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Abstract: In December 2019, a novel COVID-19 infection caused by SARS-CoV-2 has emerged
as a global emergency. In a few months, the pathogen has infected millions of people in the world.
Primarily SARS-CoV-2 infects the pulmonary system which ultimately leads to ARDS and lung
failure. The majority of patients develop milder symptoms but the infection turns severe in a huge
number of people, which ultimately results in enhanced mortality in COVID-19 patients. Co-mor-
bid conditions, primarily cardiovascular complications and diabetes, have been reported to show a
strong correlation with COVID-19 severity. Further, the onset of myocardial injury secondary to
pulmonary damage has been observed in critically ill patients who have never reported heart-relat-
ed ailments before. Due to drastic health risks associated with virus infection, the unprecedented
disruption in normal business throughout the world has caused economic misery. Apparently, new-
er treatments are urgently needed to combat the virus particularly to reduce the severity burden.
Therefore, understanding the crosstalk between lung and heart during COVID-19 might give us bet-
ter clarity for early diagnosis followed by appropriate treatment in patients with the likelihood of
developing severe symptoms. Accordingly, the present review highlights the potential mechanisms
that  may  explain  the  crosstalk  between  lung  and  heart  so  that  effective  treatment/management
strategies can be evolved swiftly in this direction.
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1. INTRODUCTION
The current outbreak of the novel coronavirus caused by

Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-
CoV-2) originated in late December 2019 in Wuhan, China.
Since then, within a span of three months, it was declared as
a global health emergency and the destruction caused by the
virus is known to the whole world [1]. According to the cur-
rent  statistics  of  WHO,  a  total  of  40  million  people  have
been  infected  and  more  than  1  million  people  have  suc-
cumbed to the virus worldwide (Oct 19, 2020) [2].

Clinical representation of COVID-19 ranges from asymp-
tomatic/mild influenza-like symptoms to deadly acute respi-
ratory  distress  syndrome  (ARDS).  About  80%  of  the  pa-
tients  remain  asymptomatic  or  develop  milder  symptoms
and  20% of  patients  develop  pulmonary  infiltrates,  out  of
which 2% progress to severe condition with an elevated risk
of mortality [3]. Although the respiratory system appears to
be the primary target of the infection, COVID-19 is now con-
sidered a systemic disease affecting multiple organs includ-
ing the heart [4]. SARS-CoV-2 adversely affects the cardio-
vascular  system  thereby  increasing  morbidity  in  patients
with underlying cardiovascular conditions and can even pro-
voke the onset of acute myocardial injury and dysfunction
[5]. Pulmonary injury and consequent cardiovascular issues
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might account for the severity of the disease. This review is
aimed to discuss the crosstalk between lung and heart during
the severe clinical discourse of COVID-19.

2.  COVID-19  ASSOCIATED  LUNG  AND  CARDIAC
COMPLICATIONS

Respiratory failure is the most prominent problem report-
ed in COVID-19 patients. Several studies report that majori-
ty  of  patients  present  no  or  mild  pneumonia  but  some  of
them develop ARDS, the main cause of mortality [6-8]. The
initial stage of the infection is characterized by the infiltra-
tion of SARS-CoV-2 in lung epithelium through binding to
angiotensin converting enzyme receptor (ACE2) [9]. Com-
mon symptoms that are exhibited at the onset of illness are
fever, chills, and shortness of breath [8, 10]. Along with this,
a chest x-ray manifests patchy shadows in the lungs of infect-
ed patients [10]. At this stage, viral load is perhaps low but
such individuals are able to transmit infection, and assess-
ment of viral burden in this early phase might be helpful to
predict consequent clinical course [3]. In the second stage,
the  virus  invades  gas  exchange  units  and  infects  alveolar
type II cells. The pathological result of SARS-CoV-2 infec-
tion is evident in the form of alveolar exudative inflamma-
tion  and  interstitial  inflammation.  Another  important  ele-
ment of the injured lung is the inflammation and injury to
the endothelial barrier and subsequent infiltration of mono-
cytes, macrophages, lymphocytes, and neutrophils [11]. His-
tological analysis of lungs of COVID-19 patients revealed
diffuse alveolar damage with fibrin rich hyaline membrane,
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which is one of the key characteristics of ARDS [3, 10]. The
intensity of infiltrates and pulmonary damage increases with
the progression of the disease. Clinical examination of se-
vere ARDS is characterized by a decreased ratio of arterial
oxygen partial pressure to fractional inspired oxygen (PaO2:
FiO2)  accompanied  by  hypoxemia  and  low  O2  levels  in
COVID-19  patients  [12].  These  observations  were  further
found to be consistent with the computed tomography/lung
ultrasound representing bilateral opacities and lung collapse
like  features  in  serious  cases  of  COVID-19  [13].  As  a
whole,  disruption  in  endothelial  barrier,  dysfunctional  gas
exchange and uncontrolled pulmonary inflammation are the
highlighting features of ARDS associated with COVID-19.

