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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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Highlights
Insufficien statistical information on the structure of mortality in the era of the pandemic is disclosed in this article. It analyzes the
statistics and the causes of death during the COVID-19 pandemic from a new coronavirus infection and cardiovascular disease.
Actual international data on a decrease in the hospitalization rate of patients with acute coronary syndrome are presented. A
comparative analysis of statistics from European countries and Russia shows that cardiovascular diseases are the leading cause of
death in populations, and patients with cardiovascular diseases are at increased risk for morbidity and mortality during the COVID
pandemic.
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Introduction

The pandemic of fear that swept the world in the midst of the
spread of a new coronavirus infection, actively fueled by the
media, has led to major changes in society, the transformation
of previously accepted attitudes to behavior, communication,
analysis of available information. It also touched on the issues
of obtaining medical care, in the wider and more accessible
volume that was possible before the COVID-19 pandemic. All
together, this has led to the fact that the adoption of the term
“psychopharmacology” and the rational use of psychotropic
drugs and antidepressants in patients during a pandemic has
become an urgent issue on the agenda today [1]. The panic
of the population led to the fact that all antiviral and antiinflammatory drugs were sold out in pharmacies, and the price
of medical masks and gloves increased at times.
The largest pharmaceutical companies have the opportunity to
increase their income by selling drugs on the medical market
significantly higher than the cost of their production [2]. Drugs
that were previously used in the treatment of AIDS, Ebola
hemorrhagic fever, malaria (lopinavir / ritonavir, remdesivir,
chloroquine / hydroxychloroquine) began to be used actively

off-label, although they did not have proven effectiveness in the
treatment of COVID-19 [3-5]. At the same time, many of them
had serious side effects and drug interactions that made the
medical community question their appropriateness [6].
It became known that a new coronavirus infection has a more
severe course in people over 65 suffering from concomitant
diseases, especially in polymorbid patients. Such patients
were more often hospitalized in the intensive care unit (ICU).
Of those hospitalized in ICUs, the proportion of which from all
infected was up to 20.3%, severe acute respiratory distress
syndrome developed in 32.8% [7]. The mortality rate among
patients hospitalized in this category of patients is quite high
[7], due to the fact that the main critical complications are
acute respiratory failure, pulmonary embolism and DIC [8,9]. It
is worth noting that patients with concomitant cardiovascular
diseases, including those suffering from arterial hypertension,
are at increased risk of developing severe complications when
infected with COVID-19 [10].
Evidence has been obtained that a viral infection provokes
active diffuse inflammation of the vascular endothelium, which
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leads to a violation of the microcirculation of the vascular
bed, the risk of thrombosis and requires additional supportive
therapy [11]. On the one hand, we need to understand that
the data of epidemiology and statistics are rapidly changing
and updated, they need to be correctly interpreted, and the
“sample” indicated in the studies should be correctly evaluated.
In this case, it is necessary to compare morbidity and mortality
with other categories of diseases and compare them according
to the age ranges of sick / dead (which the media around the
world categorically did not do, escalating the pandemic of fear
regarding COVID-19).
On the other hand, one must understand the serious role of
cardiovascular diseases and their contribution to the overall
mortality rate: more than 4 million deaths occur in Europe
annually, in other words, on average 11 thousand Europeans
die every day from CVD (1 death every 8 seconds) [12]. In this
regard, if we turn to statistics using available Internet resources,
we can estimate and compare morbidity and mortality in
European countries from COVID-19 [13,14] (Table 1).
Of great interest to the medical community will be the
widespread publication in the future of statistical data from
around the world on mortality rates from diffe ent groups of
diseases in comparison with COVID-19 during this pandemic.
Particular attention in this matter will be given to countries
such as Sweden and Belarus, which have refused quarantine
measures and a strict regime of self-isolation for their citizens.
If the current data from these countries on the number of
COVID-19 infected are relatively comparable (Sweden, n =
71419 ; Belarus, n = 68125); then the mortality data from this
disease are very diffe ent (Sweden, n = 5420, 7.6%; Belarus,
n = 423, 0.7%). If we compare these indicators at this date
with countries such as Russia and the USA, the data will be
completely diffe ent: Russia (the number of infected n = 681251,
the number of deaths n = 10161, 1.5%); USA (number of infected
n = 2936904, number of deaths n = 132335, 4.5%) [13,14]. Of
course, this may be due to the peculiarities of accounting for
cases of diseases and coding of causes of death on the basis
of the ICD-10 classifier for both these and other countries of the
world to which similar questions arose.
The widespread problem of patient polymorbidity does not allow
one code in some cases to reflect all competing diseases in a
patient on the one hand, and on the other hand, it is probably
necessary to understand the diffe ences between the concepts
of infected and diseased.
A higher count of infected people is unambiguously observed in
countries where testing of the population with PCR for SARSCOV-2 was more actively and widely conducted. Data on a
certain percentage of false-negative and false-positive results
of these analyzes led to the fact that in a number of countries
the diagnosis was made only by the picture characteristic of
COVID-19 pneumonia during chest computed tomography,
without confirmation by the PCR method
It became known that the Russian Ministry of Health will
send proposals to WHO on improving the application of
the International Methodological Recommendations for the
refinement and coding of COVID-19 as a cause of death. The
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Table 1. 10 European countries leading in the percentage
mortality rate from all officially registered cases of infected
people (as on 03.07.2020).
Country

