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Abstract

The purpose of this article is to review the characteristics of SARS-
CoV-2, the clinical-epidemiological aspects of COVID-19, and
the implications for anesthesiologists when performing aerosol-
generating procedures. A search of PubMed/MEDLINE, Scopus,
ScELO, and Web of Science databases was performed until April
9, 2020, using the words: "COVID-19 or COVID19 or SARS-
CoV-2 and anesthesiology or anesthesia". Forty-eight articles with
information on the management of the patient in the perioperative
period or the intensive care unit when suspected or confirmed
SARS-CoV-2 infection were included. In general, the postpone-
ment of elective surgeries for no more than 6 to 8 weeks, depend-
ing on the clinical condition of the patients is recommended. In
the case of urgent or emergency surgeries, we review the use of
personal protection gear, as well as the recommended strategies
for carrying out the procedure.

Main messages

Given the recent pandemic of COVID-19, it is necessary to review the implications that the disease represents for anes-

thesiological practice, both for the management of patients and for establishing personal protection measures.

the pandemic.

increases.

This article provides a review of the information, recommendations, and guidelines for anesthesiology in the context of

However, as it is a new disease, the information presented here can be reinforced or refuted as the available knowledge

outbreak grew substantially and spread throughout the world, infect-
ing almost 2 million people and causing the death of more than
130,000 as of April 16, 20202,

Introduction

COVID-19 is an infectious disease caused by the recently discovered
coronavirus SARS-CoV-2, unknown until the viral pneumonia out-

break reported in Wuhan, China, in December 2019'. The disease SARS-CoV-2 enters mainly through the respiratory mucosa from

droplets or aerosols of an infected person, or through contact with
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surfaces contaminated with the virus. In clinical practice, this trans-
mission mechanism is a threat to health personnel, including anes-
thesiologists, who have a high probability of having direct or indirect
airway contact when administering surgical anesthesia or performing
aerosol-generating procedures (tracheal intubation and extubation,
positive pressure ventilation, use of noninvasive mechanical ventila-
tion and administration of high-flow oxygen, including coughing and
vomiting as a consequence of these procedures) in patients poten-
tially infected with SARS-CoV-2. The objective of this article is to
review the characteristics of SARS-CoV-2, the clinical-epidemiolog-
ical aspects of COVID-19, and the implications for anesthesiologists
when performing aerosol-generating procedures.

Methods

We revied the origin, epidemiology, and characteristics of SARS-
CoV-2 and the main clinical manifestations of the COVID-19 dis-
ease. Subsequently, a search of the scientific literature available in
PubMed, Scopus, SAELO, and Web of Science databases, up to
April 9, 2020, was carried out. The keywords "COVID-19 or
COVID19 or SARS-Col-2 and anesthesiology or anesthesia" were used
and all articles published in English (regardless of design), whose
summaries included information related to the anesthetic manage-
ment of the patient in the perioperative period or the intensive care
unit, with suspected or confirmed SARS-CoV-2 infection and
COVID-19 disease, were included. Fifty-nine references and ab-
stracts were located and evaluated by two independent researchers.
Forty-eight articles that were eligible for inclusion were selected and
evaluated in full text.

Review

Origin

The first reports of a new form of severe pneumonia in Wuhan, Hu-
bei, China, occurred in December 20193. The typical clinical symp-
toms of the first reported cases were fever, dry cough, dyspnea,
headache, and pneumonia. In some cases, the disease proceeded to

progressive respiratory failure secondary to alveolar damage and
even death*.

Samples from seven patients, who were admitted to the intensive
care unit of Wuhan Jin Yin-Tan Hospital at the start of the outbreak,
wete analyzed at the Wuhan Institute of Virology for coronaviruses
(the outbreak occurred in winter in a shellfish market, the same en-
vironment in which coronavirus infections related to severe acute
respiratory syndrome, SARS-CoV). Five of the samples tested posi-
tive by polymerase chain reaction. A sample of bronchioalveolar lav-
age fluid was analyzed to identify the etiologic agent, using meta-
genomics with new generation sequencing and subsequent directed
polymerase chain reaction. The viral agent had a 79.6% identity with
the SARS-CoV sequence, so it was initially named as the 2019 novel
coronavirus (2019-nCoV)*. The virus was recently renamed SARS-
CoV-2 and the clinical picture as coronavirus disease 2019 (COVID-
19)1.

SARS-CoV-2

Coronaviruses are non-segmented positive-sense ribonucleic acid-
enveloped viruses of the family Coronaviridae and of the order
Nidovirales that are widely distributed in humans, other mammals
(e.g., camels, cows, cats, and bats) and birds, causing respiratory, in-
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testinal, hepatic and neurological diseases®*. Rately, animal corona-
viruses can infect humans and then be transmitted among people>.
However, the high prevalence and wide distribution of corona-
viruses, their great genetic diversity, their frequent genomic recom-
bination and the increase in human-animal contact, increases the
probability that new coronaviruses will appear petiodically in hu-
mans, causing infections between species and occasional contagion
events. Although most human coronavirus infections are mild,
SARS-CoV-2, like SARS-CoV and Middle East respiratory syn-
drome coronavitus (MERS-CoV), ate -coronaviruses, zoonotic in
origin and may produce potentially fatal severe respiratory tract in-
fections*.