Further,  emerging  data  suggest  that  severe  stage  of
COVID-19 can adversely impact cardiac health also. It has
been observed that patients who suffer from cardiac or respi-
ratory  failure  need  ICU admissions  and  ventilator  support
for survival. Indeed, high mortality risk has been associated
with such patients [14]. The concurrence of cardiovascular
disease (CVD) during the current pandemic is not surprising
as  the  association  of  CVD  and  respiratory  illness  is  well
known. Even during the MERS-CoV epidemic, a large pro-
portion of patients represented the prevalence of CVD, hy-
pertension  and  diabetes,  suggesting  CVD  as  an  important
predisposing factor for enhanced risk of respiratory viral in-
fections  such  as  MERS-CoV,  SARS-CoV  and  the  current
pandemic SARS-CoV-2 [4, 15, 16]. In a study of 138 hospi-
talized  COVID-19  patients,  the  major  complications  were
found  to  be  ARDS (27  patients),  arrhythmia  (23  patients)
and acute cardiac injury (10 patients) [17]. Further, 64 out of
these 138 subjects were having co-morbidity including hy-
pertension  [43  patients  (ICU=  21)],  diabetes  [14  patients
(ICU=8)] and CVD [20 patients (ICU=9)]. Infected patients
who develop ARDS and having one or more underlying co-
morbidities appeared as the crucial factors leading to severe/-
critical condition [17]. Another single-center case series con-
ducted by Guo and the group revealed that elevated troponin
T (TnT) level on hospital admission is one of the prominent
features associated with co-morbid CVD and high mortality
in COVID-19 patients [18].

Quite alarmingly, in addition to the negative impact of
existing  CVD  on  the  severity  of  COVID-19,  new  cardiac
problems have surfaced in people upon catching the SARS-
CoV-2  infection.  Huang  et  al.  have  reported  that  12%  of
COVID-19 cases experience cardiac injury [8].  The major
cardiac  manifestations  identified upon SARS-CoV2 infec-
tion are acute myocardial injury and arrhythmia [19]. Inter-
estingly,  the   sudden onset  of   cardiac  damage in   SARS-
CoV-2 patients remains asymptomatic and can be detected
only by the analysis of laboratory markers. As described in a
study  of  138  hospitalized  patients  with  COVID-19  in
Wuhan China, the cardiac injury was witnessed by elevated
troponin I (TnI) or electrocardiogram (ECG) abnormalities
in 7.2% of patients and 22% out of which required ICU ad-
mission. In other cases, cardiac symptoms were represented
in terms of  chest  pain,  palpitations and arrhythmia.  More-
over,  progression  to  the  severe  condition  has  been  linked
with arrhythmias as its presence was found to be higher in

ICU admitted patients (44.4%) than in those not  requiring
ICU (8.9%) [17]. In another observational study of 210 con-
firmed cases of SARS-CoV-2, 52 (7%) patients were found
to be critically sick and 12 (23%) out of 52 suffered from an
acute cardiac injury. The study further noted that 9 (75%) of
12  patients  who  experienced  cardiac  damage  did  not  sur-
vive,  suggesting  higher  mortality  in  COVID-19  patients
with cardiovascular complications [20]. Endomyocardial au-
topsies data also corroborated these findings, indicating car-
diac damage caused by myocardial inflammation and cell ne-
crosis in COVID-19 patients [21].