Death percent

Deaths

Infected

1

France

15,8%

29893

189220

2

Belgium

15,8%

9771

61838

3

Italy

14,4%

34854

241419

4

UK

14,1%

44198

313483

5

Hungary

14,1%

589

4183

6

Netherlands

12,1%

6113

50335

7

Spain

9,5%

28385

297625

8

Sweden

7,6%

5420

71419

9

Ireland

6,8%

1741

25509

10

Slovenia

6,5%

111

1700

ministry claims that the postmortem examination of the bodies
of 98% of the dead from COVID-19 in Russia allows to assess
the true impact of the new coronavirus infection on mortality [15].
A similar situation is in Germany, as some recent publications
confirm [16,17]. A postmortem examination of those who died
from SARS with confirmed SARS-CoV-2 infection can provide
important information about the course of this new disease,
and is necessary for the correct statistical registration of deaths
from COVID-19. In the northern federal district of Hamburg, all
deaths with PCR-confirmed SARS-CoV-2 infection before or
after death have been autopsy since the pandemic in Germany
[17].
The Ministry of Health of Russia approved the Guidelines for
coding and selection of the main condition in the statistics
of morbidity and the initial cause in the statistics of mortality
associated with COVID-19. The document clearly reflect
recommendations for the preparation of primary medical
documentation for patients with coronavirus infection, for
reporting cases associated with COVID-19 in morbidity and
mortality statistics, as well as examples in which it is proposed
that coronavirus infection be considered the initial cause of
death [18]. The recommendations are based on the principles
established by the International Classification of Diseases of
the World Health Organization (ICD-10), taking into account
the International Guidelines for the identification and coding of
COVID-19 as the cause of death. The proposed approaches to
coding and selection of the ground state in morbidity statistics
and the initial cause in mortality statistics are based on an
in-depth study of the course of a new coronavirus infection
and its effect on the body. This will allow you to get the most
relevant, objective and detailed statistics on this disease and
more widely assess the impact of infection on humans and the
course of the disease.
SaRS-COV-2 has a tendency to affect patients with chronic
diseases and especially older people (which increases mortality
in this category of patients). The concentration of these patients
in some hospitals, which were reprofiled and whose staff, as a
rule, were not previously experienced in treating patients with
severe pneumonia, respiratory distress syndrome, and similar
conditions, significantly “worsened” the mortality statistics. An
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increase of mortality from severe cases and complications of
COVID-19 is observed in older age groups, which is confirme
by data published by Italian researchers. Thus, when comparing
mortality rates for three countries, the following results were
obtained: South Korea - 1.4% for the age range of 60-69 years,
5.3% for 70-79 years, 9.3% for people over 80; China - 3.6%
for the age range of 60-69 years, 8.0% for 70-79 years old,
14.8% for people over 80 years old; Italy - 3.5% for the age
range of 60-69 years, 12.5% for 70-79 years, 20.2% for people
over 80 [19].
But it can be assumed that mortality from this pathology is
overestimated - the presence of PCR should not determine the
causality of mortality of these patients - when there are other
diseases that are the rationale for fatal outcome. Economically
advantageous tariffs for providing COVID care to patients and
pathological studies could theoretically cause data bias when
taking into account cases of morbidity and mortality. But
it is worth noting that, population mortality from COVID-19
corresponds to population mortality according to the age
of over 65 years. A case in point is the analysis of morbidity
and mortality data in a closed collective such as the Diamond
Princess cruise ship. On February 26, cases of infection
based on a positive PCR test were confirmed in 705 of 4,061
passengers [20]. Over the entire period of quarantine on the
ship, only 7 people died - 3 at the age of 70–79 years and 4 at
the age of 80–89 years. 17.4% of passengers were infected with
the virus; mortality from the total number of ship passengers
and infected was respectively 0.17% and 0.9% [21].
In addition, it is worth noting that according to some data, the
death rate from influenza during the period of exceeding the
epidemic threshold exceeds the death rate from COVID-19
[22]. Regarding the problem of increasing mortality from
cardiovascular diseases during a pandemic, can assume
its growth worldwide. During the peak of the epidemic of
coronavirus infection in Moscow hospitals, the number of
patients with acute coronary syndrome sharply decreased
- in April 2020 compared to April 2019 by 43%. This was
announced on May 26, 2020 by the director of the Scientifi
and Research Center of Cardiology, the chief cardiologist of
the Ministry of Health Sergey Boytsov in the framework of the
“Orgzdrav 2020” congress [23]. The number of hospitalizations
of patients with non-STEMI has decreased over this period in
Moscow by 46%, in the Moscow region by 60%, in the Bryansk
region by 86%. There is also information about a sharp increase
in the time before sending an emergency call due to a sharp
increase in workload and a lack of medical teams. It is worth
noting the likely contribution to the formation of this trend that
patients refuse hospitalization (due to fear of COVID-19) and the
reprofiling of medical facilities. Academician of the RAS Sergey
Boytsov noted that the mortality rate in all federal districts
greatly exceeded the targets of the national project for 2020.
Probably these sad statistics on the increase in total mortality
during the pandemic (primarily due to cardiovascular mortality)
were the reason for the sudden and unexpected cancellation
of quarantine measures by the Moscow government - while
the number of registered cases of newly infected in the city
remained the same level (about 8 thousand).
A similar situation with the provision of medical care to patients
with cardiovascular diseases is observed in other countries, in
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particular in Europe. Representatives of the Italian Society of
Cardiology conducted a multicenter observational nationwide
study to collect data on admission of patients with acute
myocardial infarction (AMI) to Italian clinics for 1 week during
the outbreak of COVID-19 compared to the same week in 2019
[24]. There was a decrease in the number of hospitalizations
for AMI by 48.4% compared with the same week in 2019 (p
<0.001). The decrease was significant for STEMI (26.5%, 95%
confidence interval 21.7-32.3; p = 0.009) and for non-STEMI
(65.1%, 95% confidence interval 60.3-70.3; p <0.001). Mortality
from STEMI during the pandemic was significantly higher
compared to 2019 (risk ratio (RR) = 3.3, 95% confidence interval
1.7–6.6; p <0.001). An increase in the number of complications
of the disease was recorded (RR = 1.8, 95% confidence interval
1.1–2.8; p = 0.009). At the conclusion of their study, the authors
noted that hospitalization of patients with AMI was significantl
reduced during the COVID-19 pandemic in all regions of
Italy, with a parallel increase in the number of deaths and
complications. This is a serious social problem that requires
close attention from the scientific and medical community and
state regulatory institutions [24].
This trend is confirmed by the data of an online survey conducted
by the European Society of Cardiology among members of
the society regarding the analysis of the hospitalization of
patients with STEMI during the COVID-19 pandemic. The
survey involved 3101 respondents from 141 countries on six
continents (58% of the respondents were from Europe (n =
1800); 23.7% from Asia (n = 734)). The survey showed that
one of the main consequences of the pandemic was a sharp
reduction in hospitalization of patients with ACS, and this
phenomenon has affected many hospitals around the world.
78.8% of respondents confirmed the fact that the number of
patients with STEMI entering their hospitals decreased by an
average of 50%. Many medical professionals also noted that
patients with STEMI who were hospitalized in hospitals had a
significant delay in hospitalization, and 62.3% of respondents
said that patients with STEMI were hospitalized later than the
prescribed time before PCI / thrombolysis. The percentage
of patients who arrived later than usual averaged 48%. Up
to 68% of respondents said that the cardiology department
was “partially” or “completely” reorganized to accommodate
infected patients [25].
Probably one of the reasons for this was the fact that for several
months people with chronic diseases were forced to observe
safety measures and were at home in a “self-isolation regime”.
This inevitably led to a limitation of social contacts (which led
to the formation of feelings of loneliness, depression), which
was aggravated by the constant flow of frightening information
from the media (which contributed to the formation of anxiety
disorder). Changes in the system of medical care resulted in
the inability to plan a scheduled visit to a doctor and in-person
medical consultations. The lack of physical activity for several
months inevitably should lead to an increase in body weight.
Overweight / obesity not only increases the risk of developing
cardiovascular diseases and their complications [26], but is
also considered a risk factor for pneumonia, its severity [27]
and, according to recent data, is a factor predisposing to
COVID-19 [28].
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Ashraf S. et al. confirmed these judgments and identifie
additional reasons for this in their publication [29 ]. It is
suggested that some patients remain at home and try to treat
their symptoms on their own until the restrictions on selfisolation are removed. The fact that staying at home and social
distance leads to a low level of physical activity, in which the
typical symptoms of angina pectoris does not develop, is
considered. The authors also express the idea that patients
do not go to the hospital at all even when they experience
chest pain due to fear of being infected with a new coronavirus
infection during their stay in the hospital. In addition, it is worth
noting the important impact of COVID-19 on the economy and
the formation of financial difficultie for many segments of the
population (including those related to a decrease in wages or
even job loss), which created another barrier to seeking medical
help. There is also some degree of misinformation and lack of
consensus at the national and international levels throughout
the world. At the same time, the media in covering public health
problems completely shifted their focus to COVID-19 and did
not reflect the true statistics of mortality from other diseases,
completely ignoring and not mentioning the problem of the
pandemic of cardiovascular diseases. In this regard, I would like
to give true statistics comparing the indicators of total mortality,
mortality from cardiovascular diseases and COVID-19 between
two countries: Russia and Italy, based on officia statistical
information [30,31] (Table 2).

Conclusion

The findings suggest a pandemic of cardiovascular disease,
which has never receded. But her new wave came during
the COVID-19 pandemic. All those additional factors (lack of
physical activity, isolation, weight gain, stress, depression,
restrictions on the availability of medical care, a decrease

Table 2. Comparative analysis of indicators of total mortality, mortality from cardiovascular diseases and from
COVID-19 in Italy and Russia.

Reviews |

5

in population income, etc.), the active influence of which
became possible during the period of quarantine measures
and self-isolation regime, certainly led to an increase total and
cardiovascular mortality worldwide. All this should compel the
international medical community and state governments to
urgently develop measures to address these issues.
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Abstract
An attempt to review links of cardiovascular disease (CVD) and depression and present appropriate treatment methods for handling
depression in the COVID-19 pandemic is made. Although depression constitutes one of the major mental health challenges that
humankind must encounter in the 21st century it remains undiagnosed and untreated in CVD patients. Its great influence on the
progress of CVD led to its classification as a risk factor along with dyslipidemia, arterial hypertension, diabetes, obesity, substance
use, sedentary lifestyle (poor diet, stress) making imperative the need for treatment methods. As during COVID 19 pandemic we
witnessed the elevation of mental distress as involving both lifestyle choices and dealing with unprecedented life situations while
inducing psychological distress or exacerbating pre-existing physical and mental health problems – depression could act both as
a contributor to and as the result of CVD. A 4-step intervention program is suggested.
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Introduction

According to the World Health Organization, more than 264
million people of all age-groups worldwide are estimated to
suffer from depression. Within a 10-year period (2015 vs 2005),
the ratio of people suffering from depression has increased
by more than 18%. Women regardless of nation, culture and
ethnicity face a greater chance of experiencing depression
[1]. Several studies have established the positive relationship
between depression and cardiovascular disease (eg. coronary
artery disease (CAD), peripheral artery disease (PAD), myocardial
infarction (MI). According to Correll et al., (2017)[2] depression
is associated with increased CVD morbidity, and its prevalence
ratio highly depends on CVD type. Based on Thombs et al.,
(2006) study [3], patients with MI present a 3-time higher risk to
develop depression in comparison to the general population. In
another study conducted by Tully & Baker (2012), almost 1 out
of 3 patients who had undergone a coronary artery bypass graft
surgery developed depression [4].
There seems to be a bidirectional relationship between depression
and CVD: Depression also constitutes a high-risk factor for
individuals to develop CVD in the future. Depression may either
lead to cardiovascular issues (aetiology) or may be responsible
for poor prognosis considering CVD treatment [5]. Yet it remains
undiagnosed and untreated [2]. Although, there seems to be a
world wide consensus on the relationship of depression and CVD

