = 29) and 24-hour Holter
ECGs recorded during COVID-19 infection were used to plot
the relationship between total spectral power (TP) (a measure of
overall autonomic activity) and HR (Figure 2).
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Figure 1.
HR and SDNN levels before and during COVID-19. The patient
contracted COVID- 19 on April 5th. On April 10 (day 1) subfebrile temperatures were noticed and limb pain and dysgeusia
appeared. On April 23 (day 13) SARS-CoV2 PCR was negative.
Throughout the course of the disease, oxygen saturation
was high (>98%). Eventually, the reported clinical symptoms
completely disappeared. Notably, the SDNN and HR plots cross
during COVID-19 infection.

Figure 2.
Relationship between TP and HR. Most of the TP and HR values
from 24-hour Holter ECGs of the patient over the past 10 years
were within the normal range for his age group (German men,
aged 50–60 years; quadrangles represent standard deviations)
(Sammito & Bockelmann, 2016). During COVID-19, his TP
dropped to very low values without an increase in the mean HR.
The rhombus marking a TP of 2500 ms2 corresponds to day
16 after infection and indicates recovery relaxation instead of
COVID-19.

Our main finding was a decrease in HR during COVID-19 (Figures
1 and 2), with a parallel decline in HRV (Figure 1). The decline
in HRV was surprising because HRV parameters typically
increase fundamentally with decreasing HRs and increasing IBIs
for mathematical and physiological reasons (M. Boyett, Wang,
& D‘Souza, 2019; M. R. Boyett, 2017; Gąsior, Sacha, Jeleń,
Zieliński, & Przybylski, 2016; Monfredi et al., 2014; Sacha, 2013).
In reviewing 1000 24-hour Holter ECGs from these publications,
we only observed this phenomenon of HRV saturation in patients
with severe anorexia nervosa and athletes. The observed
HRV and HR changes are reminiscent of HRV changes that
accompany the aging process (Figure 2) (van den Berg et al.,
2018). A possible explanation of HRV saturation is discussed
in our preprint (Baumann, 2019). On day 16, the HRV and HR
increased and approached pre- disease values, which can be
interpreted as signs of recovery as symptoms disappeared
(Figure 1).

Galaxy wearable App (https://www.samsung.com/de/apps/
samsung-health/) incorrectly interpreted the low heart rates as
relaxation instead of COVID-19.

In conclusion, further research is needed to clearly identify HRV
and HR patterns in patients with COVID-19. In particular, the role
of physical activity levels as a confounder of HRV and HR should
be investigated. Nighttime ECG recordings or standardized
5-minute ECG recordings may be less prone to confounders.
User-friendly HR watches, mobile ECG devices, or chest straps
may be practical options for use in ambulatory settings to
reveal HRV and HR patterns that signal health risks. Thus, the
development of algorithms and advances in machine learning
techniques to recognize parameters indicating severe diseases
like COVID 19 are needed. To date, similar algorithms focus on
stress regulation. In case presented in this study, a fitness tracker
(LifeTrak Zoom HRV, LifeTrak, USA) and the Samsung Health
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Highlights
Left ventricular pseudoaneurysms are a rare mechanical complication of myocardial infarction. If found acutely following infarction
(within 2 weeks, with some advocating up to 3 months), surgical repair is recommended due to their high risk of rupture. Whilst
associated with chest pain, dyspnoea and heart failure, some individuals are asymptomatic, with the diagnosis made incidentally on
routine follow-up often months to years post infarction. Less is known about the natural history of these chronic pseudoaneurysms,
with concerns around their propensity to rupture perhaps less than the mortality risk of surgical repair. We present the case of a 70
year-old asymptomatic man who was found to have a 1.6cm left ventricular pseudoaneurysm found incidentally on routine transthoracic
echocardiogram at 12-months post posterior myocardial infarction. The consensus opinion of our institution’s multi-disciplinary team
regarding further management of this patient, with reference to the current limited data on chronic pseudoaneurysms, will be discussed.
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Introduction

In the era of thrombolysis and emergent percutaneous coronary
intervention (PCI) for ST elevation myocardial infarction
(STEMI), mechanical complications such as left ventricular
pseudoaneurysm (LVP) are increasingly rare. Historically rates of
LVP rupture have been quoted as high as 44%,[1] with a mortality
rate of 48% in those whom did not receive surgical repair.
[2] Following surgical repair postoperative mortality remains
elevated at 23-35%.[2, 3]
More recent data, however, has demonstrated long-term survival
with a more conservative approach in carefully selected patients.
Moreno et al.[4] showed a cumulative survival of 89% at 1 year
and 74% at 4 years in those treated conservatively, noting an
89% probability of survival at 4 years if non-cardiac death was
excluded from analysis. A LVP has been described 15 years post
detection in a patient treated conservatively.[5]

Considering the risks associated with cardiac surgery and
this more recent data, it is possible that for some patients,
conservative management is appropriate.

