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The outbreak of coronavirus disease 2019 was first detected in Wuhan City, and
from there it is become a pandemic and global health threat. In the time of
pandemic, Cardiac surgery in nearly all cardiac centers all over the world was
only confined to emergency cases. Dealing with a patient infected with this highly
contagious disease is a great risk, and anesthesiologists are at a higher risk of
becoming infected because of their close contact with infected patients, and when
these patients are urgently in need for a lengthy difficult procedure, the risk will be at
its maximum. The challenge of the anesthetic team while dealing with these
patients is more difficult than we expected; so, the authors wanted to record
their management and their experience with these patients.
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Introduction
The coronavirus disease 2019 (COVID-19) pandemic,
which has taken thus far nearly 700 000 lives by the end
of July 2020 [1], poses a significant challenge to health
care services and societies globally. The pandemic,
which started in a seafood market in Wuhan, China,
has also exerted a tremendous socioeconomic toll, the
consequences of which are yet to be fully seen. Severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the newest member of the coronavirus
family and causative agent of COVID-19, is widely
believed to be initially transmitted to humans from bats
in Huanan wholesale seafood market [2]. A significant
contributor to the difficulty of adequately managing
the outbreak is the sheer volume of cases, which
threatens to overwhelm the available resources (such
as ventilators and ICU beds) of health care facilities [3].

In Egypt, the government started a bundle of
precautionary measures on March 25, 2020 to avoid
the spread of COVID, and one of these measures was
declaration the state of emergency in hospitals, and so
all elective procedures were postponed, and all medical
efforts were directed toward facing this epidemic.
However, urgent operations and emergency
procedures must find their way amid the COVID-
19 crisis. Dealing with COVID-19-infected patients
represents a great challenge to the medical personnel,
especially if their conditions require a lengthy surgical
procedure, such as cardiac surgeries.

This challenge becomes more difficult to anesthesia
team who have to perform a successful anesthetic
management in addition to take all precautions to
ia | Published by Wolters K
prevent and control infection based on the guidelines
of World Health Organization [4].
Clinical data collection
Between the beginning of April to the end of June 2020,
six patients were presented with cardiac problems and
required urgent cardiac surgery (Table 1). All cases were
either suspected or confirmed to be infected with
COVID-19. The mean age was 53.1 years old (31–64
years old). In our six-patient series, five patients
presented with chest pain and were diagnosed to have
unstable angina, so urgent cardiac catheterization was
done for each of them and revealed multivessel disease
with left main coronary stenosis, so urgent coronary
artery bypass grafting (CABG) operations were
scheduled for them, and the sixth patient presented
with infective endocarditis and was prepared for valve
replacement surgery.

Four cases were confirmed to have COVID; they
had positive PCR test and were isolated in hospital.
The other two patients were suspected to have
coronavirus, and their conditions required only
home isolation.

Of the four hospitalized cases, two cases were in the
ward on oxygen mask, and the other two cases were in
the ICU. One of them was on high-flow oxygen nasal
cannula alternating with continuous positive airway
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Table 1 Preoperative patient characteristics

Cases

Parameters #1 #2 #3 #4 #5 #6

Sex Male Male Female Male Male Male

Age 61 54 57 52 64 31

Medical history HTN HTN DM HTN HTN DM DM –

Preoperative ABG

SO, % 96 97 97 94 95 97

PO2, % 68 71 65 57 62 187

Respiratory rate 18 19 17 21 19 20

Supplemental O2 Mask Mask Mask High-flow nasal
cannula

Mask Mechanical
ventilation

Preoperative
temperature, °C

37.8 38.2 37.5 38.6 37.7 37.6

Lymphocytic count
(×109l)

1.2 0.71 0.73 0.68 1.1 0.9

CT finding Bilateral ground
glass

appearance

Bilateral ground
glass

appearance

Bilateral ground
glass

appearance

Bilateral ground
glass

appearance

Bilateral ground
glass

appearance

Bilateral Ground
glass

appearance

COVID diagnosis Suspected Confirmed Confirmed Confirmed Suspected Confirmed

Time of hospital stay
before operation,
days

Home 5 6 9 Home 14 days in ICU

ABG, arterial blood gas; COVID, coronavirus disease; CT, computed topography; DM, diabetes mellitus; HTN, hypertension.
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pressure mask and had a persistent fever, and the
other one was intubated and mechanically ventilated,
as he was presented with disturbed conscious level,
and his investigations revealed intracerebral acute
hematoma with brain edema and infective
endocarditis with heart failure and severe aortic
regurge, severe mitral regurge, and severe tricuspid
regurge, in addition to testing positive for COVID-
19. This patient was admitted to ICU for 2 weeks
where he was mechanically ventilated and managed
medically until his conscious level was improved and
then cardiac surgery was performed to replace aortic,
mitral, and tricuspid valves with prosthetic valves.
The patient continued treatment in the ICU for 11
days until his pulmonary condition improved and
then was transferred to the ward; 3 days later, his
COVID test became negative, and after another 4
days, he was discharged home after improvement of
his general condition.
Preoperative assessment
Preoperatively, the key priority was to optimize
chest condition with careful assessment of other
systems that may be affected. Moreover, careful
assessment of airway was done to know if there is
suspected difficult airway as we hoped to avoid awake
intubation and repeated attempts of intubation. All
pulmonary investigations were done to assess the
severity of pulmonary involvement, including
radiograph, computed tomography, and arterial
blood gas. Kidney and liver functions were carefully
assessed for all patients.
Cardiac assessment
COVID-19-infected patients may have cardiac
affection in addition to the original cardiac condition,
and although diagnosis of myocarditis is difficult,
especially in patients with acute cardiac conditions who
require cardiac surgery, there are some cardiac signs that
may suggest diagnosis of myocarditis owing toCOVID-
19, including abnormal or new changes in ECG,
presence or increased troponin, and new or abnormal
functional and structural changes on cardiac imaging.