[6], there are scarce results for the actual rates of screening for
depression.
Clinicians worldwide still do not screen for depression in the
initial assessment of CVD. One reason could be that there is no
consensuses which of the available screening tools should be
used while the issue of the optimal screening tools cut-off is still
open [7]. Another reason reported is that there is no evidence
that routine screening actually improves the patient outcome [5]
[8]. It seems that screening to be beneficial has to be followed
by a management protocol or system of care (e.g., a care
management program) for the treatment of depression. Patient
outcome (reduced cardiac symptoms, reduced cardiac events
along with improved adherence, and improved blood pressure
and lipids) has improved only when an intervention protocol has
been followed [9] [10] [11].
An association between COVID-19 and cardiovascular disease
is reported [12]. Pre-existing cardiovascular disease seems to
be linked with worse outcomes and increased risk of death
in patients with COVID-19 , whereas COVID-19 itself can also
induce myocardial injury, arrhythmia, acute coronary syndrome
and venous thromboembolism. Potential drug–disease
interactions affecting patients with COVID-19 and comorbid
cardiovascular diseases are also becoming a serious concern.
An important factor in the co-existence of COVID-19 and CVD
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is that they both threaten mostly the same age group: although
40-65 years of age is the group reported to be infected by
WHO more often, mortality rates are escalating with age, 60
-87 remaining the group with the highest mortality risk. CVD
risk for heart disease also increases with age. The prevalence
of CVD, increases from about 40% in men and women 40-59
years of age to 70-75% in persons 60-79 years of age, and to
79 -86% among those aged 80 years or older. Mortality rates
from CVD, including coronary heart disease, heart failure, and
stroke are nearly 2-fold higher in the 75-84 year age group
compared to the 65-74 year age group [13] [14]. In patients aged
>65 years, depression remains the most common psychiatric
disorder [15] . The presentation of depression differs in older
adults compared to younger ones. Older adults with CVD and
depression are less likely to present affective symptoms and are
more likely to display cognitive changes, somatic symptoms,
loss of interest along with dysfunctional defence mechanisms
regarding health problems (e.g. refusal to accept actual state
of health) and failure to conform to doctor’s instructions than
are younger adults [16]. The main concern with COVID-19 lies
in this area: It is currently unknown whether older people are
more (or less) likely than younger ones to initiate changes in their
way of living so to be proactive [17]. Intervening and motivating
older people in hygiene adherence and self-care could relate to
preventing self-neglect . The impact of self-neglect on health
outcomes include mortality, hospitalizations, emergency room
visits, functional decline, and becoming victims of other forms
of elder abuse such as financial exploitation, caregiver neglect,
and physical abuse [18] [19 ]. For the time being, this might
mean motivating older people to indulge in the only effectiv
response to COVID-19, social distancing. Social distancing that
leads to social isolation in seniors has been linked to increased
depression and suicide as well as to increased proinflammator
and decreased anti-viral immune responses [20]. Quarantine
measures, in the general population, have raised a number of
issues for mental health. In a study in Australia, the COVID-19
impact and quarantine measures include an array of mental
health concerns that may aggravate or trigger existing distress
[21]. Rates of elevated psychological distress were higher than
expected, with 62%, 50%, and 64% of respondents reporting
elevated depression, anxiety and stress levels respectively,
and one in four reporting elevated health anxiety. Participants
with self-reported history of a mental health diagnosis had
significantly higher distress, health anxiety, and COVID-19
fears than those without a prior mental health diagnosis. Higher
engagement in hygiene behaviours was associated with higher
stress and anxiety levels.
As the COVID-19 crisis developed, the psychological impact of
COVID-19 related quarantine has been reported to include posttraumatic stress disorder, confusion and frustration [22]. Mental
distress, grief and bereavement, deliberate or unintentional harm
to family, loss/separation from family, self-injury, shame, guilt,
helplessness, addiction or substance use, medical mistrust and
inclination towards conspiracies, panic attacks, stress, anxiety,
depression, loneliness, suicidal ideation, mood problems, sleep
problems, worry, denial, boredom, ambivalence, uncertainty,
frustration, anger, fear, stigmatization, marginalization, xenophobia,
mass hysteria, socio-economic status, and other mental health
concerns have also been reported worldwide [23-28].
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Data Collection

We searched PsychInfo, Google Scholar and PUBMED (after
2000 and before August 2020) in the English language using
keywords: depression and cardiovascular disease, COVID-19 ,
counselling, intervention, mortality, survival or prognosis, old
age, older patients, elderly, depressive symptoms, dysthymia, or
mood. This article summarizes contemporary studies relevant
to depression and CVD and situates the Covid 19 pandemia
as an essential concept for the community of researchers,
investigators, and practitioners. This article is not a systematic
review, given the expansive nature of the topics of depression
and CVD, nor is it a guideline for clinical practice. Rather, this
article is a summary of the contemporary science of CVD and
depression with the purpose of enhancing the knowledge and
awareness of healthcare professionals.

Mechanisms explaining depression link to
cardiovascular disease

Throughout the years, various theories based on behavioral
and lifestyle or biological patterns, have been developed
aiming to shed light on the connection between depression
and cardiovascular issues. A short description of the major
mechanisms identified follows

1. Lifestyle and other behavioral elements

Various studies have shown that specific lifestyle and behavioral
characteristics of depressed individuals increase the likelihood of
CVD. Smoking [29], alcohol consumption [30], absence of any
physical and exercise activity [31], unhealthy eating habits, which
in many cases lead to obesity [32] and social isolation, and loss
(eg. death of a significant other) are factors also responsible for
CVD.

2. Biological factors

a. Autonomic dysregulation. Depression and CVD are associated
with problems in autonomic functioning (increased activation
of the sympathetic nervous system, which may also lead to
increased metabolic abnormalities, and relative less activation of
the parasympathetic one), which result in tachycardia, reduced
heart rate, and hypertension [33] .
b. The function of the immune system [34] , and the function of
the hypothalamic-pituitary axis and the secretion of cytokines,
interleukin IL-1 and IL-6. Depression can lead to changes in
the central nervous system (CNS) that cause the secretion of
neurohormones and activation of the hypothalamic-pituitary
axis, resulting in destabilisation of the sympathovagal balance.
Suppression of the immune system with the increase in secretion
of proinflammatory cytokines can lead to the gradual development
of coronary artery disease (CAD), plaque activation, and an
acute episode. Hyperactivation of HPA axis and subsequently
increased levels of cortisol is well proven in depression [35] , High
cortisol levels may be linked to CVD and other chronic conditions,
since cortisol is responsible for hypertension, atherosclerosis,
prothrombotic incidents and diabetes mellitus [36].
c. Τhe presence of the S allele of the serotonin transporter
(5-HTTLPR) [37]. Cardiac dysfunction is caused by a change in
the blood concentration of serotonin. The absence of peripheral
serotonin synthesis (i.e.absence of serotonin mainly in platelets)
is associated with heart failure. Elevated serotonin levels are
associated with arrhythmias, possible heart block, and valvular
fib osis [38].
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d. Metabolic syndrome. This term entails various factors of
high risk to cause CVD and diabetes like abdominal obesity,
increased blood glucose (hyperglycemia), higher level of blood
pressure, increased triglycerides, and decreased high-density
lipoprotein cholesterol (HDL) [39]. Other studies have presented
an association of metabolic dysregulation and depression and its
increased contribution to chronic depression [40] .
e. Insulin resistance syndrome. According to Reaven (2003),
individuals suffering from insulin-resistance/hyperinsulinemia are
more likely to be (i) intolerant to glucose, (ii) hypertensive, and
have a high plasma triglyceride and low high-density lipoprotein
cholesterol concentration. These changes are related to
increased risk of cardiovascular disease [41]. On the other hand,
depressive symptoms, according to a study conducted in China
[42] were also found to be positively related to insulin resistance.
f. Inflammation. According to Khandaker et al., (2019 ), the
following three conventional cardiovascular inflammation- elated
risk factors (i) triglycerides (TG), (ii) C-reactive protein (CRP) and
(iii) interleukin-6 (IL-6) are likely to be causally linked to depression
[43]. These results support the theory that inflammation related
to the immune system may be a common mechanism between
depression and heart disease.
g. Arterial wall function. Increased levels of serotonin have been
proven to act as a predictor of coronary artery disease and other
cardiac incidents. Since it has a special binding receptor site
on the surface of the platelets, serotonin influences greatly the
biology of the platelet and its aggregation and therefore is also
linked to depressive symptoms, alongside its cardiac effects.
Increased platelet aggregation in patients with depression is
also related to endothelial dysfunction, which has also proven
to cause CVD [44 -47]. It should be noted that only platelet
function and heart rate variability improve under antidepressant
therapy (selective serotonin reuptake inhibitors) [62]. In addition,
taking drugs which can worsen depression: e.g. beta-blockers,
methyldopa, calcium channel blockers, corticosteroids. It is
important to note that 40% of those aged >65 years take an
average of 5 drugs per week, while 12% take 10 drugs per week,
a fact that requires careful prescribing.
Sociodemographic elements like age, gender, financial
status, and health conditions seem to play a crucial role in
the development of depression, as well as in the presence of
cardiovascular disease. Various studies by examining individuals
of similar sociodemographic elements (sex, age, education level,
finance) have shown that depressed individuals exhibited higher
risk to present CVD compared to the non-depressed individuals;
although the given risk linked to depression was reduced by
20%, it still remained at a high level. Prognosis improves when
depression improves [6]. Potential biological and behavioural
mechanisms for this risk have been identified, but no single
factor has been shown to account for more than a fraction of the
total risk. Further research on the biobehavioural mechanisms
linking depression with CVD is needed.

3. Other mechanisms

Other factors and events in the life of an individual may also
lead to depression and cardiovascular deterioration. History
of childhood maltreatment, referring to emotional, physical, or
sexual abuse, neglect, and household dysfunction, has proven
to be highly related to the onset at a later stage of depression
[63]. Maltreatment in childhood has also been proven to act as
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a highly risk factor for cardiovascular problems [64]. Although,
childhood maltreatment may trigger both conditions, this does
not prove causality between depression and CVD. Additionally,
personality traits such as neuroticism, negative emotionality, and
type- D personality have been related to cardiovascular issues as
well as depression [47] [65-67].
The prevalence of mental health problems with heart disease is
threefold higher than the general population and there is about
80% increase in the risk of developing new or exacerbation of
pre-existing CVD (complications or hospitalization) during a
perceived or actual threatening or stressful situation such as the
advent of COVID-19 [23-28] [67] . The prevalence of depression
and anxiety is seen more commonly among individuals with
angina, at risk of developing myocardial infarction, stroke, and
atrial fibrillation. The increase in anxiety and depression. General
anxiety, psychological distress, anger, negative emotions, fear,
worry, grief, severe emotional stress [20] can increase the risk
of developing CVD and CVD can increase the risk of developing
mental health problems [12-17].

Treatment Methods of Depression in Individuals
suffering also from CVD

A wide range of treatment methods concerning depression in
patients with cardiovascular disease is available. Medication,
referring mainly to antidepressants, can be combined with other
forms of non-pharmacological treatment aiming to increase
treatment’s effica . However, depression in many cases of
patients with CVD remains unrecognized, mainly due to the
common symptomatology that a patient can present once being
hospitalized like sleep disturbance, loss of appetite, and fatigue
[47] . The existence of a multi-disciplinary team (cardiologist,
neurologist/psychiatrist, nurse, counselor) is important for
appropriate treatment to be designed and followed.