The complete sequence of a patient's SARS-CoV-2 was recorded
and made available on GenBank (GenBank: MN908947) in January
2020. Following China, the Center for Disease Control and Preven-
tion released the isolated virus sequences of various patients, with
approximately 200 genomes so far available, representing a great ge-
nomic diversity of the virus in China and other populations®. Zhang
et al.® analyzed the SARS-CoV-2 genotypes in different patients
from vatious provinces in China, finding that it had mutated alt-
hough the degree of diversification was small. Tang et al.” conducted
a population genetics analysis of 103 SARS-CoV-2 genomes and
classified them into two groups according to their envelope preva-
lence with type L in 70% of cases and type S in 30% of cases. Strains
in type L appear to be derived from type S and are evolutionarily
more aggressive and contagious?.

So far, it is known that one of the mechanisms with potential clinical
involvement is related to the renin-angiotensin-aldosterone system,
a key system in human physiology. SARS-CoV-1 and SARS-CoV-2
interact with the renin-angiotensin-aldosterone system through the
angiotensin-converting enzyme 2, an enzyme that physiologically
counteracts or prevents activation of the renin-angiotensin-aldoste-
rone system, but also functions as one of the viral receptors, so it
has been proposed as a potential factor for vitus infectivity. Both
viruses activate the immune response and trigger secretion of inflam-
matory cytokines and chemokines in pulmonary vascular endothelial
cells, so the cytokine "cascade" or "storm" has been postulated as
the mechanism that causes organ failure®.

On the other hand, Zhou et al.!? carried out viral infectivity studies
showing that SARS-CoV-2 uses angiotensin-converting enzyme 2
from humans, bats, civets, and pigs as an input receptor and that it
does not use other coronavirus receptors such as aminopeptidase N
and dipeptidyl peptidase 4. From the clinical point of view, these
reports generated concern given the possible association of the use
of renin-angiotensin-aldosterone system inhibitors (that could alter
the angiotensin-converting enzyme 2 and modify its expression)
with the severity in patients with systemic arterial hypertension and
the use of such drugs. Some health systems went as far as to recom-
mend the suspension of angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers on suspicion of SARS-CoV-2 in-
fection. Moreover, initial clinical reports showed a high prevalence
of systemic arterial hypertension among patients with SARS-CoV-2,
including greater severity of the disease, with a higher proportion of
patients requiring admission to intensive care units and mechanical
ventilation, or who died. These observations led to hypothesize that
medical management for this comorbidity, including the use of
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renin-angiotensin-aldosterone system inhibitors, could have contrib- On February 5, 2020, in Yokoyama, Japan, the cruise ship Diamond
uted to the reported adverse results; although to date, the clinical Princess, with 3,711 passengers and crew, was quarantined for two
molecular correlation is inconclusive!®.12, weeks when a passenger with COVID-19 was reported after disem-
batrking in Hong Kong. From March 161¢ to April 16, 20202, 712

Epidemiology people had been reported positive for SARS-CoV-2 infection, and
The outbreak of the disease grew substantially and spread in a very 12 had died. Most of the infections occutred before or very close to
short period through different countries as a consequence of human-  the quarantine start date, which demonstrated the potential trans-
to-human transmission. The World Health Organization (WHO) de-  mission of the virus, especially in confined sites. With the data re-

clared the COVID-19 epidemic a health emetgency of international ~ ported up to February 21 (634 people infected), Mizumoto et al.'?
concern on January 30, 2020, with a total of 7,736 confirmed cases  using statistical modeling estimated that the proportion of asympto-
in China and 82 cases in 18 different countries!3. Given that Wuhan  matic individuals among those who tested positive for SARS-CoV-
is one of the cities with the most significant amount of travel in 2 was 17.9% (95% confidence interval: 15.5 to 20.2%).
China (approximately 3,500 people travel by air on average daily), & ¢ A o1 16, 2020, the virus had infected 1 991 562 people and
control measures were implemented and later extended to adjacent : )

.. . . . . caused 130 885 deaths wotldwide (Table 1)2.
cities'. However, cases continued to increase rapidly worldwide, so
the WHO declared COVID-19 a pandemic on March 11, 202015,

Table 1. COVID-19 cases and associated deaths, up to April 16, 2020.

Region Confirmed cases Deaths
In the region % of world total In the region % of world total

Europe 1013093 50,9 89 317 68,2
America 707 121 35,5 30 245 23,1

West Pacific 125 571 6,3 4239 32

East Mediterranean 111 432 5,6 5532 42
Southeast Asia 21790 1,1 990 0,8

Affica 11 843 0,6 550 0,4
Diamond Princess 712 0,0 12 0,0
World total 1991 562 100,0 130 885 100,0

Source: prepared on the basis of the revised literature.

Clinical manifestations comorbidity such as systemic arterial hypertension (58.3%), diabetes

. . 22.2%), cardiovascular disease (25%) and cerebrovascular disease
Clinical symptoms include fever (83 to 98.6%), dry cough (47 to El 6.7 /(3 (p <0.05)". (25%0)

82%), dyspnea (14 to 59%), myalgia or fatigue (11 to 44%), sputum

production (20 to 28%), headache (6.5 to 16%), dizziness (9.4%),  Laboratory findings of patients with COVID-19 are shown in Table
sore throat (5 to 17.4%), runny nose or nasal congestion (4%), hem- 2. Compating patients admitted to the intensive cate unit to those
optysis (5%), loss of appetite (18 to 39.9%), nausea and vomiting  not admitted to the intensive care unit, a higher leukocyte, and neu-
(from one to 10.1%), abdominal pain (2.2%) and diarrhea (3 to  trophil count was observed, but a lower count of lymphocytes'®,
14%)318.19 Olfactory dysfunction has recently been reported in  higher elevation of prothrombin time and D-dimer!?, higher crea-
85.6% and gustatory dysfunction in 88% of patients in the European  tine kinase myocardial band, lactic dehydrogenase, alanine ami-
population?. notransferase, aspartate aminotransferase, total bilirubin, blood urea

. . . nitrogen and creatinine, as well as increased procalcitonin <
Most cases have been classified as moderate (81%) since they did 0 05)%) ’ P P

not present pneumonia or presented in a mild form, however, 14%
of cases have been severe and 5% critical?!. Patients requiring inten-
sive care are older (over 65 years) and with a higher frequency of
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Table 2. Findings in laboratory studies of patients with COVID-19.

