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Abstract The recent outbreak of the coronavirus disease (COVID-19) is a health emergency

all over the world. Several health care professionals are currently putting their best
efforts to deal with this situation. The aim of this review is to report insights from the
literature and “on the field” experience in clinical management of critical COVID-19
patients. Respiratory support varies from high flow nasal cannula (HFNC) to noninva-
sive and invasive mechanical ventilation, often associated with nitric oxide, prone posi-
tion, and extracorporeal membrane oxygenation (ECMO). Experienced specialists have
to manage the airways minimizing any contamination and virus spread. The hemody-
namic management of critical COVID-19 patients requires not only an accurate fluid
strategy, but also an appropriate use of vasopressors and inotropes. Various adjuvant
treatments have been proposed: antiviral drugs, immunomodulators, anticoagulants,
antibiotics, and nutrition.
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Introduction sense ribonucleic acid (RNA, 26-32 kilobases) genome virus of
the family Coronaviridae, has been determined as bats to bats
coronavirus with a 96% identical whole-genome.? The disease
is transmitted largely by inhalation of respiratory droplets, but
the contagion can spread by contact with infected surfaces and
mucous membrane.* Patients older than 60 years are at higher
risk than younger ones: children may show milder symptoms
or even asymptomatic infection. A gender predisposition exists,

with higher incidence in men than in women.> Among adult

At the end of 2019 in Wuhan, China, a novel coronavirus, for-
mally named as severe acute respiratory syndrome coronavirus
2 (SARS-CoV2), was identified as the causative pathogen of a
coronavirus disease (COVID-19) that presents as bilateral inter-
stitial pneumonia.! This SARS-CoV?2 is a major threat to public
health: asof April 21,2020, worldwide death toll exceeds 175,812
casualties, and there have been 2,546,527 confirmed cases
with growing incidences.? The source of SARS-CoV2, a positive
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Clinical Management of Critical COVID-19 Patients

patients who develop COVID-19, cardiovascular disease and
hypertension are the most common associated comorbidity,
followed by diabetes mellitus.5” The median incubation period
is 5 days (range: 2-14).8 The proportion of individuals infected
by SARS-CoV2 who remain asymptomatic throughout the
course of infection has not yet been definitely assessed.’ Initial
clinical presentation of COVID-19 is characterized by symptoms
of upper respiratory tract infections with fever, dry cough, nasal
congestion, fatigue, and headache; recent studies reported gas-
trointestinal symptoms.!® The infection can progress in 2 weeks
to a severe pneumonia with dyspnea, chest symptoms, and
impairment of gas exchanges with severe hypoxic respira-
tory failure and acute respiratory distress syndrome (ARDS).1°
Approximately 40% of severe COVID-19 patients may present
with neurological manifestations (=Table 1).!"'2 Bilateral infil-
trates appear at the chest X-rays, and computed tomography
(CT) scans show ground glass abnormalities, patchy consolida-
tion, alveolar exudates, and interlobular involvement, though
no radiographic or CT abnormality was found in up to 18% of
patients with nonsevere disease.'>'* Lung ultrasound is strongly
suggested as diagnostic and monitoring tool to detect subpleu-
ral consolidation and lung interstitial syndrome pattern before
development of hypoxemia.'® Leukopenia and lymphopenia are
common and related to a worst prognosis. Inflammatory mark-
ers (C-reactive protein, fibrinogen, and proinflammatory cyto-
kines) are elevated. Liver enzymes (alanine aminotransferase,
aspartate aminotransferase), lactate dehydrogenase, creatinine
kinase, and D-dimer levels are increased, while platelet count
is low.” Evidence and individual experience in the treatment
of critical COVID-19 patients are evolving in real time, and the
extensive reorganization of hospital resources often involve
human resources and professionals who are generally dedi-
cated to specific subspecialties as neuroanesthesiologists and
neurointensivists.

The aim of this review is to report insights from the litera-
ture and “on the field” experience in clinical management of
critical COVID-19 patients. Information on respiratory sup-
port, fluid therapy, hemodynamic adjuvant treatments, and
nutrition will be included.