1. Antidepressants: Mainly Selective serotonin
reuptake inhibitors (SSRIs)

Medication refers mainly to antidepressants like SSRIs, or SNRIs
(serotonin-norepinephrine reuptake inhibitors). Several studies
have been conducted, aiming to prove the efficac of SRRIs
antidepressants such as escitalopram (Lexapro), fluoxetine
(Prozac, Sarafem), paroxetine (Paxil, Pexeva, Brisdelle) and
sertraline (Zoloft). The efficac of sertraline and escitalopram
versus placebo, has been tested in a large number of patients
suffering from depression and after having experienced an
Acute Coronary Syndrome (ACS). Based on the Sertraline
Antidepressant Heart-Attack Randomized Trial (SADHART) [68]
testing sertraline, and on another trial conducted by Kim et.al,
(2018) testing escitalopram, both SRRIs have proven to be
effective in reducing symptoms of depression in patients with
CVD [69].
Sertraline had a positive effect in the reduction of depression
without increasing the risk of negative cardio effects, while
escitalopram led to the reduction of major adverse cardiac
events within 6 months after the ACS [60]. Other studies testing
the efficac of paroxetine and fluoxetine versus placebo and
versus nortriptyline, which belongs to the drug-class of Tricyclic
antidepressant (TCA) shared similar results [70]. Paroxetine and
Fluoxetine led to the reduction of depressive symptoms, without
having the negative effects on cardiac side like in the case of

10

|

Reviews

nortriptyline, where ventricular arrhythmias have been presented
[47]. Tricyclic antidepressants and monoamine-oxidase inhibitors
are usually not used for treatment, since these are proven to
be unsafe in cases of cardiovascular problems; for instance
monoamine-oxidase inhibitors may interact negatively with other
drugs used in specific cardiovascular therapies, increasing the
risk of hypertension [48].

2. Cognitive Behavior Therapy (CBT), Problem Solving
Therapy (PST) & Interpersonal Therapy (IPT)

According to Wang et.al., (2010), the American Psychological
Association has classified Cognitive Behaviour, Problem Solving
and Interpersonal Therapies in the list of modalities having “strong
research support” proving their efficac towards depression,
which is defined as at least two well-designed clinical trials
implemented by independent organizations/investigators [49 ].
Based on a study conducted by Freedland et al., (2015), patients
with cardiac problems and depression after being exposed to
CBT, while taking antidepressant at baseline live, managed
to reduce depressive symptoms as reported by the Beck
Depression Inventory after a period of 6 months. Another study
also implemented by Freedland et al., (2009) proved the efficac
of CBT in reducing depression severity in patients, who had
undergone a coronary artery bypass surgery, regardless whether
they were or not on antidepressants medication. Problem Solving
therapy, seems to have also prominent results. This form of therapy
helps CVD patients to acknowledge everyday problems that
lead to depression and to develop the appropriate skills to cope
against those. Based on the Coronary Psychosocial Evaluation
Study (COPES), patients diagnosed with depression in the last
3 months, after their hospitalization for ACS, were randomly
assigned to PST and/or pharmacologic treatment groups.
Patients assigned to the PST group, after a period of 6 months,
presented increased satisfaction ratings, reduced depressive
symptoms and equally important lower rates of adverse cardiac
outcomes [50] . Interpersonal therapy (IPT) focuses on revealing
the connections between individuals’ interactions and mental
health and acknowledging how current relationships and social
framework lead to and maintain depressive symptoms. Despite
its efficac in treating depression, positive results have not
been proven in the cases of depressed patients with CVD. The
Canadian Cardiac Randomized Evaluation of Antidepressant
and Psychotherapy Efficac trial, during which the efficac of
IPT, citalopram, the combination of the two, and usual care have
been tested, has shown that IPT had no added value over usual
clinical care, while the citalopram presented better results in
reducing depression [60].

3. Mindfulness Based Cognitive Therapy (MBCT)

MBCT is a group-based therapy focusing to prevent relapses of
currently depressed patients, or on patients who are in remission.
This therapy entails elements of CBT and it is enriched with
mindfulness-based stress reduction techniques. MBCT evolves
during an 8-session program and its aim is to enable patients to
adapt to a new way of everyday living routines [52] . According to
a study conducted by O’Doherty et al., (2014) depressed patients
suffering from coronary heart disease, after the completion of
the 8-week MBCT program reported significant improvement
on depressive symptoms [53]. At the 6-month follow up, 71%
of the MBCT group reported recovery whereas only 50% of the
control group had a similar outcome. According to the members
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assigned to the MBCT, program’s key advantages related to
meditation, group support and to the development of optimism.
Additionally, according to the evidence-based map conducted
by Farah et al., (2016), MBCT presented increased benefits to
traditional CBT [54].

4. Relaxation practices

Lifestyle changes aiming to reduce stress through relaxation
practices (eg yoga, meditation), are of great significance and may
even help to reduce levels of IL-6 in blood tests [55] . Moreover,
according to a study conducted by Parswani et al., (2013) on
30 male patients with CHD, practicing mindfulness-based stress
reduction techniques, depression and anxiety levels, alongside
overall and perceived stress were significantly reduced after the
completion of the program, while given results were evident even
after a follow up period of 3 months [56].

5. Exercise

Literature provides increasing evidence that exercise is an
effective treatment towards depression on patients with CVD.
Based on a meta-analysis of 23 randomized clinical trials [49 ]
exercise was linked to positive clinical effects. Additional studies
[57] have deciphered the effectiveness of exercise, since
their positive results have been associated with reduction of
depressive symptoms, lower death ratio of patients with chronic
heart failure, and even improved cardiovascular biomarkers
affecting positively not only the clinical outcomes, but also the
quality of life of respective patients [51] [58] [59].

6. Cardiac rehabilitation

Cardiac rehabilitation programs are medically supervised and
aim to improve patients’ quality of life and future living. They
may consist of three important elements: (a) exercise counseling
and training, (b) education for healthy living patterns related to
heart issues and (c) counseling sessions aiming to reduce stress.
Respective studies have shown that patients suffering from
depression and ACS, after the completion of this type of program
have presented a lower mortality rate (summing up to 73%), and
reduced depression (summing up to 63%), compared to patients
who had not taken part in cardiac rehabilitation programs [60] .
Another study by Anderson et al., (2016) showed that exercise
performed within the framework of a cardiac rehabilitation
program had better results compared to no exercise, in the areas
of concerning cardiovascular mortality and hospitalization, while
improving the quality of daily living amongst patients with CVD
[54].

7. Combined or stepped care approach

The adaptation of therapeutic modalities to the needs of every
patient has also proven to be effective. Davidson et al (2013)
showed that patients who had developed depression after
an acute coronary syndrome, and had selected a combined
treatment methodology, had significant beneficial results
compared to usual care group, related to reduced depressive
symptomatology. The target group of the study comprised of 150
depressed patients with ACS, who have been assigned randomly
to centralized depression care for a period of 6 months. Each
participant had expressed their preferred treatment approach,
problem -solving treatment, pharmacotherapy, both, or none -by
telephone or via the internet contact [55] [61].
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Conclusions and Model of Practice

Depressive symptoms are highly linked to the recovery period
following cardiovascular diseases, affecting morbidity and
mortality rates as well as the patients’ quality of life. They are
also considered a high-risk factor for CVD deployment. Emphasis
should be placed on the early acknowledgment of depression
in the cases of patients with CVD, therefore the alertness and
contribution of medical doctors (eg. cardiologists) and staff (eg.
nurses) is of great importance. Considering the wide range of
treatment methods, the appropriate ones should be selected
considering the adverse effects of each modality. Research that
might link COVID-19 infection and adaptive intervention strategies
on the mental health of CVD patients is essential. Some factors
that may be expected to affect treatment response are: fear
and attitudes towards the disease (both CVD and COVID-19 ),
outcome expectancies, the intellectual functioning of the patient,
relationship with the doctor and treatment history, substance use
history, social and family issues. Both CVD and depression are
treated as long-term health issues while COVID-19 remains still
on a crisis intervention modality. To adhere to this crisis modality
but also to its long-term quality we suggest the following model:

1st stage

Assessment: Proper assessment is an integral step in the
development of an individualized treatment plan. History of CVD
and depression and history of dealing with crisis and behavior
patterns when in a crisis might lead to better adherence to designed
prevention and intervention plans for patients. Old maladaptive
choices and failures in treatments must be clarified so to gather
information and match patients to appropriate treatments but also
to monitor the progress and effectiveness of treatment. This can
be done through screening, so to determine in a time- and costefficien manner if a potential problem exists and requires further
evaluation. Use of DSM-V [21], interviews or self-administered
questionnaires [71] can give a first indication of the level and
reason of psychological distress. Some proponents of screening
[9 ] suggest that systematic screening should be performed only
when there is an available and consistent resource for treatment
available for patients who screen positive, such as collaborative
care programs. Such a policy would ensure that positive-screen
patients would receive a more thorough depression evaluation and,
if depression were diagnosed, would be able to obtain longitudinal
treatment. Recommendations for screening and treatment for
depression should be population specific since results from one
patient group may not generalize to others. Screening tools and
cutoff scores that optimize diagnostic accuracy in primary care,
for instance, may not be appropriate for patients with CVD since
some heart disease symptoms may overlap or be confused
with symptoms of depression [72]. An evaluation of self-neglect
especially for the elderly could give an indication of proactive
measures for COVID-19 and promote good practice. For example
the Elder Self-Neglect Assessment (ESNA) might give an indication
of the ability of the person for self-care [73].
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3rd stage

Treatment planning, to establish individualized treatment goals
and interventions directed to identified problem areas. This is
the phase to assess to the person’s difficult to self-care or to
address his/her difficultie relating to behavioral patterns or living
arrangements related to COVID 19 especially for the elderly. A
combined- stepped care approach would be of benefit in cases
of self-neglect. We recommend establishing a self-care plan
for every patient. Self – care in CVD and stroke prevention and
management are captured in the American Heart Association
(AHA) “Life’s Simple 7” (i.e., smoking cessation, maintenance
of body mass index [BMI], physical activity, healthy diet,
maintaining low cholesterol, maintaining normal blood pressure
[BP], and maintaining normal fasting plasma glucose) [74]. These
behaviors have been shown to reduce incident stroke [75] heart
failure [76], venous thromboembolism [77] and chronic kidney
disease [78].