Overall, SARS-CoV-2 appeared to have a serious impact
on  the  health  & functioning  of  the  cardiovascular  system.
However, close analysis is required to verify that COVID-19
can  trigger  any  kind  of  cardiac  damage,  as  it  is  not  clear
whether the heart was hale and healthy before the contrac-
tion  of  the  virus  or  simply  the  patients  were  not  aware  of
any abnormality at the heart level until they were hospital-
ized. This aspect calls for attention to regular follow-up of
the heart, especially of people with growing age; this could
help in detecting people who tend to develop critical clinical
course during respiratory viral infections.

3.  LUNG  AND  HEART  CROSSTALK:  POTENTIAL
MECHANISMS

The current pandemic is new to all of us. Till date, re-
searchers are aware that the severity of COVID-19 is associ-
ated with respiratory and cardiac complications; but how vi-
ral infection severely affects the cardiovascular system re-
mains a question. Various studies are ongoing to decode the
mechanism  related  to  COVID-19  pathophysiology  and  its
impact  on  the  heart.  At  this  time,  the  knowledge  gained
from past epidemics and clinical presentation of COVID-19
patients  has  led  to  some  speculation  regarding  heart-lung
connection during infection. Accordingly, we would like to
throw light on potential pathways that may explain the lung-
heart crosstalk to a certain extent.

Role of ACE2 and ACEi/ARB: ACE2 receptor appears to
play an important  role  in  the  invasion of  SARS-CoV-2 as
the receptors are present on the epithelial and endothelial lin-
ing  of  multiple  vital  organs  such  as  lung  and  heart  [22].
SARS-CoV-2 has a high-affinity binding site for ACE2 re-
ceptor and reduces ACE2 expression afterwards. ACE2 is a
counter-regulatory enzyme of the RAAS (Renin-angiotens-
in-aldosterone system) pathway (Fig. 1), which is responsi-
ble  for  cleavage  of  AngII  to  Ang (1-7)  [23].  Ang  (1-7)  is
known to exert an anti-inflammatory effect through the resto-
ration of  electrolyte  balance,  vascular  damage and regula-
tion of blood pressure. All of these are elementary/primary
processes of cardiovascular equilibrium [24]. On the other
hand, ACE enzyme converts angiotensin to aldosterone and
consequently results in vasoconstriction and inflammation.
To facilitate anti-hypertensive effects, patients with CVD, di-
abetes, and hypertension are usually kept under chronic med-
ication of angiotensin-converting enzyme inhibitors (ACEi)
and angiotensin receptor blockers (ARBs). The consumption
of these drugs ultimately enhances the levels of the negative
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regulator  of  RAAS,  i.e.  ACE2.  The  presence  of  increased
ACE2  expression  particularly  on  the  endothelial  lining  of
vascular system make them prone to SARS-CoV-2 invasion
and subsequent infection [22, 25]. To the best of our knowl-
edge,  there  is  one  study  that  has  examined  the  effects  of
ACEi/ARBs usage and mortality/severity in COVID-19 pa-
tients. The study has been conducted on 1178 COVID-19 pa-
tients, out of which 362 were hypertensive and 115 of 362
were  on  ACEi/ARBs  medication.  Interestingly,  no  differ-
ence in the disease succession or enhanced risk of in-hospi-
tal mortality was observed among the hypertensive patients
whether or not they were on ACEi/ARBs medication prior
to SARS-CoV-2 infection [26].

Fig. (1). Role of ACE2/ACEi/ ARB in COVID-19: In the RAAS
system,  angiotension  1  is  hydrolysed  by  ACE  to  form  Ang  II,
which further leads to the release of aldosterone and consequently
causes  vasoconstriction  and  electrolyte  imbalance.  On  the  other
hand, ACE2 converts Ang II to Ang (1-7) peptide, thus supporting
hypertensive effects. SARS-CoV-2 binds to ACE2 to get entry into
the cell and downregulates/degrades ACE2 afterward, which ulti-
mately enhances the activity of ACE and its inflammatory effects.
ARB/ACEi are ACE inhibitors and promote vasodilation and an-
ti-hypertensive effects.