Respiratory Support

Oxygen therapy is indicated in patients who present with
peripheral blood oxygen saturation (SpO,) <90% and is

Table 1
Central nervous system

Nervous system symptoms

Dizziness

Headache

Impaired consciousness

Acute cerebrovascular disease

Ataxia

Seizure

Peripheral nervous system

Impairment taste, smell, vision

Nerve pain

Skeletal muscle injury

Alessandri et al.

necessary in 14% of hospitalized patients, while 5% of these
develop a severe acute respiratory failure that impose
mechanical ventilation.'® The fraction of O, delivered should
be titrated to maintain SpO, at 92 to 96%."” Acute respiratory
failure in COVID-19 is due to an interstitial bilateral pneu-
monia that can rapidly evolve into severe ARDS. Considering
the short timeline of clinical deterioration presented in some
patients, it is necessary to warrant appropriate monitor-
ing for those with symptomatic hypoxia (SpO,/fraction of
inspired oxygen [FiO,] ratio, respiratory rate, etc.)."® Current
clinical practice is based, at the most, on evidence collected in
ARDS caused by other pathogens and not specifically suited
for COVID-19, and is therefore nonspecific and continuously
evolving.!® Treatment includes noninvasive support with high
flow nasal cannula (HFNC), noninvasive and invasive venti-
lation, and—in selected cases—rescue ventilatory therapies
that include prone position (PP), use of inhaled nitric oxide
(iNO), and extracorporeal membrane oxygenation (ECMO).

High Flow Nasal Cannula

HENC provides oxygen more effectively with the use of FiO,
up to 1.0 and fresh gas flow ranging from 30 to 60 L/min.
The improvement in partial pressure of oxygen (PaO,) and
the associate reduction of “dead space” facilitates CO, wash-
out with lower positive end-expiratory pressure (PEEP) lev-
els, which allows to optimize, at the most, the ventilation in
spontaneously breathing patients and minimizes the cardio-
vascular impact of ventilator support.?> Whether health care
professionals, exposed to HFNC, are at an increased risk of
developing the disease is not entirely clear.?'?? This approach,
so long supported by limited published evidence, in our expe-
rience reduces the number of patients that requires intuba-
tion and invasive mechanical ventilation. In a previous study,
functional residual capacity of patients treated with HFNC
combined with awake PP was assessed with electrical imped-
ance tomography; patients in PP showed a more homoge-
neous distribution of end-expiratory lung impedance (AEELI)
than in supine position.?> Some patients hospitalized in our
department were treated with HFNC combined with awake
PP and this successfully increased dorsal lung recruitment. In
a rapidly evolving pandemic, the effort to save and optimize
limited resources—such as the use of mechanical ventilators
and intensive care unit (ICU) beds—has a great importance
and can ultimately increase the overall survival rates.

Noninvasive Ventilation

Noninvasive ventilation (NIV) has been effectively applied in
different respiratory failure settings, like chronic obstructive
pulmonary disease exacerbations or cardiogenic pulmonary
edema, reducing muscular fatigue, the need of endotracheal
intubation, the rate of ventilator-associated complications,
and mortality.* However, in acute hypoxic respiratory failure
like pneumonia and ARDS, the level of evidence is low.” In
adults with COVID-19 and acute hypoxemic respiratory fail-
ure, if HFNC is not available and there is no urgent indication
for endotracheal intubation, an early support trial with NIV
or continuous positive airway pressure is suggested.?’ Helmet
is commonly considered more comfortable than mask,
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especially when continuous support is required.?® A close
monitoring of respiratory rate and SpO, is recommended
to avoid any delay in threatening acute respiratory worsen-
ing.?° Furthermore, the role of an assisted ventilation mode
could be potentially counterproductive because of the risk
of overinflated lung, when patients generate high negative
intrathoracic pressures (patient “self-inflicted” lung injury).?’
Despite inconclusive evidence, a hidden and unmeasured
superimposed level of transpulmonary pressure increases
lung inflammation and biotrauma or barotrauma. It is now
also clear that in patients in whom increasing levels of
PEEP are used, lung overdistension induces a hemodynamic
impairment.?®