4th stage

Contingency management: outcome monitoring, which
addresses response to treatment and whether the patient
requires further or diffe ent treatment. Even the exploration
of possible plans for the future may enhance a future oriented
mentality. The worried-well patient (afraid of COVID 19 infection)
might benefit at this stage from exercise protocols so to ascertain
his physical strength. Sustaining a cardiac rehabilitation program
or expanding time wise its offer to patients might be of benefit.
As Riegel et al (2017) point out knowledge, skills, confidence,
and motivation are required to effectively perform self‐care [79].
What might impede self‐care includes depression, poor self‐
effica , cognitive decline, and multimorbidity. Lack of social
support is the most important family‐level factor influencin
self‐care while lack of social capital at the community‐level
limits access and affo dability of care (figu e 1).

Conclusion

We attempted a presentation of the existing research on the topic
of depression and CVD and tried to share a model that might foster
intervention in the time of the COVID-19 pandemic. We stated that
suffering from depression when a CVD patient in the COVID-19 era
may impose unpredicted hardship to the individual. Gaining control
and having choices in treatment might help deal with uncertainty
and foster resilience.

2nd stage

Triage to decide the appropriate setting and intensity of treatment
(e.g. counselling while inpatient, or pharmacological treatment at
home). For example, the prevalence of depression and anxiety
is more common among individuals with angina at risk of
developing myocardial infarction, stroke, and atrial fibrillation [74].
Cardiac rehabilitation with relaxation exercises could be of benefit

Figure 1.
A model of staged care for people suffering from CVD and
depression during COVID-19.
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Abstract
Background

Hypertension not only predisposes to cardiovascular diseases, it is also associated with electrolyte imbalances (EIs), which in
most cases subtly impacts on morbidity and mortality. We aimed to determine the prevalence and pattern of EI in hospitalized
hypertensives from three teaching hospitals in Nigeria.
Methods

This was a retrospective study of hypertensive patients who were admitted in three teaching hospitals in the cities of Lagos, Kano
and Ogbomosho, Nigeria. Medical records and serum electrolyte results done at the point of admission were retrieved and analyzed.
Results

159 admitted hypertensive patients who had analysis of their electrolytes were recruited of which 106 (66.7%) were males, while
53(33.3%) were females. Majority of patients (138 {86.8%}) had at least one EI, while only 21 (13.2%) had normal electrolytes.
39(24.5%) patients had more than two EIs; 55(34.6%) had two EIs, while 44(27.7%) had one EI. The commonest electrolyte
abnormality was hyponatremia seen in 63 (39.6%) patients, followed by hypokalemia, reduced bicarbonate and hypochloremia
found in 58 (36.5%), 53(33.3%), and 40 (25.2%) respectively.
EI was more prevalent among females (96.2% vs 82.1% in males; p=0.002), patients who had tachycardia (94.3% vs 80.9% of
patients without tachycardia; p=0.042) and those with elevated diastolic blood pressure (DBP) (p=0.034).
Conclusions

EIs are very common among hospitalized hypertensive patients, with most of them having multiple derangements. EI was more
prevalent in females, patients with tachycardia and elevated DBP.
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Introduction

Hypertension remains the most important risk factor for
cardiovascular diseases (CVD), being a leading cause of
stroke, heart failure, ischemic heart disease (IHD), renal failure,
peripheral arterial disease, and visual impairment [1]. It is also
a major reason for medical admissions, morbidity and mortality

[2,3]. Chronic, uncontrolled hypertension, however, not only
predisposes to cardiovascular diseases, it is also associated with
EI, which in most cases subtly impacts on prognosis, morbidity
and mortality [4-6].

© 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/
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The pathophysiology of hypertension as well as the drugs
used in the treatment and the complications of hypertension
all have electrolyte input as modulators [4,7-8]. Notable in
the pathophysiology of hypertension is the Sympathetic and
Renin-Angiotensin-Aldosterone-System (RAAS) which when
activated cause vasoconstriction, increased cardiac output,
other hemodynamic alterations, sodium and water retention.
[7,9] Drugs used in hypertension play important role in electrolyte
homeostasis, with most of them predisposing to EI [8-11].
Other contributing factors to electrolyte imbalance in chronic
hypertensives includes, increased salt intake,[5,7] comorbidities
such as diabetes mellitus, [7,12] obesity [7,13] and hypertensive
complications [4,7].
There are many studies on complications of hypertension; however,
studies on EI in hypertensives are scanty, especially in this part of
the world. Previous studies have described EI in different cohorts,
with most investigating specific electrolytes in diabetes mellitus,
[12] heart failure, [14] renal disease,[15] stroke, [16] and patients
admitted into the emergency department [17]. Searching through
literature it is obvious that there are obvious gaps that need to
be addressed with regards to EI in hospitalized hypertensives.
We hope this study will address some of these and add valuable
information to this important associate of hypertension.
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Results

In this study, 159 admitted hypertensive patients whose
electrolytes parameters were available were analyzed, 21
(13.2%) of which had normal electrolytes, while 138 (86.8%) had
at least one deranged electrolyte. Males were 106 (66.7%), while
53(33.3%) were females. The elderly (≥65years old) made up
30.8% (49) of the study population, while the remaining 69.2%
(110) were young and middle aged hypertensives. Of the elderly
patients, 85.7% (42) had EI, while 87.3% (110) of the young and
middle aged had it. The baseline characteristics and presence of
EI is shown in Table 1.
EI was more prevalent among females than males (96.2% vs
82.1% in males; p=0.002), patients who had tachycardia (94.3%
vs 80.9% of patients without tachycardia; p=0.042) and those with
elevated DBP (p=0.034). Table 2 shows Demographic/Clinical
parameters and prevalence of EI. Majority of patients had more
than one electrolyte deranged: 39(24.5%) patients had more
than two deranged electrolytes; 55(34.6%) had two deranged
electrolytes, while 44(27.7%) had one deranged electrolyte. Table
3 shows pattern of EI and baseline characteristics. Figure 1 and 2
shows medication use and EI, while figure 3 shows complications
and prevalence of EI. Five (3.1%) patients had cardiogenic shock,
all of which had multiple EIs.

This study was aimed at assessing the prevalence and pattern
of EIs in hypertensives admitted in three teaching hospitals in
Nigeria.

The commonest electrolyte abnormality was hyponatremia
seen in 63 (39.6%) patients, followed by hypokalemia, reduced
bicarbonate and hypochloremia found in 58 (36.5%), 53(33.3%),
and 40 (25.2%) respectively.

Method

Discussion

This was a retrospective study carried out among hypertensive
patients admitted in the medical wards in three teaching hospitals
in Nigeria: Lagos University Teaching Hospital (LUTH), Aminu
Kano Teaching Hospital (AKTH) and Ladoke Akintola University
of Technology Teaching Hospital (LAUTECH TH), Ogbomoso.

Hypertension remains a very important public health issue
globally with very worrying morbidity and mortality burden.[1,2]
In the present retrospective study, we describe the prevalence
and pattern of EI in hypertensives hospitalized in three teaching
hospitals in Nigeria.

Medical records including electrolyte parameters of the patients
were retrieved and analyzed. The electrolytes evaluated were
serum Sodium, Potassium, Chloride, and Bicarbonate. Serum
Calcium, Magnesium, Phosphorus and other trace elements were
excluded because most of the patients did not have such result
among the panel of electrolytes requested. The data retrieved
included demographics, clinical notes, diagnosis, investigations,
antihypertensives medications and complications.
Hypertension was defined in this study as sustained systolic and/
or diastolic blood pressure (SBP and DBP respectively) of ≥140
and or 90mmHg respectively, or its documented history, or if a
patient was on any antihypertensive medication even if BP was
normal [20].
Hypernatremia and hyponatremia are defined as serum sodium
greater and less than 135-145mmol/l respectively [21] .
Hyperkalemia and hypokalemia are defined as serum potassium
greater and less than 3.5-5.0mmol/l respectively [21].
Hyperchloremia and hypochloremia are defined as serum chloride
greater and less than 96-107mmol/l respectively [22].
Elevated serum bicarbonate (Alkalosis) and reduced bicarbonate
(acidosis) are defined as serum bicarbonate (HCO3) greater and
less than 22-30mmol/l respectively [21].