The treatment protocol applied in Egypt may be
problematic for cardiac patients with COVID-19 as
it includes treatment with hydroxychloroquine and
azithromycin (Supplementary file 1).

Until the date this article had been written,
hydroxychloroquine was still considered a potential
treatment for COVID-19 based on its mechanism
of action, as it can prevent viral entry to cells [5–8],
but it has adverse drug reactions, which may lead to
severe cardiac disorders, such as QT segment
prolongation, which could lead to arrhythmia,
myocardial arrest, or cardiovascular death [9].
Azithromycin and macrolides in general are known
to induce cardiotoxicity when used alone, and they may
enhance the effect of hydroxychloroquine, which
prolongs QTc interval [10–13].
Preoperative preparation
We followed the guidelines of Centre for Disease
Control and Prevention and World Health
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Organization [14]. All medical staff adopted third-
level medical protection measures. Strategies to
decrease the risk of exposure to viral particles during
the procedure were applied and included the use of an
N95 mask, a face shield or medical goggles, disposable
protective clothing, latex gloves, and shoe covers.
Patients were transferred to operating room wearing
surgical masks, and for patients who were in need of
high-flow oxygen during transfer, we used least
possible oxygen flow which maintained oxygenation
and avoided aerosol generation.
Intraoperative management
During induction of anesthesia, tracheal intubation
was performed by a senior anesthetist who was
present alone with his assistant in the operating
room, whereas the rest of anesthesia team and
surgical staff were allowed to enter the operating
room only after endotracheal intubation and securing
all the connections with adhesive tapes.

Fentanyl was given in small incremental doses to
minimize its coughing effect, and a full dose of
muscle relaxant was given at one time to ensure
muscle paralysis before intubation.

Before insertion of endotracheal tube, mask
ventilation was done by two-handed grip to seal the
face mask, and after intubation, the positive pressure
ventilation was started after inflation of the cuff of the
endotracheal tube. Moreover, we inserted bacterial
viral filter to the expiratory limb of the breathing
circuit apart from the heat and moisture exchanger.
Breathing circuit disconnection was managed by
fixing all connections, and if surgeon asked to stop
ventilation that allowed to just switching the
ventilator to stand by position, and if at any time
disconnection happened, the endotracheal tube was
immediately clamped.
Table 2 Postoperative characters of the patients

Parameters

#1 #2 #3

Mode of ventilation SIMV SIMV SIMV

Postoperative ventilation, days 1 2 2

Postextubating SO2% 95–97 94–96 92–95

Need of postextubation noninvasive
ventilation

No No No

ICU, days 3 3 4

Postoperative drainage, ml 600 750 1450

Reopening for chest exploration No No Yes

Postoperative hospital stay, days 8 10 11

CPAP, continuous positive airway pressure; SIMV, synchronized interm
Ventilation was maintained with lung-protective
mechanical ventilation strategies by maintaining tidal
volumes of 5–6ml/kg. Moreover, we increased
respiratory rate to maintain minute ventilation and to
keep peak airway pressure below 30 mmHg with peep
5–10 cmH2O.

In these case series, we decided to maintain anesthesia
by volatile anesthetics especially sevoflurane before and
after cardiopulmonary bypass and use total intravenous
anesthesia (TIVA) by propofol for maintenance of
anesthesia during the cardiopulmonary bypass period.

In four cases, CABGs were done on pump and the fifth
was off pump. The response of patients to
anticoagulation was variable, and in three patients,
we gave additional doses of heparin to achieve
activated clotting time more than 450 s, and for the
patient who underwent surgery to replace mitral, aortic,
and tricuspid valves, he received two units of fresh
frozen plasma in addition to the extra dose of heparin
to achieve activated clotting time 456 s.

Two cases of on-pump CABG experienced difficulty
in weaning from cardiopulmonary bypass, as they
experienced different types of arrhythmias, which
required multiple DC shocks, and in one case,
intravenous amiodarone started intraoperatively and
was continued in the ICU.
Results
On follow-up, one case experienced high drainage
that required reoperation, and chest exploration
(Table 2). The patient was transferred to the OR
on a portable ventilator. All safety measures were
applied by the surgical team during assessment and
operation, and the patient was transferred again to
ICU postoperative.
Cases

#4 #5 #6

SIMV SIMV SIMV

3 1 6

90–94 96–97 93–95

Yes (CPAP mask for 1
day)

No Yes (CPAP mask for 2
days)

6 2 11

850 200 450

No No NO

14 7 18

ittent mandatory ventilation.
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The range of ICU stay was from 3 to 11 days. The
mean days of ventilation were 2.5 days. Moreover,
postoperative hospital stay was in the range from 8
to 18 days. All patients were discharged after
pulmonary and cardiac improvement, and the PCR
test results for COVID-19 were negative.