Intubation

Appropriate procedures for COVID-19 patients’ intubation
should be designed to effectively provide optimal care to
the patients along with adequate protection of the involved
health care providers in settings that in some cases are subop-
timal due to the high rate of case load.?**° It is recommended
that when intubation is required, rapid sequence anesthesia
induction should be accomplished immediately after pre-
oxygenation while the patient is spontaneously breathing
to warrant the best possible oxygen reserve. Preventilation
through a “to and fro” circuit should be avoided or limited
to reduce virus aerosolization (=Fig. 1). Furthermore, experi-
enced health care provider should be selected, to be effective
at the first attempt. The use of videolaryngoscope is recom-
mended, and no more than a second operator should assist to
minimize the risk of virus contamination; intubation under
a plastic sheet or airway box could be useful to minimize
aerosolization.?! During fast-track induction, hypnotic drugs

and neuromuscular blocking agent should be at an appro-
priate dose and injection rate to provide the fastest loss of
consciousness and to prevent—at the most—a drop in arterial
blood pressure. In case of unpredicted difficult intubation,
percutaneous cricothyrotomy should be early considered.

Invasive Mechanical Ventilation

Although the clinical features of a severe ARDS are proved
by an acute refractory hypoxemia and bilateral infiltrates
at the chest imaging, most of the COVID-19 patients pres-
ent high respiratory compliance with plateau pressures
(P,,) that does not exceed 30 cmH,0. Extensive intrapul-
monary shunt and the loss of lung perfusion regulation
along with hypoxic pulmonary vasoconstriction have been
reported as possible underlying mechanisms.?® Available
guidelines recommend to use protective ventilation with
low tidal volume of 6 mL/kg of predicted body weight and
a P, limited to 30 cmH,0, inspiratory flow 50-70 L/min
with end-of-breath pause of 0.2 to 0.5 second, inspira-
tory:expiratory (I:E) ratio from 1:1 to 1:3, respiratory
frequency of 20 to 35 breath/min, and to maintain a pH
of 7.3-7.5. If the pH is <7.30, the respiratory frequency
should be increased up to 35/min; if the pH is >7.5, the
respiratory rate should be progressively reduced to the
target pH range. In mechanically ventilated patients,
the target SpO, should be set to attain values in the
92 to 95% range; therefore, optimal FiO, and PEEP should
be determined aiming to avoid hemodynamic conse-
quences with PEEP-induced reduction of cardiac output. In
our experience, the used PEEP value is determined driven
not only by lung compliance but also by including the bal-
ance between optimizing oxygenation and the best lung

Fig. 1 Donning and doffing personal protective equipment (PPE) for aerosol-generating procedures. (A) Donning begins by hands cleaning with hand
sanitizer. (B) PPE include alcohol-based hands sanitizer, gowns, two pairs of gloves, medical mask and eye protection (goggles or face shield),

and shoe covers. (C) Apply the face mask safely and fit flexible band to nose bridge and check that breathing is filtered by the mask. (D) Doffing is
accomplished under the guidance of a dedicated operator. (E) Gloves are removed preserving underneath sterility (F) Health care provider ready

to work.
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perfusion that associates with stable hemodynamic condi-
tions. Peak PEEP values limited to 10 to 12 cmH,0 are now
used in several Italian centers.?233

Rescue Ventilator Therapies

In patients with ARDS, several rescue ventilator therapies
have been tested to “buy time” to blunt the inflammatory
response and to facilitate the reaction of the immune system;
these include PP, iNO, and ECMO.>*

The use of PP in moderate-severe ARDS patients with PaO,/
FiO, <150 mm Hg, a ventilation strategy optimizing ventilation/
perfusion mismatch (V/Q) and improving dorsal lung recruit-
ment after at least 12 to 16 hours has been proven to be effec-
tive by PROSEVA.* In patients with COVID-19 who present with
ground glass opacities and predominantly basilar consolidation
in the posterior lung parenchyma, PP is indicated by current
guidelines.?® As reported in the literature and according to our
experience, in patients with high pulmonary compliance, the
long-term clinical benefits of this strategy is limited.>? This is a
relevant aspect considering the high work load and health care
resource utilization needed to realize PP2¢*” Furthermore, the
health care providers involved in PP need appropriate training
to minimize the associated complications such as displacement
of vascular lines and endotracheal tube, pressure sores, facial
edema, corneal abrasions, brachial plexus injury.3637