Case Presentation

A 70 year-old man presented to our institution following an
episode of chest pain that he had experienced 3 days prior. The
chest pain lasted 30-hours, radiated superiorly into his neck
and was not associated with shortness of breath, diaphoresis
or nausea.
His past medical history was notable for hypertension, for which
he was prescribed telmisartan 80mg daily, amlodipine 5mg daily
and hydrochlorothiazide 12.5mg daily.
Initial clinical examination was unremarkable, as he was
normotensive (119/70 mmHg), with a heart rate of 77 beats per
minute (regular), a respiratory rate of 17 breaths per minute,
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a peripheral oxygen saturation of 97% on room air and a
temperature of 36.7oC. Both heart sounds were appreciated,
there were no cardiac murmurs or pericardial rubs, both lung
fields were clear to auscultation, jugular venous pressure was
not elevated and peripheral oedema was not present.
His ECG demonstrated non-dynamic ST depression in leads
V1-3 with prominent R waves consistent with posterior ischemia/
infarction (Figure 1).
High-sensitivity serum troponin on presentation was 8184
ng/L (< 26ng/L). The patient underwent coronary angiography
revealing 70% distal left anterior descending (LAD) stenosis, as
well as 90% stenosis of the mid obtuse marginal (OM1) branch
(culprit vessel) and 70% ostial stenosis of the OM2 branch of
the circumflex artery in a right dominant coronary system. On
ventriculography, left ventricular end diastolic pressure (LVEDP)
was noted to be elevated at 17mmHg yet left ventricular function
was reported as normal.
Medical therapy in the form of aspirin 100mg daily, clopidogrel
75mg daily, metoprolol 25mg twice daily and rosuvastatin 10mg
daily was commenced as treatment for the diagnosis of a delayed
presentation, non ST-elevation myocardial infarction (NSTEMI),
noting that if the patient had recurrence of symptoms, the OM1
and LAD lesions were amenable to stenting.
At 12 months, the patient remained asymptomatic and repeat
clinical examination was unremarkable. Routine transthoracic
echocardiogram (TTE), however, demonstrated a discrete LVP
measuring approximately 1.6cm confined to the mid posterior
wall, with normal left ventricular systolic function and no valvular
pathology was detected. Informed consent was obtained from
the patient, allowing us to generate this case report.

Discussion

The prevalence of LVP’s following myocardial infarction in a
series of 2600 consecutive patients was reported to be 0.23%.[6]
An LVP forms when left ventricular free wall rupture is contained
by adherent pericardium and fibrotic tissue.[7] Inferior myocardial
infarctions are responsible for about twice as many LVP’s as
anterior myocardial infarctions, which reflects the propensity of
LVP’s to form on the posterior, lateral, apical or inferior surface
of the left ventricle, as opposed to anteriorly.[2] Anterior free
wall rupture is more likely to lead to haemopericardium and
subsequently death. Recumbent positioning in hospitalized
patients promotes inflammation of the posterior pericardium and
the formation of adhesions necessary to contain pooled blood.[8]

Figure 2.
Transthoracic Echocardiogram (TTE) at 12 months post infarction
demonstrating the LVP. (A) Short-axis view. (B) Apical 3-chamber
view. (C) Zoomed apical 3-chamber with LVP measurements.
(D) Parasternal long-axis view. Ao = ascending aorta; LA = left
atrium; LV = left ventricle; LVP = left ventricle pseudoaneurysm;
RV = right ventricle.

Whilst myocardial infarction is the most common precipitant for
LVP formation (55%), other aetiologies include cardiac surgery
(33%), trauma (7%) and cardiac infection (5%).[2]
Whilst LVP’s may commonly present with congestive cardiac
failure (36%), chest pain (30%), or dyspnoea (25%), around 10%
are asymptomatic.[2] Approximately 60% have a murmur.[2] On
electrocardiogram, 20% have persistent ST segment elevation,
whereas 75% will have non-specific ST segment changes.[2]
A LVP can be detected on a TTE, whereby there is a sharp
demarcation between normal myocardium and the aneurysm
which does not contain myocardium, via a narrow neck that is
less than 50% of the diameter of the aneurysmal sac.[9] If not
detected acutely, many pseudoaneurysms are found incidentally
upon investigation much later; in one case series, aneurysms
were detected a median of 7 months (range 1-11months) post
myocardial infarction.[3]
In identifying those likely to benefit from a conservative approach,
the distinction between an acute and chronic LVP has been
made. It is recommended that acute LVP’s, defined as those
developing within 2 weeks of infarct, be managed with urgent
surgical intervention.[10] Some advocate extending the window
for emergency surgery to LVP’s detected up to 3 months post
infarct.[3]
For an LVP diagnosed beyond 3 months following infarct opinions
vary, however it has been proposed that if the LVP is <3cm in
diameter, isn’t rapidly growing on serial imaging and the patient is
asymptomatic with an absence of significant valvular or coronary
disease requiring operative intervention, that a conservative
approach with regular cardiology follow-up is reasonable.[10]

Conclusion
Figure 1.
Presentation ECG consistent with posterior ischaemia/infarction.

For this patient, the consensus opinion from our institution’s
combined cardiology and cardiothoracic surgery multi-disciplinary
meeting was in accordance with the current (albeit limited)
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literature on the management of chronic pseudoaneurysms
that suggests taking a conservative approach initially with serial
echocardiograms and follow-up consultations with a cardiologist
every 6 months to monitor for the development of symptoms
or pseudoaneurysm growth on serial imaging, with surgical
intervention then reconsidered if either of these were to develop.
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