Further,  ACE2  is  reported  to  be  down-regulated  upon
SARS-CoV-2 infection resulting in loss of its protective ac-
tion and thus promotes vasoconstriction as well as inflamma-
tion. In addition, loss of ACE2 activity is associated with ex-
aggerated cardiac inflammation, pulmonary edema and re-
duction in lung function [27, 28]. This theory has also been
supported by autopsy reports of the heart samples of SARS-
CoV patients, where the presence of SARS-CoV was associ-
ated  with  marked  down-regulation  of  ACE2  expression
along with the release of inflammatory cells in cardiac tis-
sues [29]. This is to note that failure of ACE2 concomitantly
increases ACE activity, which acts opposite to ACE2 and en-
hances  AngII  production  consequently  leading  to  aldos-
terone release, high blood pressure due to vasoconstriction
and  re-absorption  of  water  as  well  as  sodium.  This  high-

lights the importance of electrolyte disturbances in the patho-
genesis of COVID-19 patients. Moreover, a study has con-
firmed that alteration in electrolyte balance (decreased sodi-
um, potassium and calcium) is associated with severe cases
of COVID-19 [30]. Another report has revealed that the up-
-regulation of aldosterone leads to hypokalemia and BP vari-
ability, resulting in disruption of pulmonary vasoregulation
and  can  promote  thrombogenesis  during  COVID-19  [31,
32]. These studies indicate the importance of ACE2 in the
maintenance of body fluid and appropriate functioning of vi-
tal organs, i.e. lung and heart. Additionally, previous studies
have  documented  the  protective  potential  of  recombinant
ACE2 in mitigation of COVID-19 independent lung injury
and thus represent a potential treatment option for the cur-
rent pandemic [33, 34]

As of now, due to insufficient evidence on the potential
benefit or harm, there are no recommendations for additions
or discontinuation of ACEi/ARBs in the COVID-19 setting.
From the current understanding, ACE2 appears to be a dou-
ble-edged sword as it not only helps in the invasion of the
virus but also plays a protective role. These studies clearly
suggest the intricate role of ACE2 in respiratory dysfunction
and vascular complications during COVID-19 severity.

Immune dysregulation: The poor clinical outcome in in-
fected patients has been observed to be a dysregulated im-
mune response to a new viral antigen in the form of SARS-
CoV-2. ICU admitted COVID-19 patients exhibit significant
elevation in D-dimer, ferritin, IL-6, TnT, IL-2, IL-6, IL-7,
G-CSF, MCP-1, IFN- γ, MIP-1α and TNF-α [35]. Particular-
ly, IL-6 levels have been reported to increase sharply in se-
vere patients of COVID-19 as compared to mild cases [36].
Moreover, pro-inflammatory cytokines and chemokines can
further attract monocytes/macrophages to the site of infec-
tion,  which initiates  a  pro-inflammatory feedback loop.  In
addition to innate immune response, the adaptive immune re-
sponse seems to be another component involved in the clini-
cal progression of COVID-19. The reduction in the lympho-
cyte  population  has  been  noted  in  severe  COVID-19  pa-
tients. A study conducted by Qin and the group documented
an evident reduction in the total  number of B cell,  T cells
and NK cells in severe cases as compared to non-severe pa-
tients. Further, data on different subsets of T cells suggests a
decrease in both helper T cells (CD3+ CD4+) and cytotoxic T
cells (CD3+ CD8+) below normal levels. Despite the marked
reduction in the total number of helper-T cells, the percent-
age  of  naïve  T  helper  cells  [Naïve  T-helper  cells
(CD3+CD4+CD45RA+)/T-helper] was found to be increased
with a concomitant decline in memory T cells [memory T-
helper cells (CD3+ CD4+ CD45RO+)/T-helper] in severely af-
fected patients [36]. Another study also supports that the re-
duction of CD4+ and CD8+ T cells is strongly correlated with
the severity of COVID-19 [37]. It is worth mentioning that
CD4+ and CD8+ cells provide a protective response by help-
ing in the production of neutralizing antibodies and eradica-
tion of infected cells, respectively. Generally, naïve T cells
help to fight against previously unknown infection by the re-
lease of cytokines in a tightly coordinated manner. On the
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contrary, memory T cells provide antigen-specific immune
response [38].  Notably,  the balance between naïve T cells
and memory cells is crucial for the maintenance of efficient
defensive response, disruption of which might be contribut-
ing to the SARS-CoV-2 associated severity and worse out-
comes of patients.