Experience on the use of iNO and ECMO in COVID-19
patients is extremely limited. Routine use of iNO is discour-
aged; it should be tested on patients who present refrac-
tory severe hypoxia, and if ineffective should be gradually
down-titrated and progressively stopped.? Clinical experi-
ence with ECMO in COVID-19 patients is very limited. In our
center, it has been used with a “compassionate approach”
based on the experience gathered in ARDS patients. The
limited results collected so long do not allow to draw final
conclusions, and ECMO use should be limited to extremely
serious patients to be referred to specialized centers.?83°

Fluid Therapy and Hemodynamic
Management

Perfusion is a key point in the pathogenesis of septic shock
and inflammation. Although the pathophysiological mecha-
nisms leading to organ failure during sepsis remain poorly
understood, the impairment of tissue perfusion is a key point
in inflammation during septic shock. Alterations of microcir-
culatory perfusion are associated with organ failure severity
and mortality in systemic inflammatory response syndrome
and septic shock patients.*

Optimization of the hemodynamic conditions in crit-
ical COVID-19 patients is of paramount importance con-
sidering that at hospital admission they often present
with severe dehydration and hypovolemia associated with
reduction of cardiac output that can be further aggravated
by the use of high PEEP values.* The ARDS Network sec-
ondary analysis and a recent metanalysis on conservative
versus liberal fluid management have not demonstrated
differences in mortality rate when either approach is
used.*>* The same study proved that patients treated with

Alessandri et al.

“conservative” strategy had more ventilator-free days and
shorter ICU stays than patients assigned to “liberal” fluid
management. To keep lungs “dry” while maintaining organ
perfusion is the optimal target fluid therapy in ARDS and
in the approach currently indicated by literature evidence
and followed in our center. Lack of specific recommenda-
tions for COVID-19 patients imposes to follow the fluid
therapy general management guidelines for critically ill
patients: buffered/balanced crystalloids are preferred
over unbalanced crystalloids and saline 0.9% solution is
the reference option in limited resources environment.?°
Use of hydroxyethyl starches is contraindicated for the
possible additional risk of renal function impairment and
higher mortality. Aggressive fluid administration may
worsen ventricular function especially in patients with
severe ARDS as acute myocardial infection and myocardi-
tis are common during severe influenza A or B virus infec-
tion.**4¢ Acute kidney injury was uncommon in COVID 19.
SARS-CoV2 infection does not aggravate chronic kidney
disease in uncommon in COVID-19, and in 116 patients
admitted in an infectious disease Chinese department, but
no data are referred for patients in ICU Delete this high-
light.’ In our center, we too noticed an early rise in cre-
atinine and urea that could be associated to the cytokine
lung-kidney crosstalk with an important impairment of
renal function and need of renal replacement therapy.*34°
The use of vasopressors and inotropic agents is nec-
essary when mean arterial blood pressure is <60 mm Hg
and organ perfusion is compromised. Norepinephrine is
the vasopressor agent of choice for patients with shock.
Combined strategy with vasopressin can be suggested to
reduce the dose of norepinephrine. Dobutamine is the
inotropic drug in case of low cardiac output. Low-quality
evidences concern corticosteroids therapy to reverse
refractory shock.?’ Ultrasound-dynamic serial evaluation of
the global cardiac function is easy, cheap, noninvasive, and
bedside. It is useful to set the right continuous monitoring
tool for COVID-19 patient assessment. Central venous oxy-
gen saturation sampled at the edge of the venous central
line is a measure of cellular metabolism and its impair-
ment. Swan-Ganz catheter is an invasive device able to
collect different information about pulmonary pressures,
systemic and pulmonary resistances, cardiac index, aero-
bic metabolism, and mixed venous oxygen saturation.*°

Adjuvant Treatment and Nutrition

Antiviral agents, various immunomodulators (interleukin
6 [IL-6] inhibitors, steroids, chloroquine, plasma transfusion),
antibiotics, and thromboprophylaxis therapies have been
administrated to support the immune function and to pre-
vent complications.>! Appropriate nutrition plays a meaning-
ful role in immunomodulation therapy and therefore should
be considered among the prescribed treatments.