Characteristic Frequency (%)

Leukopenia (< 4x 107/ L) 9225
Leukocytosis (> 9,5x 10°/ L) 24
Neutrophilia (> 6,3 x 10°/ L) 38

Hematic biometry Lymphopenia (< 1x 10°/ L) 352063
Thrombocytopenia (< 125 x 109/ L) 12
Thrombocytosis (> 350 x 10° / L) 4
Hemoglobin < 13 g/dL 51
Activated partial thromboplastin time < 21 s 16
Activated partial thromboplastin time > 37 s 6
Coagulation Tests Prothrombin time < 10,5 s 30
Prothrombin time > 13,5 s 5
D-dimer > 1,5 ug/L 36
Glucose > 6,1 mmol/L 52
Hypoalbuminemia (< 40 g/L) 98
Alanine aminotransferase > 50 U/L 28

Aspartato aminotransferase > 40 U/L 35237
Total bilirubin > 21 umol/L 18
Blood urea nitrogen < 3,6 mmol/L 17
Blood chemistry Blood urea nitrogen > 9,5 mmol/L 6
Serum creatinine < 57 umol/L 21
Serum creatinine > 111 umol/L 3
Creatine kinase < 50 U/L 23
Creatine kinase > 310 U/L 13
Lactic dehydrogenase > 250 U/L 75
Myoglobin > 146,9 ng/mL 15
Procalcitonin > 5 ng/mL 6
Intetleukin 6 > 7 pg/mL 52
Infection biomarkers Etythrocyte sedimentation rate > 15 mm/h 85
Seric ferritin > 274,7 ng/mL 63
C Reactive protein > 5 mg/L 86

L: liter.

g/dL: grams per deciliter.

s: seconds.

ug/L: micrograms per liter.
umol/L: micromoles per liter.
pg/mL: picograms per liter.
ng/mL: nanograms per milliliter.
mmol/L: millimoles per liter.
g/L: grams per liter.

U/L: units per liter.

ng/mL: nanograms per milliliter.
mm/h: millimeters per hour
mg/L: milligrams per liter.
Source: prepared on the basis of the revised literature®!819

Qin et al.?2 also reported decreased B cells, T cells (particularly
CD3+CD4+ T helper cells and CD3+CD8+suppressors) and natu-
ral killer cells, as well as increased neutrophil/lymphocytes and pro-
inflammatory cytokine levels (interleukins -2R, IL-6, IL-8, IL-10, and
tumor necrosis factor «), observing greater alteration in the most se-
vere cases of the disease and associated with increased mortality in
the case of the neutrophil-lymphocyte ratio.

Regarding radiological findings, computerized chest tomography im-
ages at hospital admission have shown bilateral lung involvement in
98% of cases®. Pure ground-glass opacity (77%) with reticular pat-
tern and/or interlobular septal thickening (75%), subsegmental ateas
of consolidation (59%), and bronchogram (80%) have been re-
ported. Other features include crosslinking, pleural effusion, small
pericardial effusion, and lymphadenopathy?.

The principal reported complications include progression to acute
respiratory distress syndrome (19.6 to 29%), acute heart failure (7.2

ME.

to 12%), arrhythmia (16.7%), secondary infection (12%), acute renal
failure (7%) and shock (8.7 to 7%)319. Most patients have been
treated with different antiviral drug schemes, antibiotics, glucocorti-
coids, alpha interferon, immunoglobulins, and antifungals?>. In 26%
of the cases, admission to the intensive care unit was necessaty. The
use of high-flow oxygen has been described in 11.1%, noninvasive
mechanical ventilation in 44.4%, and invasive mechanical ventilation
in 10 to 47.2%, requiring rescue therapy with extracorporeal oxygen-
ation membrane in 5 to 23% of cases>!°.

The general prognosis has been towards recovery, although the total
mortality rate has been reported at 2.3% with variations depending
on age, from 8% in patients 70 to 79 years of age up to 14.8% in
those over 80. In critically ill patients the reported mortality rate is
much higher (49%), as well as in patients with cardiovascular disease
(10.5%), diabetes mellitus (7.3%), chronic respiratory disease (6.3%),
systemic arterial hypertension (6.0%) and cancer (5.6%)31.
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Transmission dynamics

Li et al.?6 reported a SARS-CoV-2 incubation time of 5.2 days (95%
confidence interval: 4.1 to 7.0) and with data obtained up to January
4, 2020, estimated a growth rate on the epidemic curve of 0.1 per
day (95% confidence interval: 0.050 to 0.16), with a doubling time
of 7.4 days (95% confidence interval: 4.2 to 14), and an expected
number of cases directly produced by a person in a population sus-
ceptible to infection (Rg) of 2.2 (95% confidence interval: 1.4 to 3.9).
Subsequently, another study showed similar data regarding incuba-
tion time?’, so a quarantine period of 14 days has been suggested.
Regarding the Ro in more recent models, a value of 2.24 to 3.58 has
been estimated?, even as high as 6.47, if generations of viral trans-
mission and intensive social contacts are taken into account?.