This  dysregulated  immune  response  in  COVID-19  pa-
tients damages pulmonary infrastructure, eventually result-
ing in  the development  and progression of  ARDS and ex-
tra-pulmonary damage [8]. Acute and chronic inflammation
during respiratory infection has been previously associated
with  acute  ischemic  events  [39].  During  the  infectious
course of SARS-CoV-2, inflammation has emerged as a ma-
jor player in the cascade of lung and heart damage. The aber-
rant inflammatory response in combination with hypoxia has
been linked to endothelial dysfunction, imbalance in pro/anti-
coagulants and thrombin generation, which eventually leads
to thrombo-embolic events in COVID-19 patients [40, 41].
Pulmonary and venous thromboembolism in COVID-19 pa-
tients further results in obstruction of oxygen and blood flow
through vessels and can cause severe problems like cardiac
ischemia and myocardial damage (Fig. 2) [42, 43]. A meta-a-
nalysis conducted by Chi and the group highlighted the signi-
ficance  of  the  thromboembolism  in  the  pathogenesis  of
COVID-19 patients. Overall, the analysis was carried out on
1981  subjects  based  on  data  collected  from 11  studies.  In
five of the studies (576 patients), data was procured entirely
from ICU patients, whereas in six studies (1405 patients), pa-
tients were enrolled from ward settings out of which 10-38%
required ICU admission subsequently. It was observed that
despite prophylactic anticoagulant treatment, 24% of infect-
ed patients developed venous thromboembolism (VTE) and
12% represented pulmonary embolism (PE). The occurrence
of VTE & PE was higher in ICU settings [30.4% (VTE) and
15.7% (PE)] than in the ward settings [13% (VTE) & 5.6%
(PE)] [44]. Considering the high probability of VTE/PE in
ICU admitted COVID-19 patients, the extraordinary stratifi-
cation of high-risk population by the continuous diagnosis
of coagulopathy may be needed. An improvement in prophy-
lactic strategies in terms of dose and time period of thrombo-
prophylaxis/anti-coagulants may also be explored. Further,
the  role  of  an  aberrant  immune  response  cannot  be  over-
looked  in  coagulopathy  and  hence  appropriate  im-
mune-based  therapy  may  also  be  devised.

Another noteworthy study conducted by Guagliumi re-
vealed that the presence of microthrombi can be an impor-
tant mechanism in causing myocardial infarction [45]. This
study draws our attention towards an alternative facet of en-
dothelial  dysfunction  characterized  by  the  release  of  ul-
tralarge  von  willebrand  factor  multimers  (ULVWF)  upon
the influx of pro-inflammatory cytokine [46]. ULVWF acts
as a connection between damaged/injured endothelial cells
and  activated  immune  cells  such  as  neutrophils,
macrophages and platelets. Severely-ill COVID-19 patients
exhibit microthrombi like features with alteration of alveoli
and pulmonary vasculature as a result of the attachment of
platelets/ULVWF strings to the injured endothelium along
with  deposition  of  fibrin  in  alveoli  [47].  Considering  the

above-mentioned events during SARS-CoV2, systemic in-
flammatory mediators appear to be the major culprit in caus-
ing pulmonary and cardiac damage, but so far, no study has
evidenced the migration of inflammatory cells in the myo-
cardium [48], and therefore, further studies are required to
bridge the gaps.

Fig.  (2).  Impact  of  Immune  dysregulation  and  hypoxia  on  lung-
heart interplay during COVID-19: Abrupt inflammatory response
in combination with hypoxia results in an imbalance of pro-coagu-
lants/coagulant factors, endothelial damage and vasoconstriction.
In addition, it causes activation of immune cells, deposition of fib-
rin, thrombin and release of ULVWF. These multiple factors cause
physiological destruction in the form of thromboembolism/micro
thrombosis and ensuing ARDS and cardiac damage.