Antiviral Drugs
Several classes of antiviral drugs have been tested. Lopinavir

is a protease inhibitor that blocks viral replication while
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Ritonavir enhances Lopinavir levels inhibiting its CYP3A-
dependent metabolism. A combination of Lopinavir and
Ritonavir contributes to improve clinical condition of
SARS-CoV patients and might be an option in COVID-
19 infections; however, the benefits are associated to an
early use.>? Remdesivir inhibits RNA-dependent RNA poly-
merase complex and shows a broad-spectrum antiviral
activity against several RNA viruses with great potential
to treat coronavirus, but no conclusive evidence has been
yet proven.> Other antivirals such as neuraminidase inhib-
itors (oseltamivir, peramivir, zanamivir, etc.) or antiviral
nucleoside analogues (ganciclovir, acyclovir, and ribavirin)
commonly used during influenza have not been proven
beneficial in COVID-19 patients.’! The use of antivirals in
our ICU, also considering specific evidences are lacking,
is limited in patients who present with liver impairment
and metabolic acidosis possibly related to cytochrome
interference.

Immunomodulators

In the considerable release of proinflammatory cytokines,
IL-6 might play a key role; interfering with IL-6 inflam-
matory cascade seems to provide a potentially benefi-
cial therapeutic approach in critical COVID-19 patients.
Tocilizumab, a humanized anti-interleukin-6-receptor
(IL-6R) monoclonal antibody that inhibits IL-6 signaling
and is commonly used as treatment in rheumatoid arthri-
tis, has been successfully tested on COVID-19 patients.>*>>
The use of steroids in patients with COVID-19 is not rou-
tinely recommended and there is evidence of associated
lung injury.>® However, in hyperinflammation syndrome,
associated to some viral infections, immunosuppression
is likely to be beneficial and could reduce mortality.>’
Chloroquine, an established antimalarial drug, has been
proposed to block viral infection by a pH-dependent inhi-
bition of several virus replication like SARS-CoV; it seems
to interfere with glycosylation of cellular receptors of
SARS-CoV and has immunomodulatory effects, suppress-
ing the production/release of tumor necrosis factor-o and
IL-6. Available clinical evidences on chloroquine are based
on nonrandomized studies and its use in routine treat-
ment remains controversial.>® Infusion of convalescent
plasma containing neutralizing antibody in a case series of
five patients was recently published showing encouraging
improvements in their clinical status, but further investi-
gation needs to define this treatment.>

Antibiotics

The use of antibiotic treatment is often necessary for pro-
phylactic and therapeutic reasons. Associated to other
therapies, antibiotics are indicated not only to prevent
superinfections, but also some of them have a recognized
antiviral effect, concurring to block the viral ingress.
Teicoplanin, a glycopeptide antibiotic, provides promising
prospective for the prophylaxis and treatment of SARS-
CoV2 infection—since it could prevent the entry of some
envelope pseudotyped viruses into the cytoplasm and

Journal of Neuroanaesthesiology and Critical Care Vol. 7 No.2/2020

inhibits the effects on transcription- and replication-com-
petent virus-like particles.® Azithromycin is active in
vitro against different viruses and prevents severe respi-
ratory tract infections.! In a recent study, the association
treatment of azithromycin with hydroxychloroquine was
significantly more efficient in reducing viral load than
hydroxychloroquine alone, with particular caution to QT
prolongation.®?

