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Abstract

The coronavirus disease (COVID-19) pandemic has brought critical challenges to anesthesiologists and perioperative prac-
tice. Whereas anesthesiologists may be primarily concerned with airway and respiratory management, the COVID-19 data
accumulated to date indicate that primary and/or secondary cardiovascular complications are common. Previous studies have
demonstrated that the mortality rate is significantly higher in patients with cardiovascular disease (CVD) than in patients
without CVD. Dysregulation of immune function in patients with CVD may be involved in the prognosis of COVID-19
patients. Anesthesia and surgical procedures can modulate the immune system, and some patients undergoing surgery, par-
ticularly those undergoing cardiovascular procedures, have CVD. In perioperative management for patients with suspected or
diagnosed COVID-19 and those who have recovered from COVID-19, it is important for anesthesiologists to be concerned
not only with airway and respiratory management, but also with cardiovascular complications and perioperative circulatory

management to control the progression of the disease in patients with COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19), which is caused by
infection with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), has become prevalent worldwide.
At the time of writing (Aug 5, 2020), the total number of
diagnosed patients exceeds 18,000,000 worldwide, with over
40,000 diagnosed patients in Japan. Due to this pandemic,
anesthesiologists and perioperative practice now face critical
challenges [1].

The COVID-19 data accumulated to date show that the
mortality rate is significantly higher in patients with comor-
bid cardiovascular disease (CVD) than in patients without
CVD [2-4]. Analysis comparing COVID-19 survivors
with non-survivors has shown that the case-fatality rate in
patients with CVD was 10.5%, while the overall case-fatality
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rate was 2.3% [4]. Moreover, myocardial injury has been
observed in patients with COVID-19 and has been reported
to be associated with fatal outcomes [3].

Some patients undergoing surgery, particularly those
undergoing cardiovascular surgical procedures, have car-
diovascular complications. While there is little evidence
that SARS-CoV-2 infection during the perioperative period
affects postoperative morbidity and mortality in surgical
patients, it is important for anesthesiologists to remain aware
of cardiovascular complications in patients with COVID-19.
This special article is intended to highlight important periop-
erative cardiovascular considerations during the COVID-19
pandemic.

Epidemiology and prognosis
of COVID-19-related cardiovascular disease

Myocardial injury and cardiomyopathy have been observed
in patients with severe COVID-19 [2-4]. The reported inci-
dence of myocardial injury in patients with COVID-19 has
ranged from 7.2 to 27.8% [2, 5-8]. Increases in the levels
of cardiac troponin and N-terminal pro-brain natriuretic
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peptide (NT-proBNP) have been shown to be associated
with morbidity and mortality [2, 7]. In previous studies,
left ventricular dysfunction, persistent hypotension, myo-
pericarditis, myocarditis, arrhythmia, and heart failure have
been observed in COVID-19 patients [5, 9, 10]. Suggested
mechanisms by which SARS-CoV-2 induces myocardial
injury include direct viral invasion, systemic inflammatory
responses, a disorder in the coagulation fibrinolytic system,
and pneumonia-induced hypoxia [3]. One case of acute
myopericarditis due to COVID-19 has been published [9].
Notably, that patient did not have any pre-existing CVD, nor
were any respiratory symptoms observed during the clinical
course. However, acute myopericarditis was diagnosed based
on the increased levels of NT-proBNP and high-sensitivity
troponin T, cardiac magnetic resonance imaging showing
increased wall thickness with diffuse hypokinesis (left ven-
tricular ejection fraction of 35%), and the short tau inver-
sion recovery and T2-mapping sequence showing marked
myocardial interstitial edema [9]. Since a previous study
showed that RNA of the related virus SARS-CoV was pre-
sent in 35% of autopsied human heart samples obtained from
patients whose deaths were attributable to SARS [11], direct
viral invasion is a feasible mechanism of myocardial injury
caused by SARS-CoV-2.

SARS-CoV-2 can induce an excessive inflammatory
response that leads to myocardial dysfunction. Septic myo-
cardial dysfunction has been reported in 20-60% of sep-
sis patients and is associated with increased mortality [12,
13]. It is known that mitochondrial dysfunction caused by
excess inflammatory responses is involved in sepsis-induced
myocardial dysfunction [14, 15]. Inflammatory responses
also contribute to hypercoagulation and increased activation
of platelets leading to myocardial infarction [16]. Elevated
levels of proinflammatory cytokines have been observed in
critically ill patients with COVID-19 [6]. However, further
studies are required to determine the proportion of COVID-
19 patients with primary or secondary (due to severe sepsis)
myocardial injury or mixed myocardial injury.

Suggested mechanism of COVID-19

SARS-CoV-2 is considered to be divergent from SARS-
CoV, which causes severe acute respiratory syndrome [17].
The SARS-CoV spike protein has a strong binding affinity
to human angiotensin-converting enzyme 2 (ACE2), and
SARS-CoV and SARS-CoV-2 spike proteins show a high
degree of homology [18]. Previous studies have demon-
strated that SARS-CoV-2 can use the ACE2 protein for cell
entry. ACE2 has many important physiological functions
and is expressed predominantly in the heart, intestine, kid-
ney, and pulmonary alveolar cells (type II cells), which are
the main entry sites for SARS-CoV-2 in humans [19, 20].
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ACE2 plays a role in lung protection by reducing the levels
of angiotensin II, which is a potent proinflammatory agent in
the lungs and can contribute to lung injury. Following entry
of SARS-CoV-2 into a cell, ACE2 can be down-regulated
[21]. Thus, SARS-CoV-2 binding to ACE2 and the deregula-
tion of ACE2 can contribute to the progression of respiratory
impairment [22].