PCR results were positive in four patients
preoperatively and repeated once in three patients
after discharge from ICU, on the 5th, 8th, and 10th
days of their hospital stay, and in the last patient who
had infective endocarditis, PCR test was done twice;
the first result was positive and done on his 8th day in
the ICU, and the second test was done 6 days later and
turned negative.
Discussion
Cardiac surgery in the time of COVID-19 outbreak in
nearly all cardiac centers all over the world was only
confined to emergency cases. A total of 60 cardiac
centers in America, Europe, and Asia included in a
survey demonstrated that there was a great reduction in
number of cardiac surgeries with almost no elective
cases [15].

As the ICUs in cardiac centers are opened for COVID-
infected patients, and the resources were directed to
these patients, elective cases were postponed as long as
possible.

In addition, the fear from perioperative COVID-19
infection of elective cardiac patients has a great
concern, as reported by a study performed in
Wuhan, China, which found that nearly all elective
patients who underwent noncardiac surgeries became
infected with COVID-19, with 20% mortality [16].

The decision making in cardiac patients with suspected
or confirmed COVID infection necessitating surgical
management requires judging the risk of postponing
the surgery and avoiding exposure to coronavirus and
the risk of performing the surgery and taking all the
precautions to minimize the risk of infection.

In our cases, we had to perform the surgeries and take
the risk of dealing with new, totally undefined virus,
with unknown repercussions in the consequences of
intraoperative and postoperative course of the patients.

Dealing with a COVID-19-positive patient is a great
risk, and when these patients are urgently in need for a
lengthy difficult procedure, the risk will be at its
maximum. The challenge of the anesthetic team
while dealing with these patients is more difficult
than we expected; so, the authors wanted to record
their management and their experience with these
patients. The infectious nature of coronavirus made
every step in the anesthetic management done with
great caution to prevent aerosol generation and avoid
contact with any human secretions as well [17,18],
especially with the airway management and tracheal
intubation, as these are associated with the greatest risk
of infection [19]. Placement of arterial line and central
line for hemodynamic monitoring was difficult to some
extent owing to wearing of personal protective
equipment (PPE) and other protective measures.
The use of transesophageal echocardiogram was
minimized to be inserted only in highly indicated
cases, as insertion of probe was known to be one of
the aerosol-generating procedures [20,21].

Choice of anesthetic technique was discussed either to
maintain anesthesia with TIVA or inhalational
anesthesia. TIVA with propofol has many
advantages, as it is known that propofol can increase
the innate immunity through activation of natural killer
cells and cytotoxic T cell, and these are the first line of
defense against COVID-19, which attacks the innate
immunity. In addition, propofol has a role as an
antioxidant and free radical scavenger, so can reduce
ischemic and reperfusion injury to vital organs [22,23].
On the contrary, many studies have reported that the
use of volatile anesthetics during cardiac surgery, and
especially during CABG, has cardiac protection effect
and reduces the risk of perioperative myocardial
infarction, myocardial dysfunction, and death [24–27].

With such lengthy procedures, having to wear full PPE
was a burden by itself.We used adhesive tape to seal the
connection between the protective goggles and mask
and the PPE cap.

The reported hemostatic changes in COVID-19-
infected patients and the high mortality in patients
who fulfilled the criteria of the International Society
of Thrombosis and Haemostasias (ISTH) for DIC
[28] made the COVID-19-infected patients more
susceptible to thrombotic effects, which may be
owing to cytokine storm precipitated by corona
virus. Moreover, it is suggested that there is a
correlation with elevated levels of acute-phase
reactants, such as fibrinogen and C-reactive protein,
and the associated hypercoagulability seen with
COVID-infected patients [29–32]. So, daily
monitoring of D-dimer, fibrin degradation products,
and troponin was done. Moreover, the postoperative
management in these patients gave special attention to
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anticoagulation, so anticoagulants were started as early
as possible in the ICU, even in the presence of relatively
high postoperative drainage in the form of low-
molecular-weight heparin.

In our patients, the levels of D-dimer increased
significantly in two patients, starting from the third
and fourth day postoperatively and reached levels
more than 2000 ng/ml, so the dose of low-
molecular-weight heparin increased, and after they
started enteral feeding, they received two types of
antiplatelet (aspirin and clopidogrel), in addition to
warfarin according to the hospital ICU protocol.
Conclusion
In conclusion, successful anesthetic management of
cardiac surgery emergencies in COVID-19-positive
patients requires implementation of a special
strategy, which includes infection control and
prevention in addition to the management of the
cardiac surgery. The authors like to record their
experience that may be useful for other colleagues.
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