Anticoagulants and Thromboprophylaxis
Thrombocytopenia, prolongation of the prothrombin time
[PT]/international normalized ratio, partial thromboplas-
tin time, elevation of D-dimer, and decrease in fibrino-
gen levels are common laboratory markers in COVID-19
patients. Excess thrombin generation and fibrinolysis
shutdown, which indicated a hypercoagulable state in
patient with infection, induced disseminated intravascu-
lar coagulation (DIC). A higher D-dimer and PT on admis-
sion are associated with poor prognosis in patients with
COVID-19.2

Despite effectiveness, anticoagulant therapy for sepsis-
associated DIC is still controversial. Low-molecular-weight
heparin (LMWH) is the most commonly used anticoagulant
in our hospital for preventing DIC and venous thromboem-
bolism in patients. Prescribed LMWH is 100 U/kg/day in
patients with normal renal function and is reduced in those
that present renal impairment. Antithrombosis prophylaxis
and the associated clinical effects should be monitored cau-
tiously to avoid extremes such as bleeding or thrombosis.5*%

Nutrition

The immunomodulatory effect of the wide lymphoid
bowel tissue in the human body is meaningful, and arti-
ficial nutrition has to be considered as a priority in the
therapeutic strategy. Artificial nutrition should be started
within 72 hours after admission, whenever expected to
last longer than 48 hours, and tailored to patient’s needs.
Enteral nutrition is, whenever feasible, the preferred
choice. Daily calorie requirement should be reached
within 48 hours, otherwise the combined use of enteral
and parenteral nutrition is indicated. Calories should
be divided according to the needs of the critically ill, as
usually prescribed in patients with pneumonia: protein
3 g/kg/day, carbohydrates 2 g/kg/day, and lipids 1.5 g/
kg/day. Immunonutrients such as arginine, nucleotides,
or glutamine w-3 fatty acid could have a role in reduc-
ing systemic inflammation and the level of cytokines, but
further investigations are needed. The use of probiotics
as support treatment is indicated to improve tolerance to
enteral feeding, to normalize gut microbiota, and to pre-
vent bacterial translocation.5>6¢

Discussion

In this “real time” review are reported insights from the
literature and from “on the field” experience in the clin-
ical management of critical COVID-19 patients. Relevant
aspects of airway management and mechanical ventilation
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strategies, hemodynamic and fluid therapies, adjuvant
treatments, and nutritional recommendations are pre-
sented. Guidelines available on COVID-19 are mostly based
on evidence acquired for similar diseases and are rapidly
evolving. Italy is the first developed country that faced a
rapid spread of SARS-CoV2 pandemic and the experience
in the north part of the country proves that numerous
patients required ICU treatment.’” Out of 1,591 patients
included in a study, 1,287 (99% [95% confidence interval,
98-99%]) needed respiratory support, 1,150 (89%) received
mechanical ventilation, and 137 (11%) received NIV. The
median PEEP was 14 (interquartile range [IQR], 12-16) cm
H20, and FiO, was greater than 50% in 89% of the patients.
The median PaO,/FiO, was 160 (IQR, 114-220).57

Presented indications are consistent with literature pub-
lished since the beginning of COVID-19 outbreak and with
the experience in our center. Research and experience on
SARS-CoV2 are ongoing, and the optimal treatment for
COVID-19 patients is not completely clear at the moment
we are writing this paper. The strength of our experience
is based on everyone’s work and on the tight attention to
details, which is—at large—the essence of daily effort in the
clinical management of ICU patients. Of great importance is
the multidisciplinary approach and the teamwork. Several
professionals are involved and include emergency physician,
intensivist, anesthesiologist and infectious disease special-
ists, pneumologists or pulmonologists, cardiologists, and
the other health care providers. At the Policlinico Umberto
I, we have organized a pool of professionals—the “COVID-19
team”—to ensure the best possible assistance and harmo-
nized work as in an orchestra. This approach allowed us to
face all together this extraordinary event.

In conclusion, the spreading of COVID-19 pandemic infec-
tion associates with a steep increase in patients presenting
with critical clinical conditions and who require advanced
and intensive care support. The extensive hospital reorga-
nization involved various professionals’ competences that
are usually selectively dedicated to specific subspecialties,
including neuroanesthesiologists and neurointensivists.
Insights for clinical management presented in this review can
provide a background and easily accessible workup for anes-
thesiologists and intensivists called to respond to a world-
wide health care emergency.
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