The start and duration of the contagious period are not well defined.
There are reports of asymptomatic infections, that is, the detection
of viral ribonucleic acid without the presence of symptoms in 1% of
cases?!, and pre-symptomatic infections with detection of the virus
before the development of symptoms*. The SARS-CoV-2 ribonu-
cleic acid has been detected in samples from the upper and lower
respiratory system, blood, and feces, with a duration of several
weeks, while in some patients, the virus has been isolated from sam-
ples of the upper respiratory system, bronchioalveolar lavage fluid,
and stool cell cultures. It is still unknown whether other body fluids
(vomit, urine, breast milk, or semen) from an infected person may
contain viable and infectious SARS-CoV-25.

So far, it is known that SARS-CoV-2 is spread from person to pet-
son, mainly through droplets produced by the airways of infected
persons that can reach directly, or through contaminated surfaces,
the mouth, nose, and eyes, or by inhalation into the lungs. Transmis-
sion is more likely when the distance between people is less than two
meters, making community transmission easy and feasible in vatious
geographic areas, even without people knowing how and where they
have become infected. Van Doremalen et al.3! showed that SARS-
CoV-2 could remain viable and infectious for hours in aerosols and
for days on surfaces (with greater stability on plastic and stainless
steel than on copper and cardboard), depending on the inoculum.

ME.

In this way, transmission in health care environments is a threat both
to patients who come to receive medical care and for health person-
nel. Wang et al.!® reported the suspicion of hospital transmission as
a mechanism of infection in 29% of the health professionals affected
and in 12.3% of hospitalized patients. In contrast, Wu et al.?! re-
ported that of 44,672 confirmed cases in China, 3.8% corresponded
to health workers, of which 14.8% presented critical illness, and of
these, 1.96% died.

This situation increases concern about the presence of infections in
health personnel despite the apparent use of personal protective
equipment. However, it should be noted that health personnel may
be exposed to contagion before the use of personal protective equip-
ment. Therefore, the timely identification and isolation of suspected
cases are very important!4. In the case of anesthesiologists who are
involved in procedures that generate aerosols (tracheal intubation,
noninvasive ventilation, tracheostomy, cardiopulmonary resuscita-
tion, mechanical ventilation before intubation, and bronchoscopy),
it is important to review the different scenarios and protective
measutes that should be carried out to reduce the transmission of
SARS-CoV-2.

Health personnel protection system

Personal protective equipment is an essential component of the
healthcare personnel protection system, yet not the only measure,
since the area for performing aerosol-generating medical procedures
must also be adequately prepared, and strategies must be established
to minimize their generation.

Table 3 shows the main measures or suggestions to take into account
in the different areas of the healthcare personnel protection system,
and Table 4 shows the levels of personal protective equipment for
healthcare workers>143240, It is worth mentioning that these
measures must be taken into account on a patient with suspected or
confirmed SARS-CoV-2 infection, regardless of the type of anes-
thetic or surgical procedure to be performed. Furthermore, it is im-
portant to emphasize that no symptoms of COVID-19 in healthcare
personnel should be minimized, so they should be immediately eval-
uated to rule out SARS-CoV-2 infection and establish timely and ad-
equate management.
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Table 3. Healthcare personnel protection gear.

Process involved

Protection recommendations

Preparation of patient
and procedure area

Transfer of the patient to the surgical or procedure room, avoiding high circulation routes.

Disinfect and sterilize the room at the end of each surgery (apply UV-C light, disinfectant spray or vaporization with
hydrogen peroxide, and mop the room with 1,000 parts per million sodium hypochlorite, as well as routinely sterilize the
anesthesia machine).

Whenever possible, aerosol-generating procedures should be performed in a well-ventilated negative pressure room with
the doors closed; if not possible, it is recommended to quickly renew the air in the room (25 per hour) and avoid turning
off the ventilation.

Only the necessary personnel should be present.

Use disposable anesthesia equipment and supplies that will be in direct contact with the patient.

Prepare medications before entering the operating room.

Place a closed lumen intravenous system.

Decolonize the patient with chlorhexidine towels and chlorhexidine mouthwash prior to surgery, and with two doses of
5% nasal iodopovidone one hour after the incision.

Apply alcohol-based disinfectant to the end of the intravenous at the anesthesiologist's left side.

Place a covered basket with a lockable bag on the right side of the anesthesiologist, where the laryngoscope and contam-
inated material will need to be placed after use and close the bag.

After induction, clean all equipment and surfaces with disinfectant towels containing quaternary ammonium and alcohol
(always from top to bottom) and dry with dry microfiber cloth (which should be washed and dried after each use).

Reduction of aerosol
generation

Airway management reserved for anesthesiologists and experienced assistants.

Administer 100% oxygen prior and perform modified rapid sequence induction to avoid manual ventilation of the patient.
If the patient is not in condition for rapid sequence induction, use small tidal volumes in mechanical ventilation.

If possible, use a highly efficient hydrophobic filter between the face mask and the breathing circuit or airway bag.

If a supraglottic device is required, select a seal design and perform a meticulous insertion technique, use controlled low
pressure ventilation or spontaneous ventilation.