Figure 1
Prescribed medications and prevalence of electrolyte
imbalances
ACEI- Angiotensin converting enzyme inhibitor; ARBAngiotensin receptor blockers. CCB: Calcium channel Blockers.
BB- Beta Blockers.
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Table 1. Demographic and clinical parameters of patients
with and without Electrolyte imbalances
Variables

Presence of
electrolyte
imbalance.
N=138 (92.0%)
Mean±SD

Absence of
electrolyte
imbalance.
N= 21(8.0%)
Mean±SD

P

Age (years)

55.41±15.13

56.33±16.34

0.798

Systolic BP (mmHg)

146.10±36.38

134.00±30.66

0.150

Diastolic BP(mmHg)

90.67±21.28

81.90±13.57

0.069

Heart rate (beats/min)

98.25±16.54

90.63±13.74

0.059

Figure 2: Medications used and number of electrolyte
derangement
ACEI- Angiotensin converting enzyme inhibitor; ARBAngiotensin receptor blockers. CCB: Calcium channel
Blockers. BB- Beta Blockers.
Firstly, this study showed that EI is extremely common in
hospitalized hypertensives. More than 85% of the patients had
EI, with over 65% of these having more than one deranged
electrolyte. In a similar study among hospitalized diabetic
patients, of which 61% had associated hypertension, electrolyte
imbalance was reported in 78% of the patients [12]. The
frequency of electrolyte derangement in these patients may be
a reflection of the severity of their morbidity and should give a
cause for concern [4,12]. Reasons that can account for EI in
our patients include their medications like diuretics, Angiotensin
converting enzyme inhibitors, Angiotensin receptor blockers and
calcium channel blockers that are associated with electrolyte
derangements [8-11]. More than 75% of our patients on each
antihypertensive medication had EI, more than 60% of which
were multiple EIs. From this finding, it is obvious that placing
patients on antihypertensive medications is not enough; they
must have periodic electrolyte evaluation for early detection
and prompt treatment of any EI. Furthermore, complications
like chronic renal failure, heart failure and stroke that patients
present with can also account for EIs [14-16]. All the patients
in our study with complications had at least one EI, most being
multiple. Unfortunately, patients with complications are not only
prone to developing EIs, the presence of EI in them sets up a
vicious cycle, predisposing them to progression of the disease,
other complications and worse outcomes [4,14-16]. The need

for prevention and slowing down progression of complications
cannot be overemphasized.
Patients with EI had higher systolic BP, Diastolic BP and
heart rate though not statistically significant. Perhaps a larger
sample size would have uncovered the significance. Be that
as it may, adequate control of these parameters will always
impact on hypertensive patients, ultimately reducing the risk of
complications, EI, morbidity cum mortality.
This study also shows that EI is significantly commoner in
females, those with tachycardia, and elevated Diastolic blood
pressure. Higher prevalence of EIs in females has been reported
in other cohort of patients [17,21]. This may be due to the effect of
sex hormones on RAAS, metabolic and electrolyte homeostasis,
making them more prone to EIs [22]. Furthermore, increased
cortisol levels in females with its’ attendant effects on metabolic
and electrolyte homeostasis may account for our findings [23,24].
The presence of various EIs increases the risk of tachyarrhythmia
and sympathetic overdrive which can explain the resultant
tachycardia in these patients [25,26]. Furthermore, conditions that
cause tachycardia like heart failure, stroke and renal failure with
attendant vomiting and uremia can also result in EIs [14-16,26].
Equally important is the fact that the RAAS system that play a
major role in electrolyte homeostasis can predispose to cardiac
remodeling, fibrosis and apoptosis with resultant tachyarrhythmia
ranging from Sinus tachycardia, Supraventricular tachycardia to
more fatal arrhythmias like ventricular tachycardia [27].
Hyponatremia is the commonest EI in our study, present in

Table 2: Demographic/ clinical parameters and prevalence
of Electrolyte imbalances
Variables

Gender

Age
(years)

SBP
(mmHg)

DBP
(mmHg)
Heart
rate
(Beats/
min)

Group

Presence
of any EI.
N=138
(92.0%)

Absence of
any EI
N= 21(8.0%)

Total

Female

51 (96.2%)

2 (3.8%)

53
(100.0%)

Male

87 (82.1%) 19 (17.9%)

106
(100.0%)

<65

96 (87.3%) 14 (12.7%)

110
(100.0%)

≥65

42 (85.7%) 7 (14.3%)

49
(100.0%)

≥ 140

85 (90.4%) 9 (9.6%)

94
(100.0%)

<140

53 (81.5%) 12 (18.5%)

65
(100.0%)

≥ 90

77 (92.8%) 6 (7.2%)

83
(100.0%)

<90

61 (80.3%) 15 (19.7%)

76
(100.0%)

>100

66 (94.3%) 4 (5.7%)

70
(100.0%)

72 (80.9%) 17 (19.1)

89
(100.0%)

≤100

p-value

0.022

0.803

0.116

0.034

0.042

SBP= Systolic blood pressure. DBP= Diastolic blood pressure
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Table 3: Number of electrolyte derangement and baseline characteristics.
Parameters

Age (years)

Gender

Systolic BP (mmHg)

Diastolic BP (mmHg)

Heart rate (beats/min)

Group

No electrolyte
derangement

One electrolyte
derangement

Two electrolyte
derangement

> Two
electrolyte
derangement

Total

≥65

7 (14.3%)

7 (14.3%)

22 (44.9%)

13 (26.5%)

49(100.0%)

<65

14(12.7%)

37(33.6%)

33(30.0%)

26(23.6%)

110(69.2%)

2 (3.8%)

21(40.4%)

12(23.1%)

17(32.7%)

52(100.0%)

Male

19 (17.8%)

23 (21.5%)

43 (40.2%)

22(20.6%)

107(100.0%)

≥ 140

9(9.6%)

32(34.0%)

29(30.9%)

24(25.5%)

94(100.0%)

<140

12(18.5%)

12(18.5%)

26(40.0%)

15(23.0%)

65(100.0%)

≥ 90

6(7.2%)

30(36.1%)

26(31.3%)

21(25.3%)

83(100.0%)

<90

15(19.7%)

14(18.4%)

29(38.2%)

18(23.7%)

76(100.0%)

>100

5(7.2%)

21(30.0%)

26 (37.1%)

18 (25.7%)

70(100.0%)

≤100

17(19.1%)

21(23.6%)

32(36.0%)

19 (21.3%)

89(100.0%)

Female

about 40% of patients. Similar report was seen in hospitalized
diabetics, patients in ICU and emergency department [12,17].
Hyponatremia is the most common electrolyte abnormality in
hospitalized patients [17]. Several factors can be responsible for
this, ranging from heart failure, [14] syndrome of inappropriate
secretion of antidiuretic hormone (SIADH) or cerebral salt wasting
syndrome in stroke patients, to secondary adrenal insufficiency
[28]. Other causes are drugs like diuretics, renal pathology and
salt restriction as part of management for hypertension [28].
Despite the fact that hyponatremia can increase morbidity and
mortality in patients, the condition is often underdiagnosed and
insufficiently treated [6,14,17]. The need for serial assessment
and prompt, adequate treatment is critical.
We also noticed that patients with tachycardia had significantly
higher prevalence of hyponatremia, this may either be a
cause or effect situation. While hyponatremia predisposes to
tachyarrhythmia of various types, tachycardia on the other hand
can trigger a cascade that can ultimately cause hyponatremia.
[29] The presence of tachycardia is a poor prognostic factor in
cardiovascular disease, causing increasing cardiac events and
mortality, it is therefore not enough to control blood pressure,
achieving normal heart rate is equally important and can be
lifesaving.[29,30]
Hypokalemia was noticed in about 36% of our patients.
Hypokalemia is common in hypertensive patients, being itself a
risk factor for hypertension [4,5]. Hypokalemia is also common
in patients with other chronic diseases [12,14-16]. Possible
cause of hypokalemia include inadequate intake of potassium
containing foods like fruits, increased excretion from use of drugs
like thiazide diuretics, vomiting or diarrhea, associated primary
or secondary hyperaldosteronism which are not uncommon in
hypertension [15,31]. Hypokalemia can add to the morbidity of
patients, contributing to the fatigue, leg cramps, palpitations,
exercise intolerance and weakness that patients complain of
[31]. Furthermore, hypokalemia is a poor prognostic factor that
can result in worsening insulin resistance, worsening endothelial

P

0.072

0.001

0.063

0.003

0.178

function, arrhythmia, worsening renal functions with attendant
diabetes insipidus and metabolic acidosis [31]. Identification and
prompt treatment of hypokalemia can prevent life-threatening
complications and improve the outcome of patients [15,31].
On the other hand, 15% of our patients had hyperkalemia.
Hyperkalemia is not uncommon in hypertensive patients, [15]
although quite difficult to diagnose because it is often either
clinically quiescent or present with non-specific symptoms [15,32].
It is not surprising that majority of patients with associated renal
pathology had hyperkalemia in our study, in keeping with findings
in literature [15,32]. Other possible etiology in our patients
includes use of ACE inhibitors, Angiotensin receptor blocker,
spironolactone a potassium sparing diuretics, B blockers, and
adrenal insufficiency [32]. Patients may present with weakness,
fatigue, palpitations, parasthesia and in severe cases sudden

Figure 3. Complications and % of Electrolyte imbalance
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Table 4: Baseline characteristics and serum sodium levels
Parameters
Age
(Years)
Gender
Systolic BP
(mmHg)
Diastolic BP
(mmHg)
Heart Rate
(beats/min)

Group

Sodium levels (mmols/l)

Total

≥ 145

135-145

< 135

≥65

3(6.1%)

23(46.9%)

23(26.9%)

49(100.0%)

<65

9 (8.2%)

61(55.5%)

40(36.4%)

110(100.0%)

Female

3 (5.8%)

28(53.8%)

21(40.4%)

52(100.0%)

Male

9(8.4%)

56(52.3%)

42(39.3%)

107(100.0%)

≥140

5(5.3%)

55(58.5%)

34(36.2%)

94(100.0%)

<140

7 (10.8%)

29(44.6%)

29(44.6%)

65(100.0%)