Hypoxia  linked  cardiac  damage:  This  physiological
mechanism is another aspect of lung-heart interaction during
COVID-19. Hypoxemia caused by acute respiratory illness
results  in  decreased  delivery  of  oxygen  to  cardiac  tissues.
On  the  other  hand,  systemic  infection  results  in  increased
cardio-metabolic demand which ultimately leads to impaired
myocardial  oxygen  consumption  and  energy  expenditure
[49]. Such imbalance may result in a predisposition to myo-
cardial ischemia and can progress to myocardial injury, espe-
cially in patients having pre-existing CVD [50]. Additional-
ly, hypoxemia caused by COVID-19 can trigger arterial fib-
rillation, a common form of arrhythmia that occurs among
elders [51]. Such reports may partially explain how hypoxia
caused by respiratory illness could lead to acute myocardial
injury during ARDS.
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4.  IMPACT  OF  TREATMENTS/SIDE  EFFECTS  OF
TREATMENTS

Various treatment strategies are being employed in pa-
tients with COVID-19 to control the devastation caused by
the pandemic. Antimalarial drugs, chloroquine and hydrox-
ychloroquine (HCQ) have been tested in COVID-19 patients
and have shown promising results by decreasing viral load.
The  efficacy  of  drugs  has  been  noticed  in  a  small  sample
size  and  needs  to  be  verified  by  involving  a  larger  cohort
size [52, 53]. At the same time, the cardiotoxicity of HCQ
should not  be ignored.  It  has been previously documented
that long-term use of chloroquine may prolong the QT inter-
val which can further trigger ventricular arrhythmia and atri-
oventricular conduction disturbances [19, 54].  In addition,
cardiac myopathy caused by these drugs has been found to
be associated with respiratory failure [55].

Another  potential  category  of  drug  candidates  that
caught attention during the COVID-19 was found to possess
antiviral/antibacterial activity. One of them is azithromycin
which is known to be effective against Ebola and bacterial
pneumonia.  Furthermore,  it  has  been  used  to  treat  non-
COVID-19 ARDS and was found to be associated with a sig-
nificant reduction in mortality and diminished time required
for  intubation  [56].  During  the  current  pandemic,  a  study
conducted by Gautret et al. confirmed the protective poten-
tial of a combination of azithromycin and HCQ in a small co-
hort of 36 confirmed SARS-CoV-2 infected French patients
[57]. On the contrary, a U.S. study performed by Magagnoli
and  the  group  reported  that  a  combination  of  these  two
drugs failed to provide any benefit to 368 hospitalized pa-
tients of COVID-19 but surprisingly was associated with in-
creased risk of mortality [58]. The previously known ability
of  azithromycin  to  increase  the  risk  of  QT interval  exten-
sion, sudden cardiac death, and torsade de pointes may be
the  reason  behind  such  untoward  effects.  In  addition  to
azithromycin, remdesivir has also emerged as possible drug
therapy. No major adverse effects of remdesivir have been
observed when tested on animals except for a transient in-
crease in respiratory rate. However, a study carried out on
53 COVID-19 patients who received remdesivir as a treat-
ment  represented  ARDS  (4%)  and  pneumothorax  (4%).
Along with respiratory toxicity, cardiovascular side-effects
such as hypotension (8%), hypernatremia (6%) and atrial fib-
rillation were also observed in COVID-19 patients infused
with remdesivir [59]. Another anti-viral combination which
came into the picture is the combination of lopinavir–riton-
avir.  A  study  conducted  by  Cao  et  al.  revealed  that  there
were no benefits observed in the patients who received this
combinatorial  treatment  (99  patients).  Rather,  the  patients
suffered from ARDS (12/99) along with prolonged QT inter-
val (1/99) and disseminated interval coagulation (1/99) [60].
Despite the proven efficiency of these antiviral drugs in com-
bating  various  types  of  viral  infection(s),  their  efficacy
against SARS-CoV-2 remains questionable. Further, given
their reported adverse effects, caution must be taken while
using such drugs in patients with severe COVID-19.