Avoid fiber optic intubation with an awake patient, unless necessary. Consider video laryngoscopy.

Prefer tracheal intubation rather than the use of a laryngeal mask.

Avoid noninvasive ventilation in patients with respiratory distress due to coronavirus infections outside the operating
room.

Consider early intubation in a rapidly deteriorating patient.

While resuscitating the critically ill patient, chest compressions should not be performed during intubation to avoid ex-
posing the face of the intubating physician to aerosols and, if possible, consider the use of neuromuscular blockers prior
to intubation to avoid coughing.

Perform closed system oral or tracheal suction after intubation.

Personal protective
equipment

Hand hygiene before and after all contact with the patient, before putting on and after removing the PPE.

PPE should be immediately replaced if it becomes dirty.

Put on and remove PPE carefully to avoid self-contamination.

After removing PPE, avoid touching your hair or face before washing your hands.

PPE should be disposed of in non-contact waste or washing containers.

PPE includes:

o Fluid resistant surgical mask (Type IIR) used by the patient during the transfer to the operating room and health
personnel. 80% reduction in the risk of transmission of large respiratory drops.

o Particulate respirator (FFP3, N95, FFP2 or equivalent; filters at least 99, 95 and 94% of the particles respectively)

for the healthcare worker. All respirators must cover the nose and mouth, must not hang from the uset's neck

between each use, once placed they must not be touched, they must be removed from the room where the patient

is located and must be used only once. Valve respirators also require a full face shield if splashing of body fluids is

anticipated.

Eye protection with medical grade goggles or disposable full face shield.

Disposable liquid resistant surgical gown or protective clothing.

Disposable surgical cap.

Disposable latex gloves, use double during induction.

Disposable surgical boots.

O O O O O

PPE: personal protective equipment.

Source: prepared on the basis of the revised literature>!432-40,

MET.
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Table 4. Levels of PPE for Health Workers.

Level PPE recommended
In non-suspected or unknown cases of infection and in which exposure to blood and /ot body fluids is anticipated:
Standard precaution for infection control

1 e Disposable gown

e Disposable gloves

Consider (if there is a risk of spraying or splashing)

e  Eye and face protection (Type IIR fluid resistant surgical mask and full face visor or medical grade goggles)

In suspected or confirmed cases of infectious agent transmitted by direct/indirect contact and in which exposure to blood and/or

body fluids is anticipated:
Direct/indirect contact precautions
2 Contact °
e Disposable gloves

Consider (if there is a risk of spraying or splashing)

Disposable gown; consider disposable fluid resistant suit

e  Eye and face protection (Type IIR fluid resistant surgical mask and medical grade goggles or full face visor)

In suspected or confirmed cases of infectious agent transmitted by droplets:

Droplet (respiratory) precautions
2 Droplets .
e Disposable gloves

Disposable gown; consider disposable fluid resistant suit

e Type IIR fluid resistant surgical mask and medical grade goggles or full face visor

In suspected or confirmed cases of an infectious agent transmitted by air:

2 Airway
way e Disposable gloves

e Disposable gown; consider disposable fluid resistant suit

e  Filter respirator with face piece 3 (FFP3) and eye protection or motorized respirator with hood
For all aerosol-generating procedures use FFP3 or N95 with eye protection or a powered respirator with a hood.

In suspected or confirmed infectious disease cases of severe consequences by contact (for example, Ebola or Lassa virus) or by
air (SARS-CoV-1, MERS-Cov, Avian influenza, SARS-CoV-2):
e  Fluid Resistant Long Sleeve Reinforced Surgical Gown

Long disposable plastic apron
3 Improved
Full face disposable visor

2 sets of long disposable gloves
Closed shoes

Disposable surgical boots

FFP3, N95 or motorized hood respirator

Liquid resistant disposable hood if gown does not have a cap

PPE: personal protective equipment.
Source: prepared on the basis of the revised literature’*40

Elective and emergency surgery

Cutrently, the reorganization of surgical and anesthetic services is
ongoing around the world. In addition to existing patients who re-
quire surgical management (sometimes urgent or short-term) with
intensive postoperative cate (major surgeries, including cardiac and
oncological), there are also a large number of patients with suspected
or confirmed COVID-19. They deserve hospital care and even ad-
mission to the intensive care unit*!. Even though each society and
institution has issued their recommendations, all have agreed on the
postponement of no more than eight weeks (if possible and taking
into account the characteristics of the patient and their disease) of
all elective and essential surgeries, given etiopathological considera-
tions related to surgical trauma, SARS-CoV-2 infection and the pres-
ence of comorbidity.

There is evidence of the redistribution of lymphocytes from the vas-
cular area to the lymphatic tissue with subsequent lymphopenia, and
the immune response produced by surgical trauma, by stimulating
the secretion of various inflammatory mediators including cytokines,
reactive oxygen species, nitric oxide, activating factor of platelets,
growth factors, and eicosanoids, which in turn activate polymorpho-
nuclear leukocytes, endothelial cells, macrophages, and lymphocytes,

ME.

and may aggravate a SARS-CoV-2 infection or increase patients' sus-
ceptibility to infection*.

Under normal conditions, some cytokines function as immunity reg-
ulators to limit damage or excessive inflammatory response, so there
must be a dynamic balance between pro and anti-inflammatory cy-
tokines to avoid organ dysfunction and infection and therefore re-
duce postoperative morbidity and mortality. Said balance could be
altered in patients with immune compromisation associated with
SARS-CoV-2 infection, characterized by an increase in the secretion
of pro-inflammatory cytokines previously described. In particular,
interleukin 6, whose levels have been observed to be significantly
elevated (a marker associated with severity of critically ill patients,
the occutrence of organ failure and myocardial dysfunction during
sepsis) in patients with severe pneumonia??.