≥90

5(6.0%)

48(57.8%)

30(36.1%)

83(100.0%)

<90

7(9.2%)

36(47.4%)

33(43.4%)

76(100.0%)

>100

3(5.7%)

31(42.9%)

36(51.4%)

70(100.0%)

≤100

9(11.2%)

53(58.4%)

27(30.4%)

89(100.0%)

death from fatal arrhythmia [15,32]. Hyperkalemia is associated
with increased morbidity and mortality in patients, serial serum
potassium test is therefore important for early diagnosis and
treatment [15,32].
Maintaining a good acid-base balance is essential for optimal
health and functions of the organs of the body. Low bicarbonate
levels in the blood are a sign of metabolic acidosis, and this
was present in over 33% of patients in our study. Previous
studies have found an association between metabolic acidosis,
hypertension and cardiovascular diseases [33,34]. Our study
seems to corroborate this as over 60%, 30% and 25% of renal
failure, heart failure and stroke patients had metabolic acidosis
respectively. Possible causes of metabolic acidosis in our
patients includes increased salt intake, fatty foods, processed
foods, alcohol, red meat, sodas, and reduced consumption of
alkaline substances like fruits and vegetables. [35] Other possible

P

0.447

0.831

0.036

0.265

0.028

causes include increased excretion of bicarbonate, decreased H+
excretion, hypoaldosteronism, infection and use of salicylate etc
[33-34]. Metabolic acidosis can cause sympathetic overdrive and
stimulation of the Renin Angiotensin Aldosterone system (RAAS)
with resultant vasoconstriction, elevated BP, tachycardia and
arrhythmia [33,35]. This may explain our finding where patients
with metabolic acidosis were more likely to have elevated BP and
tachycardia. Metabolic acidosis is not only a negative prognostic
factor of cardiovascular diseases, it can also result in a number
of comorbidities like osteoporosis, cirrhosis, diabetes mellitus,
renal diseases, increased risk of infection etc [33,35]. Prompt
recognition and correction is important to improve the prognosis
of patients.
Elevated bicarbonate, a marker of metabolic alkalosis, was
present in about 9% of our patients. Causes can include vomiting,
use of diuretics, hyperaldosteronism and antacids [36]. Also,

Table 5: Baseline characteristics and serum Potassium levels.

Potassium (mmol/L)
Parameter

Group

Total
>5

Age (Years)

Gender
Systolic BP
(mmHg)
Diastolic BP
(mmHg)
Heart rate
(beats/min)

3.5-5.0

P

<3.5

≥65

8(16.3%)

21(42.9%)

20(40.8%)

49(100.0%)

<65

16(14.5%)

56(50.9%)

38(34.6%)

110(100.0%)

Female

12(23.1%)

19(36.5%)

21(40.4%)

52(100.0%)

Male

12(11.2%)

58(54.2%)

37(34.6%)

107(100.0%)

≥140

16(17.0%)

48(51.1%)

30(31.9%)

94(100.0%)

<140

8(12.3%)

29(44.6%)

28(43.1%)

65(100.0%)

≥90

13(15.7%)

44(53.0%)

26(31.3%)

83(100.0%)

<90

11(14.5%)

33(43.4%)

32(42.1%)

76(100.0%)

>100

7(10.0%)

32(45.7%)

31(44.3%)

70(100.0%)

≤100

17 (19.1%)

45(50.6%)

27(30.3%)

89(100.0%)

0.641

0.051

0.101

0.285

0.150
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Table 6: Baseline characteristics and serum Chloride levels.
Parameter

Age (years)

Gender
Systolic BP
(mmHg)
Diastolic BP
(mmHg)
Heart rate
(beats/min)

Group

Chloride level (mmol/L)

Total

>106

96-106

<96

≥65

7(14.3%)

27(55.1%)

15(30.6%)

49(100.0%)

<65

16(14.6%)

69(62.7%)

25(22.7%)

110(100.0%)

Female

4(7.7%)

26(50.0%)

22(42.3%)

52(100.0%)

Male

19(17.8%)

70(65.4%)

18(16.7%)

107(100.0%)

≥140

17(18.1%)

52(55.3%)

25(26.6%)

94 (100.0%)

<140

6(9.2%)

44(67.7%)

15(23.1%)

65(100.0%)

≥90

16(19.3%)

47(56.6%)

20(24.1%)

83(100.0%)

<90

7(9.2%)

49(64.5%)

20(26.3%)

76(100.0%)

>100

10(14.3%)

41(58.6%)

19(27.1%)

70(100.0%)

≤100

13(14.6%)

60(67.4%)

16(18.0%)

89(100.0%)

P

0.558

0.002

0.115

0.002

0.378

Table 7: Baseline characteristics and serum Bicarbonate levels
Parameter

Age(years)

Gender
Systolic BP
(mmHg)
Diastolic BP
mmHg
Heart rate
(beats/min)

Group

Bicarbonate (mmol/L)

Total

>30

22-30

<22

≥65

7(14.3%)

30(61.2%)

12(24.5%)

49(100.0%)

<65

7(6.4%)

62(56.3%)

41(37.3%)

110(100.0%)

Female

3(5.8%)

30(57.7%)

19(36.5%)

52(100.0%)

Male

11(10.3%)

62(57.9%)

34(31.8%)

107(100.0%)

≥140

5(5.3%)

50(53.2%)

39(41.5%)

94(100.0%)

<140

9(13.8%)

42(64.6%)

14(21.5%)

65(100.0%)

≥90

5(6.0%)

41(49.4%)

<90

9(11.8%)

51(67.1%)

16(21.1%)

76(100.0%)

>100

1(1.4%)

41(58.6%)

28(40.0%)

70(100.0%)

≤100

13(14.6%)

51(57.3%)

25(28.1%)

89(100.0%)

hypokalemia can indirectly predispose patients to metabolic
alkalosis by causing enhanced proximal bicarbonate absorption,
intracellular movement of Hydrogen ion in replacement of
extracellular movement of potassium [36]. Detection and prompt
treatment is important as patients can have very grave features
from muscle weakness, confusion, seizures to coma; arrhythmia
and syncope [36,37]. Equally important is the fact that associated
electrolyte abnormalities like hypochloremia, hypokalemia, and
hypocalcemia that tend to occur with metabolic alkalosis need
to be identified and promptly treated as well to improve outcome
[37].
Serum chloride is an important electrolyte and the most abundant
extracellular anion in the body, however, it has received less
attention than other electrolyte. [38]. Hypo and hyperchloremia
were present in 25% and 14.5% of our patients respectively.
Serum chloride abnormality has been identified in other

37(44.6%)

83(100.0%)

P

0.140
0.438

0.037

0.003

0.006

hospitalized patients, and found to be associated with poor
prognosis and mortality [38]. Serum chloride derangement, as
observed in our study, is usually associated with other electrolyte
derangement and acid-base imbalance, [38] with hypochloremia
more associated with hyponatremia, hypokalemia and alkalosis,
while hyperchloremia is associated with metabolic acidosis,
hypernatremia and hyperkalemia [38]. The presence of multiple
electrolyte derangement in such scenarios is associated with
worse morbidity and mortality, further underscoring the need for
prompt diagnosis and management.
Also important to note is that patients with cardiogenic shock,
though very few in this study (3.1%) all had multiple EIs. This
is not surprising, since this is the end stage of the spectrum,
usually called burnt out hypertension, and it represent a scenario
of hypoperfusion with multiple organ dysfunction like secondary
adrenal insufficiency, worsening renal, neurologic and cardiac
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dysfunction. This state is associated with very high morbidity and
mortality, not only from the complications but also from the impact
of the multiple EIs [39].

Limitations of the study

This is a retrospective study and therefore has its draw backs.
Missing data leading to the non-inclusion of such patients clearly
reduced the sample size with possible reduction in the robustness
of the result. The need for adequate data keeping with the use of
digital technology cannot be overemphasized.
Blood gases were not done in most of the patients, therefore
making the diagnosis of metabolic acidosis and alkalosis solely
dependent on bicarbonate level. Also, other equally important
electrolytes like serum Calcium, Magnesium, Phosphorus were
not assessed in our patients. Finally, it is important to emphasize
that arterial rather than venous electrolyte concentration correlate
best with physiologic effects of various electrolytes.
In Conclusion, electrolyte imbalance is very common in
hospitalized hypertensive patients, hypertension complications
must not only be diagnosed and treated in these patients, the
need for regular monitoring of electrolyte, prompt detection and
correction of any imbalance is equally very important in their
management.
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We present the case of a successful heart transplantation from a donor that suffe ed an out of hospital cardiac arrest lasting
approximately one hour.
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The recipient, a 27-year-old female nurse, was diagnosed
with arrhythmogenic right ventricular cardiomyopathy in 2012.
Echocardiography demonstrated a severely dilated right
atrium and an aneurysmal, hypocontractile right ventricle. The
left ventricle (LV) appeared small and compressed. Moderate
tricuspid regurgitation was present with a mean pulmonary
pressure of 25mmHg. She underwent an implantation of a
triple-chamber cardioverter-defibrillator in 2013. Repeated
electrocardiogram (ECG) recordings showed that the patient
was in sinus rhythm with persistent T-wave inversions across
pre-cordial leads V1 to V5.
The donor was a 24-year-old male from France, holidaying
in Malta during the popular summer season. He had no past
medical history of note. After consuming an unknown quantity
of alcohol and cocaine aboard a yacht berthed about 100 metres
from the shoreline, bystanders saw him floating face-down in the
sea and dragged him onto the sandy shore. When he failed to
respond, emergency services were called. No cardiopulmonary
resuscitation (CPR) was performed at this point and an ambulance
took approximately 7 minutes to arrive.
Upon arrival at the scene, paramedics found the patient to be
pulseless and started CPR. The length of time that he spent
in the sea was unknown, being spotted floating by onlookers
from another vessel. Sea temperature was around 23°C. Return
of spontaneous circulation (ROSC) occurred after 20 minutes
of CPR on site. However, the patient arrested again in the