Heart and lung owing to their presence in the same thora-
cic  cavity  are  obviously  anatomically  connected  but  their
complex physiological interplay is critical to understand in
order to reduce the severity of the COVID-19. Further, se-
vere cases of ARDS require ventilation support for survival
which can lead to variation in intrathoracic pressure and ven-
tricular dysfunction, which subsequently impacts cardiovas-
cular performance [61]. Moreover, it has been documented
that hyperinflation of lungs in ventilator patients often im-
pedes cardiac output [62]. Thus, continuous monitoring of
cardio-respiratory parameters is required to ensure the prop-
er functioning of both lungs and heart.

5. IMMUNE-BASED THERAPY: POTENTIAL STRAT-
EGY  TO  HALT  THE  TRANSITION  FROM  MILD/-
MODERATE  TO  SEVERITY

Taking into account the impact of immune dysregulation
that  allows  the  COVID-19  disease  to  advance  from  an
asymptomatic/moderate to severe stage, immune-based treat-
ments can be taken into account. The effect of immune-thera-
pies, such as monoclonal antibodies against IL-6, has been
found effective against COVID-19 in single-center studies
[63].  Additionally,  the  administration  of  IL-1R  antagonist
and a monoclonal antibody against IFN-γ was found to dam-
pen  the  hyper-inflammatory  response  and  reduce  both  re-
quirement of mechanical ventilation in the ICU and mortali-
ty rate among patients with the severe form of COVID-19 in
a cohort study [64]. Targeting IFN-γ can be another promis-
ing therapy as it has been observed to diminish inflammato-
ry signals during severe inflammatory disease hemophago-
cytic  lymphohistiocytosis  (HLH)  [65].  However,  ran-
domized clinical trials are under investigation to confirm the
efficacy and safety of immunotherapy in the pandemic (Clin-
ical trial Id: NCT04330638, NCT04324021).

More recently, corticosteroids have gained much atten-
tion  due  to  their  ability  to  combat  hyperinflammatory  re-
sponse. Earlier, corticosteroid use has been found to be asso-
ciated  with  a  lower  incidence  of  myocardial  infarction
among hospital  admitted patients  with pneumonia [66].  In
the current pandemic, the potential beneficial role of corti-
costeroids, namely dexamethasone (Dex), has been investi-
gated in a clinical trial ‘RECOVERY’. After randomization,
the trial enrolled 2104 in-hospital patients for Dex treatment
and 4321 patients were given the standard (std.) care thera-
py. Diabetics (25% Dex vs. 24% std. therapy) and patients
with heart diseases (28% Dex vs. 27% std. care) were also in-
cluded in the study. Dex was given to severe patients at  a
dose of 6mg/day orally/intravenously for a total of 10 days.
Outcomes  of  the  study  suggest  that  patients  who received
Dex displayed a lowered rate of mortality (29.3%) than the
usual care group (41.4%) when compared with those who re-
quired invasive mechanical ventilation. The patients who re-
ceived O2 support without mechanical ventilation represent-
ed  a  similar  pattern  with  a  mortality  rate  of  23.3%  in  the
Dex  group  and  26.2% in  the  standard  care  group.  In  con-
trast, the patients who did not require any respiratory sup-
port did not show any significant difference in mortality rate
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(17.8% vs. 14.0%). This data somehow explains the impor-
tance  of  immunosuppression  to  cease  the  advancement  of
disease towards severity [67].

Though corticosteroids and immune-based therapy have
shown  promising  results  in  COVID-19  patients,  there  are
still some gaps that need to be examined for better clarity.
The impact of Dex has not been elaborated on patients with
pre-existing CVD or those who develop cardiac complica-
tions during the clinical course of COVID-19. Effectiveness
of corticosteroid is reported in young patients and it remains
to  be  seen  whether  the  therapy  will  be  equally  effective
against Covid-19 patients belonging to the older age group.
However, reports on viral load have not been documented af-
ter receiving the drug. Therefore, documentation of viral bur-
den can be an important asset to guide the appropriate treat-
ment  decision(s).  Moreover,  there  can  be  a  possibility  of
steroid linked complications which can only be known after
long-term follow up of the patients.