Patients scheduled for surgery during the COVID-19 incubation pe-
riod, although apparently healthy, are not free from SARS-CoV-2
infection and therefore have already started viral replication and as-
sociated immune changes. Lei et al.¥ reported that in 34 patients
who underwent elective surgery during the SARS-CoV-2 incubation
petiod, all developed short-term pneumonia after surgery, 44.1% re-
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quited admission to the intensive care unit, and 20.5% died after ad-
mission to the intensive care unit, the main complications being
acute respiratory distress syndrome, shock, arthythmia and acute
heart failure. Thus, surgery can accelerate or exacerbate the progres-
sion of COVID-19.

Although the SARS-CoV-2 patients admitted to the intensive care
unit after surgery were older, underwent more complicated surgeries,
and had a higher frequency of comorbidity!8, it is recommended that
all patients scheduled for surgery have an isolation period of 14 days,
or infection must be excluded in the patient, before being considered
for elective surgery during the COVID-19 pandemic®.

In the case of patients with cardiac surgery, alteration in the expres-
sion of the monocyte surface protein HLA-DR (involved in re-
sponse to pathogens) and inhibition of monocytic and dendritic
functions, factors associated with a longer stay in the ICU and higher
mortality in cases of severe infection have been reported*?, which,
added to the risk of SARS-CoV-2 infection, could be catastrophic
for patients.

As for cancer patients, an increased risk of developing severe SARS-
CoV-2 infection has been suggested, probably due to associated im-
munosuppression. Liang et al.# reported that 75% of the patients
with neoplasm who underwent surgery or treatment one month be-
fore SARS-CoV-2 infection presented with severe disease.

On the other hand, some markers associated with a poor prognosis
in cancer patients also are present in patients with COVID-19. This
raises more concern, for example, in patients with colorectal cancer
as a neutrophil/lymphocyte ratio > 2.8 increases the tisk of postop-
erative complications at two years (hazard ratio: 5.36; 95% confi-
dence interval: 1.95 to 14.90)#, while in patients with COVID-19 an
elevated neutrophil/lymphocyte ratio is an independent tisk factor
for hospital mortality?.

Regarding urgent and emergent surgical procedures (including su-
petficial and peripheral surgical procedures), as well as specific diag-
nostic procedutes, these can be performed in available or recondi-
tioned ambulatory surgery areas away from emergency services and
intensive care. These include those related to trauma (fractures, dis-
locations, tendon tepairs, compartment syndrome and drainage of
abscesses or bruises), those related to cancer (diagnostic or thera-
peutic), urological procedures with the potential for progression to
obstruction/infection of severe pain that warrant hospitalization, ot
even certain emerging intra-abdominal procedures (e.g., appendec-
tomy and cholecystectomy). These procedures should be performed
on patients without clinical suspicion of COVID-19 and, if possible,
negative for SARS-CoV-2 infection confirmed by a polymerase
chain reaction. If the patient s suspected or diagnosed with COVID-
19, or if the procedure to be performed is life-endangering, it must
be managed within the hospital operating room following specific
protocols for each patient and condition*!.

Orotracheal intubation and ventilation

Approximately 3.2% of COVID-19 patients requite invasive intuba-
tion and ventilation at some point in the course of the disease, par-
ticularly when hypoxemia increases despite receiving high-flow oxy-
gen therapy, and positive pressure ventilation is insufficient. Even
when elective surgeries are postponed, emergency surgeries (includ-
ing cesarean sections) may arise in patients with suspected or con-
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firmed COVID-19, which warrant general anesthesia with endotra-
cheal intubation. Both situations require self-protection measures
for healthcare personnel, as well as adequate preparation and man-
agement of patients' airway*0.

In general, the decision to intubate is immediate in the presence of
cardiopulmonary failute or compromise/loss of the airway, how-
ever, in patients with acute respiratory failure and hypoxemia sec-
ondary to SARS-CoV-2 infection, close monitoring should be per-
formed to identify signs of respiratory decline and initiate elective
rather than emergent intubation. Preparation for intubation should
start when oxygen saturation is less than 93%, and the arterial pres-
sure of oxygen/inspired oxygen fraction is less than 300 millimeters
of mercury/%?*. The decision to intubate is immediately made when
there is no improvement in respiratory distress, tachypnea (fre-
quency over 30 per minute), and reduced oxygenation (arterial pres-
sure of oxygen/inspired oxygen fraction is less than 150 millimeters
of mercury/%) after two hours with high-flow oxygen or noninva-
sive mechanical ventilation*”.

Meng et al.* suggest the acronym OH-MS MAID (Oxygen, Helpers
[available helpers], Monitor, Suction, Machine, Airway supplies
[video laryngoscope, direct laryngoscope, etc.], Intravenous access,
Drugs), to facilitate the preparation of intubation in patients with
suspected or confirmed COVID-19.

The administration of noninvasive ventilation three minutes before
intubation has been suggested as a pre-oxygenation method before
petforming a modified rapid sequence induction3’#8. Cricoid com-
pression or displacement is recommended when vocal cord expo-
sure is difficult, or the patient's fasting time is unknown?. In ex-
tremely anxious patients, midazolam at doses of one to two milli-
grams may be considered, whereas intravenous lidocaine 1.5 milli-
grams per kilogram or more may be effective in suppressing cough
during intubation4°. Etomidate (from 0.2 to 0.3 milligrams per kil-
ogram) is recommended for induction in patients with hemody-
namic instability and propofol (from one to 1.5 milligrams per kilo-
gram) for stable patients.