ambulance and CPR was performed until he arrived at Mater Dei
Hospital, still in cardiac arrest. ROSC was achieved after a further
23 minutes of CPR in the Emergency Department but the patient
arrested three more times before achieving a stable circulation
(Figure 1). He was transferred to the intensive care unit on high
doses of Noradrenaline and Adrenaline to maintain an adequate
mean arterial blood pressure. An initial echocardiogram (ECHO)
revealed a hypocontractile left ventricle (LV) with an estimated
ejection fraction (EF) of 30%.
Over the following 3 days the patient’s cardiac function improved.
He was weaned off inotropic support and a repeat ECHO
showed a normal LV with an EF of 70%. A brain MRI showed
diffuse swelling consistent with global hypoxic injury with wide
areas of cortical and basal ganglia infarction. He remained
ventilated and failed to recover spontaneous respirations. He
was confirmed brain dead on two separate brain death tests.
The patient’s parents gave their consent and he was offe ed for
organ transplantation on day 6. The operation was successful,
with the recipient making an uneventful recovery. She received
immunosuppressive treatment with cyclosporine, prednisolone
and azathioprine and experienced one episode of early mild
rejection with full resolution. She remains well 15 months later.

Discussion

Ischaemia-reperfusion injury (IRI) describes the cellular damage
caused by an interruption to a tissue’s blood supply and the
subsequent return of blood flo . Certain tissues develop a
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Figure 1. The patient’s transport to the Accident and Emergency Department with episodes of cardiac arrest illustrated by red circles.
Markings represent 5 minute intervals.

protective mechanism against IRI if first subjected to short
episodes of ischaemia before the final, prolonged arrest of blood
flo . Murry et al. first described Ischaemic Preconditioning (IPC)
in 19 86[1]. The authors noted that intermittent episodes of
ischaemia slowed down the depletion of Adenosine Triphosphate
(ATP) from cells during a subsequent, sustained period of
ischaemia. Two windows of cardio-protection following IPC
were identified. The first window, which occurs after 20 minutes
is mediated by cellular signalling pathways and their concerted
effect on the mitochondrial permeability transition pore (mPTP).
The second window, which occurs after 24 hours, is due to
genetic transcription, with the production of protective enzymes
such as induced nitric oxide synthase [2]. The various molecular
pathways are complex and beyond the scope of this article. They
are tabulated in Table 1 and summarised in Figure 2.
Since its first description, surgeons and clinicians have been keen
to test the therapeutic implications of IPC in patients. Various
clinical trials in coronary bypass and valvular heart surgery were
undertaken, each simulating a preconditioning stimulus by means
of aortic cross-clamping and de-clamping and using diffe ent
parameters of cardiac injury, from myocardial ATP levels [3] and
blood markers of myocardial necrosis (CK-MB and troponin) [4]
to ventricular arrhythmias and LV contractile function [5]. In 2008,
a meta-analysis of 22 randomized controlled trials that involved
9 33 patients over a 10-year period concluded that ICP of this
nature reduced post-operative arrhythmias, inotropic support
and duration of intensive care unit stay for cardiac surgical
patients [6].
In 1995 Manché et al investigated the effects of IPC on beating
donor rat hearts perfused with oxygenated blood from a support
rat in order to characterize the relations between the duration
of ischaemia and the extents of early and late recoveries
of function.[7] Hearts were subjected to graded intervals of
ischaemia ranging from 10 minutes to 80 minutes before allowing
60 minutes of reperfusion. Longer recovery times were noted for
those hearts that experienced a preconditioning stimulus longer
than 30 minutes, suggesting that ischaemic times longer than
this are harmful rather than cardio-protective. A subsequent
double-blind randomized controlled trial on the cardioprotective
effect of remote IPC on donor hearts in patients undergoing heart
transplantation was published in April, 2019 with favourable
results [8].
The authors cannot in any way be certain of the reasons for
the favorable outcome of this heart transplantation following

Figure 2. The molecular pathways involved in the two ‘windows’
of cardio-protection following ischaemic preconditioning. CSM
cell surface membrane; GP G-protein; GP-R G-protein coupled
receptor; NM nuclear membrane; NP nuclear pore; mPTP
mitochondrial permeability transition pore; MTN mitochondrion;
NFKB nuclear factor kappa beta; mRNA messenger RNA

Table I. An outline of molecular pathways involved in
Myocardial Conditioning
Triggers

Signal transducers

End-effectors

Adenosine,
bradykinin, opioids

Protein kinases,
phosphorylases,
proteinases

Ion channels,
mitochondrial
enzymes

G-protein + cGMP
+ NO

PKG

mPTP

G-protein + RISK

PKB, ERK, GSK 3
Beta

Cytochrome C

SAFE + TNF-alpha

JAK, STAT 3

Caspases

JAK, NFK- B,
activator protein-1
hypoxia inducible
factor-1

iNOS, Cox-2,
aldose reductase,
mSOD, HSPs

IPC First Window

IPC second window

IPC ischaemic preconditioning; cGMP cyclic guanosine
monophosphate; NO nitric oxide; PKG protein kinase G; RISK
reperfusion injury salvage kinase; PKB protein kinase B; ERK
extracellular regulated kinase; GSK glucose synthase kinase; SAFE
survival activating factor enhancement; TNF tumour necrosis factor
alpha; JAK janus kinase signal transducer; STAT-3 signal transducer
and activator of transcription; mPTP mitochondrial permeability
transition pore; NFK-B nuclear factor kappa B; iNOS induced
nitric oxide synthase; COX-2 cyclo-oxygenase type-2; mSOD
mitochondrial superoxide dismutase; HSPs heat shock proteins
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cardiac arrest. It is interesting to speculate whether the repeated
episodes of cardiac arrest led to sub-lethal cardiac ischaemia
and resulted in ischaemic preconditioning of the donor heart. The
9 episodes of cardiac arrest, each ranging from 3 to 23 minutes,
are supported by experimental evidence on IPC, where longer
periods of ischemia preceding an index ischaemic event were
found to significantly affect cardiac function.[8] Donor hearts are
increasingly being harvested following circulatory deaths in an
effort to broaden the donor pool. More focused studies on the
effects of ischaemic preconditioning in the course of cardiac
transplantations such as the one described here may shed more
light on the clinical significance of this phenomenon. They might
include an endomyocardial biopsy after a period of IPC, as well as
metabolomic profiling and troponin assays. Such studies might
have supported the authors’ impression that IPC was at least
partly responsible for the dramatic increase in LV ejection fraction
from 30% to 70% and we therefore recommend that they should
be undertaken in similar cardiac transplantation scenarios.
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Highlights
Despite advances in diagnosis and treatment, infective endocarditis still shows considerable morbidity and mortality rates. The
dermatological examination in patients with suspected infective endocarditis may prove very useful, as it might reveal suggestive
abnormalities of this disease, such as Osler’s nodes and Janeway lesions. These cutaneous manifestations of infective endocarditis
are currently found only in about 20% of endocarditis cases, their presence, expression of an immune-mediated response and septic
microembolism is associated to with poor outcome. We report a case of a woman with infective endocarditis and the typical cutaneous
manifestations.
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A 47-year-old woman with a history of intravenous drug use,
came to our observations for fever for a few days.
The arterial blood pressure and the heart rate were in normal
range. The physical examination showed the presence of
cutaneous lesions in the nail beds and palms that were typical
for splinter hemorrhages associated with endocarditis, painful
lesions consistent with Osler nodes and painless Janeway
lesions, figu e.
The cardiac examination revealed a diastolic murmur grade III/
IV near the heart’s base. The laboratory biomarkers showed the
elevation of C-reactive protein, erythrocyte sedimentation rate
and procalcitonin, leucocytosis. and an increase in the indices of
hepatocyte necrosis.
The echocardiographic evaluation showed the presence of
an endocarditis vegetation on the left cusp of the aortic valve
determining a severe regurgitation.
The subject had a staphylococcus aureus endocarditis. She
underwent aortic valve replacement with biological prosthesis,
see panel D, intra-operatory view.

Cutaneous manifestations of infective endocarditis, very common
in the pre-antibiotic era, are currently found only in about 20% of
endocarditis cases [1].
Osler’s nodes are typically painful lesions that occur on fingers
and toes and are attributed to an immune-mediated response. In
contrast, splinter hemorrhages (involving the distal nail bed) and
Janeway lesions (involving the palms and soles) are painless and
secondary to septic microembolism.
Osler’s nodes are painful, purple nodular lesions, usually found on
the tips of fingers and toes. Janeway lesions, in turn, are painless
erythematous macules that usually affect palms and soles [2].
Early recognition of these clinical signs is important as they
indicate the presence of systemic embolization and are
associated with poor outcomes [3].
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Figure 1. Cutaneous manifestations of a staphylococcus
endocarditis of the left aortic cusp.
Panel A: cutaneous lesions in the nail beds and palms that were
typical for splinter hemorrhages associated with endocarditis
(black circle), painful lesions consistent with Osler nodes (black
arrow) and painless Janeway lesions (white arrow), figu e.
Panel B and C: trans-esophageal echocardiographic examination
showing the endocarditis vegetation on the left aortic cusp (white
arrow).
Panel D: intra-operatory view, the endocarditis vegetation is well
evident on the aortic cusp.
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