Considering the variability of immune response among
severe cases of COVID-19 patients, therapy should be de-
vised accordingly. Along with this, continuous monitoring
of viral burden and hyper inflammation is required to con-
clude the impact of any drug.

6. MANAGEMENT STRATEGIES
To  date,  there  is  no  proven  therapy  available  for

COVID-19 patients and treatment has been mostly confined
to  supportive  measures.  Pre-existing  poor  health,  ad-
vanced-age  and  compromised  immune  system  have  been
shown to increase the risk of lung and heart complications
and poor prognosis [5]. Hence, patients with underlying dia-
betes, hypertension and CVD should be prioritized for suit-
able treatments. Cardiac intensive care in the form of ACE
inhibitors,  ARB  blockers,  anti-arrhythmic,  statins,
ionotropes and anti-coagulation therapies is generally recom-
mended to handle cardiac problems [68]. Hypoxemia follow-
ing  ARDS  is  frequent  in  COVID-19  patients  and  can  be
worsened by heart complications. Thus, oxygen therapy and
mechanical  ventilation  can  be  used  in  patients  with  heart
problems than those without any cardiac complications. Me-
chanical assisting devices such as extracorporeal membrane
oxygenation (ECMO) and intra-aortic balloon pump are help-
ful tools to get through critical periods and can be consid-
ered in severe conditions [19]. Respiratory and cardiovascu-
lar complications are the indicators of progression to severe
conditions and poor outcomes. Thus, it is critical to find out
the exact mechanism and connection of lung and heart in-
jury during infection to choose the appropriate therapy.

CONCLUSION AND FUTURE DIRECTIONS
At this time, it can be concluded that COVID-19 clinical

symptoms represent a spectrum that ranges from asympto-
matic  to  critical  condition  with  poor  outcomes.  Though
ARDS is a common problem in COVID-19 patients but the
role of cardiac complication in the development of severe ill-
ness is critical. The infected patients exhibit worse outcomes
that  progress  to  severe  illness  with  lung-cardiac  problems

and require ICU admissions. This highlights the need for an
initial diagnosis of cardiac injury along with the respiratory
dysfunction in patients after hospital admission to identify
the patients having a tendency to progress towards the se-
vere clinical condition. The execution of combined assess-
ment of imaging, histopathology, ECG and levels of TnT, co-
agulation and inflammatory markers might act as a helpful
tool in the categorization of patients with severe medical con-
ditions. Additionally, the role of any treatment/drug in trig-
gering  events  leading  to  complications  in  patients  during
SARS-CoV-2  infection  must  be  examined.  Further,  the
pathophysiological  mechanism  of  COVID-19,  as  well  as
short and long-term prognosis in severely ill patients, needs
to be explored to fully understand the role of the heart-lung
axis during viral infection.

LIST OF ABBREVIATIONS

ACE2 = Angiotensin Converting Enzyme 2
ACEi = Angiotensin  Converting  Enzyme inhibi-

tor
Ang = Angiotensin
ARB = Angiotensin Receptor Blocker
ARDS = Acute Respiratory Distress Syndrome
COVID-19 = Coronavirus Disease 2019
CVD = Cardiovascular Disease
DAD = Diffuse Alveolar Damage
Dex = Dexamethasone
ECG = Electrocardiogram
FiO2 = Fraction of inspired Oxygen

ICU = Intensive Care Unit
MERS-CoV = Middle East Respiratory Syndrome Coro-

navirus
PaO2 = Partial pressure of Oxygen

PE = Pulmonary Embolism
RAAS = Renin-Angiotensin-Aldosterone System
SARS-CoV-2 = Severe  Acute  Respiratory  Syndrome

Coronavirus  2
SARS-CoV = Severe  Acute  Respiratory  Syndrome

Coronavirus
Std. = Standard
TnT = Troponin T
TnI = Troponin I
UVWF = Ultralarge  Von  Willebrand  Factor  (UL-

VWF)
VTE = Venous Thromboembolism
WHO = World Health Organization
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