Immediately after a loss of consciousness, the use rocuronium from
1 to 1.2 milligrams per kilogram, ot succinylcholine from one milli-
gram per kilogram is recommended*®>’. To suppress the laryngeal
reflex and optimize intubation, fentanyl from 50 to 100 micrograms,
sufentanil from 10 to 20 micrograms, or remifentanil from 2.5 mi-
crograms per kilogram can be administered*. After intubation, it is
suggested to verify its success by capnography, nebulization inside
the tube, evaluation of thoracic movements, oxygen saturation and
color of the patient's mucosa, and avoiding auscultation of the
thorax37:49,

In case of failure of intubation in suspected or confirmed COVID-
19 patients, no more than two attempts at intubation are recom-
mended (modifying the position, equipment, and technique between
attempts) given the risk of viral dispersion, so a laryngeal mask must
be inserted and even tracheostomy considered with due precau-
tions3730. If awake tracheal intubation is necessary, it should be per-
formed by an expert, and intravenous sedation should be adminis-
tered to minimize cough®.

The use of small tidal volumes is recommended during induction
until the patient is intubated. The guidelines for protective lung ven-
tilation in patients with severe acute respiratory syndrome suggest a
tidal volume less than or equal to six milliliters per kilogram of
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weight, a respiratory rate less than or equal to 35 per minute, a plat-
eau pressure less than or equal to 30 centimeters of water, and posi-
tive pressure at the end of expiration greater or equal to five centi-
meters of water*. Prone ventilation is recommended for at least 12
hours a day to improve lung mechanics and gas exchange*6-1.

Even though the use of high-frequency oscillatory ventilation has
been suggested in patients with lung damage from viral infections,
this strategy is not recommended in the case of SARS-CoV-2 infec-
tion, given the volume of aerosols it generates. Regarding extracor-
poreal membrane oxygenation, some cases of its use have been re-
ported. However, its use is recommended only in centers with ap-
propriate technical capabilities and experience!.

Regarding extubation after general anesthesia or when the patient's
clinical status warrants, it should be cartied out similat to intubation,
by expert anesthesiologists and with the minimum necessaty person-
nel in the room, in addition to the use of personal protective equip-
ment (including double glove placement)!#. It has also been sug-
gested that a wet gauze be placed over the patient's nose and mouth
just before extubation and that intravenous lidocaine be used to pre-
vent cough*’*. After extubation, it is recommended to place a sut-
gical mask on the patient and provide supplemental oxygen through
a plastic mask.

General anesthesia vs. regional anesthesia

One of the most critical decisions the anesthesiologist must make is
the type of anesthesia for each patient, given their clinical character-
istics and possible postoperative results. In the face of the COVID-
19 pandemic, this decision requires taking into account the safety of
medical personnel involved in surgery and anesthesia.

The selection of general anesthesia involves the use of two aerosol-
generating medical procedures, orotracheal intubation, and extuba-
tion, which increase the tisk of cross-infection with an odds ratio of
up to 6.6 for the transmission of acute respiratory infection from
patients to health professionals>.

On the other hand, both central and peripheral regional anesthesia,
in addition to avoiding airway manipulation, produce better postop-
erative pain control, reduce opioid consumption, improve postopet-
ative cognitive dysfunction and therefore reduce the incidence of
nausea and vomiting (an aerosol generator that can potentially con-
taminate healthcare personnel)333*. In patients with COVID-19,
whose lung function may be compromised by pneumonia and res-
piratory dysfunction syndrome, regional anesthesia reduces postop-
erative complications by not altering ventilatory mechanics. Current
evidence in patients with SARS-CoV-2 infection shows that regional
anesthesia has managed to maintain adequate ventilatory mechanics
without increasing the need for postoperative respiratory care and
that no deaths have been reported in patients in whom it was used
(even in urgent procedures)’%. Therefore, those patients whose sur-
gery can be performed with regional anesthesia should be managed
with this technique. Otherwise, general anesthesia should be admin-
istered, taking into account all risks and necessary precautions.

Regional anesthesia

For the performance of both central and peripheral regional anes-
thesia procedures, it should be noted that the most experienced an-
esthesiologist should perform the procedures, in order to avoid as
much as possible the conversion of a regional technique to general
anesthesia, as urgent intubation in the context of the COVID-19
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pandemic may be more complicated than in the typical setting. Plan-
ning is an essential aspect, so the duration of anesthesia and surgery
must be taken into account. It is better to perform planned intuba-
tion at the beginning of the procedure with all the protective
measures and without haste than emergency intubation with more
difficulties.

In patients with COVID-19, it is not recommended to reduce the
dose of local anesthetics or to allow cerebrospinal fluid to flow, due
to the risk of contamination of the personnel. It should also be borne
in mind that the performance of additional procedures increases the
risk of cross-contamination. In the presence of suspected or con-
firmed SARS-CoV-2 infection (in the community dispersal phase it
should be assumed that all patients are positive) if postoperative in-
travenous analgesia can be used, peripheral blocks and the placement
of epidural catheters should be avoided, since more contact with pa-
tients is required when monitoring this analgesic modality.