Hypertension is a common chronic condition in surgical
patients requiring anesthesia [23-25]. ACE inhibitors and/
or angiotensin-receptor blockers (ARBs) are often used for
perioperative blood pressure control in surgical patients with
a history of hypertension and other cardiovascular diseases
[23]. ACE inhibitors and ARBs may increase the expression
of ACE2 [26]. Although up-regulated ACE2 may have anti-
inflammatory effects in the lung and other organs through
the inhibition of angiotensin II, it can also increase viral
entry and replication [22]. However, a recent study showed
that ACE inhibitors and ARBs are not associated with in-
hospital mortality in patients with COVID-19 [2].

Risk factors for exacerbation of COVID-19

Many studies have suggested that pre-existing CVD is asso-
ciated with exacerbation of COVID-19 [2, 27]. It has been
reported that critically ill patients with COVID-19 who
required intensive care were more likely to have CVD than
non-critically ill patients [27, 28]. Although the mechanistic
relationship between pre-existing CVD and the severity of
COVID-19 has yet to be fully elucidated, dysregulation of
immune function in patients with CVD may be involved
in the prognosis of COVID-19 [22]. Previous studies have
shown consistent associations of risk factors for CVD (e.g.,
hypertension, diabetes mellitus, hyperlipidemia, atheroscle-
rosis, and advanced age) with proinflammatory cytokines
and cells of the innate and adaptive immune systems
[29-33]. Thus, pre-existing CVD is associated with modu-
lated immunologic function and may be an important marker
of immunologic impairment for patients with COVID-19
who are at risk of a poor prognosis [22].

Importantly, anesthesia itself and perioperative invasive
procedures can modulate the immune system and induce
inflammatory responses in patients undergoing surgery [34,
35]. It has been demonstrated that cardiac surgery under
cardiopulmonary bypass frequently induces systemic inflam-
matory response syndrome (SIRS), which is associated
with postoperative morbidity and mortality [36]. Immune
modulation due to surgical procedures, ischemia—reperfu-
sion injury, and cardiopulmonary bypass are factors that
can induce or complement the activation of coagulation or
the production of reactive oxygen species by leukocytes and
platelets, resulting in SIRS that leads to a poor outcome [37].
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Several reports of cardiovascular surgery performed
in patients with COVID-19 have already been published
[38, 39]. Although evidence showing that cardiovascular
surgery under cardiopulmonary bypass worsens the con-
dition of patients with COVID-19 remains limited, one
study showed that mortality following thoracic oncologic
surgery was higher for patients infected with SARS-CoV-2
than for patients without SARS-CoV-2 [40]. On the basis
of the recognized interactions between immunomodulation
and inflammatory responses caused by surgical procedures,
SARS-CoV-2 infection is likely to exacerbate the condition
of perioperative patients, particularly those undergoing high-
risk cardiothoracic surgery.

How to manage patients with COVID-19
perioperatively

When patients with suspected and confirmed COVID-19
undergo surgical procedures, anesthesiologists should be
fully committed to preventing cross-infection in the operat-
ing room. Several guidelines on anesthetic management in
cardiac surgery or emergency procedures for patients with
COVID-19 have been developed to help anesthesiologists
avoid cross-infection in the operating room [41, 42]. In the
perioperative management of such patients, anesthesiolo-
gists and intensivists may be primarily concerned with the
respiratory condition. However, as described in this article,
cardiovascular complications are common, and CVD is asso-
ciated with a poorer prognosis in patients with COVID-19.

Preoperative cardiac evaluation including measurement
of cardiac biomarkers and echocardiography should be con-
sidered to detect pre-existing or new-onset CVD in patients
with COVID-19 who undergo surgery. During intraoperative
and postoperative management of patients with confirmed
or suspected myocardial injury, it is desirable to initiate
detailed hemodynamic monitoring with arterial catheteriza-
tion for continuous blood pressure, cardiac output/index, and
dynamic variable (e.g., stroke volume variation) monitor-
ing, because inappropriate perioperative hemodynamics can
themselves induce myocardial injury [43]. Transesophageal
echocardiography (TEE) can help anesthesiologists to evalu-
ate the cardiac condition perioperatively. However, the use
of TEE has a risk of spread of SARS-CoV-2 [44]. For TEE
in such cases, an appropriate sheath may be able to decrease
the cross-infection risk [45].

Primary or secondary CVDs including myocardial injury
are risk factors for developing COVID-19. In addition,
anesthesia and surgical procedures can modulate immune
responses, which may lead to the development of COVID-
19. With appropriate consideration of the risks and benefits,
it is also preferable to postpone or cancel high-risk surgeries
that can induce excess inflammatory responses.

Conclusions

Though the pathophysiology and strategies for control and
prevention of COVID-19 prevalence have been suggested,
the number of patients with diagnosed COVID-19 contin-
ues to increase. Thus, the number of surgical patients with
current or past infections with SARS-CoV-2 will increase.
As described in this article, SARS-CoV-2 can induce myo-
cardial injury, and preexisting CVD is associated with the
progression of COVID-19. Although there is little estab-
lished evidence showing the effects of anesthesia and surgi-
cal procedures on the prognosis of COVID-19 patients, it is
important for the anesthesiologist to recognize the COVID-
19-related cardiovascular concerns to further improve the
perioperative management of patients with COVID-19.

The role of anesthesiologists during the COVID-19
pandemic is not only to prevent cross-infection between
healthcare workers and surgical patients in the operating
room, but also to apply the knowledge gained from the
accumulating data to efforts to control the progression of
the disease in patients with COVID-19.
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