Spinal and epidural anesthesia

During the COVID-19 pandemic, several case series managed with
subarachnoid block and/or epidural block have been reported,
mainly emergency cesarean sections, although they are not the only
reported procedures that have been performed under spinal anes-
thesia.

Chen et al.>? reported 17 patients with COVID-19 who presented
pneumonia data on chest tomography without thrombocytopenia
but with significant hypotension in 86% of cases who underwent
cesarean section with epidural blockade with the standard technique.
No complications or secondary symptoms were observed in the
postoperative period, and most were discharged between six and 13
postoperative days. Regarding healthcare personnel, they did not re-
port any case of SARS-CoV-2 infection among the ten anesthesiol-
ogists who participated in the 17 cesarean sections.

Xia H et al.>* reported a case of a subarachnoid block with the stand-
ard technique for an emergency cesarean section, where the patient
with SARS-CoV-2 infection presented signs of pneumonia on chest
tomography, oxygen saturation of 92-93% and normal coagulation
tests. Surgery went smoothly, except for the presence of cough, tran-
sient hypotension, and tachycardia (greater than 138 beats per mi-
nute) during surgery. Postoperative analgesia was performed
through the inserted epidural catheter. The patient and the newborn
were negative for SARS-CoV-2 infection on the third and fifth day
of surgery and none of the doctors who intervened in the procedure
was infected.

Zhong Q et al.% reported the use of spinal anesthesia, specifically
subarachnoid block, in 49 patients with clinical and radiological data
of COVID-19 and confirmation of SARS-CoV-2 infection by re-
verse transcription-chain polymerase reaction, in 26.5% of cases in
which emergency cesarean section or orthopedic surgery was per-
formed. All of the patients presented mild respiratory symptoms,
53.1% fever, and none presented thrombocytopenia. Before spinal
anesthesia, prophylactic antiemetics were administered; however,
6.1% of the cases presented vomiting. All of the patients had an ad-
equate clinical and postoperative course since none of the patients
developed severe pneumonia or died from COVID-19.

Regarding healthcare personnel, after administration of subarach-
noid blocks in which 44 anesthesiologists participated, five of them
wete positive for SARS-CoV-2 infection. When analyzing the type
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of personal protective equipment they used, it was observed that
four of the seven anesthesiologists who used category 1 personal
protective equipment (57.1%) and only one of the 37 anesthesiolo-
gists who used category 3 personal protective equipment (2.7%)
were infected, therefore, the use of category 3 personal protective
equipment shows a relative risk reduction of 95.3% (95% confidence
interval: 63.7 to 99.4).

In general, most of the authors agree that regional techniques are
less risky for both patients and healthcate personnel, provided that
the clinical conditions of each patient and personal protection
measures are taken into consideration.

Peripheral nerve block

If ultrasound-guided peripheral nerve block is performed, all equip-
ment must be protected (transducer, display, and keyboard). In the
case of the transducer, plastic camera covers can be used, and trans-
patent bags can be used to cover the fluoroscopes since, in addition
to protection, it allows for proper manipulation of the controls and
the image display.

Sedation should be administered judiciously (since patients with
SARS-CoV-2 infection have limited lung function), and the use of
full-face masks is recommended, taking care to use the lowest pos-
sible flow of oxygen to maintain adequate saturation. Since the dis-
persion distances of exhaled air increase with increasing oxygen flow
(lateral distances of 0.2; 0.22; 0.3 and 0.4 m from the sagittal plane
during oxygen supply at four; six; eight and ten liters per minute re-
spectively), and always monitoring expired carbon dioxide.

The use of nasal cannulas is not recommended due to possible aer-
osolization with oxygen flow>. As much as possible, peripheral
blocks that can reduce lung capacity should be avoided, such as in-
terscalene blocks that can potentially cause diaphragmatic hemipare-
sis or those that can cause pneumothorax, including supraclavicular
block and infraclavicular block. If it is decided to use them, the risk-
benefit ratio must be assessed, reducing the dose, volume or both,
of local anesthetics—and always ultrasound-guided to not affect the
ventilatory mechanics. Likewise, it should be taken into account that
the usual complications of these procedutres may arise and that air-
way manipulation may be required, so the necessary material and
equipment must be available.

Conclusions

The COVID-19 pandemic has led to a rethinking of health systems,
as currently, the number of cases is steadily increasing without suffi-
cient hospital capacity, supplies, or human resources for their care.

Anesthesiologists, being expetts in airway management, on the one
hand, face an overload of work with the constant increase in patients
infected with SARS-CoV-2 that warrant intubation and mechanical
ventilation, and, on the other, patients with pathologies that due to
their severity warrant short-term, emergency or urgent surgical inter-
ventions. However, even when clinical activities become strenuous,
health personnel have not stopped transmitting their experience and
the results of the constant clinical and molecular research that they
carry out every day to attempt to improve patient care, for patients
suffering from a disease, which was unknown until a few months
ago, and which in certain cases can be fatal.

MEB A

The knowledge available so far has led to the recommendation to
postpone elective surgeries for no more than six to eight weeks ac-
cording to the clinical conditions of the patients, and in the case of
urgent or emergency surgeries, to establish a series of self-protection
strategies for healthcare personnel, and for optimal patients care and
management, given the risk involved in performing some medical
procedutes.

No doubt that new evidence emerging every day throughout the
wotld will be most useful for healthcare professionals who face, or
are about to face, similar situations, and each new experience and
each discovery can either reinforce or refute the currently available
guidelines and recommendations.
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