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Abstract
In critically ill COVID-19 patients, proper management of sedation is an important
issue. Therefore, for this purpose, several strategies and protocols have been proposed.
In this paper, we illustrate an approach focused on lung damage, and both the
pharmacokinetic and pharmacodynamic profiles of drugs used. In line with this, during
high flow nasal (HFN), continuous positive airway pressure, or non-invasive ventilation,
dexmedetomidine-based light sedation can be helpful for maintaining the respiratory
driving and improving the patient comfort. Aworsening in the respiratory clinical picture
with mechanical ventilation may require deep sedation with the use of clonidine. The
latter may reduce the hypnotic doses, allowing improved hemodynamic stability. When
respiratory performance improves, dexmedetomidine can replace clonidine to reduce the
time to extubation.
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1. Introduction

Since the main characteristic of COVID-19 is its evolutionary
potential, understanding the correct pathophysiology of the
disease is crucial in establishing the most appropriate treat-
ment. Progression of COVID-19 pneumonia can lead to the
development of a time-related disease spectrum within two
main “phenotypes” regarding lung involvement. As Gattinoni
et al. [1] proposed, the Type L phenotype is characterized
by low elastance (i.e., high compliance), low ventilation-to-
perfusion ratio, low lung weight, and low recruitability. On
the other hand, the Type H has high elastance, high right-to-
left shunt, high lung weight, and high recruitability.
In patients with severe acute respiratory distress syndrome

(ARDS), mechanical ventilation (MV) is aimed at improving
gas exchange, oxygen transport, and tissue oxygenation, lim-
iting ventilator-induced lung injury (VILI), potentially associ-
ated with prolonged ventilation.
Management of sedation represents an issue to be addressed

and several strategies have been proposed [2, 3]. These ap-
proaches can be based on the use of multiple drugs. In
critically ill patients, intravenous sedatives such as propofol,
remifentanil, α2-adrenergic receptor (α2-AR) agonists, and
benzodiazepines, or volatile agents such as sevoflurane, and
isoflurane can be used. Since the serotonin system plays a
key role in modulating the sleep/wake cycle, and in genesis of
delirium [4], the anti-serotonin agent cyproheptadine should be
considered for sedation in COVID-19 patients. Furthermore,

at least theoretically, this drug could be helpful in reducing
the risk of pulmonary fibrosis [5]. Nevertheless, according
to the recent Pain, Agitation/Sedation, Delirium, Immobility
and Sleep disruption (PADIS) guidelines [6], the use of strict
protocols that are applicable for all patients is not recom-
mended [3]. According to the stage of the disease, a patient can
require different levels of sedation. If we consider Gattinoni’s
model valid, during the L phase, high flow nasal (HFN),
continuous positive airway pressure (CPAP) or non-invasive
ventilation (NIV) must be assured; although sedation is helpful
for reducing stress, the maintenance of the respiratory drive
is mandatory. Light sedation [Richmond Agitation-Sedation
Scale (RASS) 0 to -1] is a key component of the multi-
interventional approach that includes optimal analgesia and
goal-directed minimal sedation. Probably, in this phase, the
highly selective α2-AR agonist dexmedetomidine (DEX) may
represent an optimal choice, because it allows the patient to
adapt to HFN, CPAP or NIV, preserving optimal hemodynamic
stability (by reducing cardiac work and stress), and maintain-
ing the respiratory drive. Several investigations demonstrate
the advantages of DEX in COVID-19 patients. Paternoster
et al. [7], for example, used this sedative to allow awake
pronation with helmet CPAP outside the ICU.
A further increase of the inflammatory response leads to the

H phase where the respiratory picture declines. In this stage,
the patient should be treated as severe ARDS; therapy includes
higher positive end-expiratory pressure (PEEP), if compatible
hemodynamically, and the use of prone positioning. The
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158TABLE 1. Pharmacokinetics and pharmacodynamics of clonidine and dexmedetomidine [9, 10].
Clonidine Dexmedetomidine

Pharmacokinetics

Absorption and distribution

Administered orally, it is well absorbed and exhibits a minor first pass
effect.

Intravenous administration.

Peak plasma concentration reached in 1–3 hrs. Two-compartment distribution model with rapid distribution phase and
distribution half-life (t1/2α) of approximately 6 minutes.

It is rapidly and extensively distributed to tissues and passes both the
BBB and the placenta.

Clearance: 0.46–0.73 L/h/kg.

Plasma protein binding is 30–40%.
Plasma PK is similar after >24 h infusion and is linear with no
accumulation in treatments lasting up to 14 days (dose range 0.2–1.4
µg/kg/h).
Plasma protein binding is 30–40%.

Metabolism and elimination The elimination half-life of clonidine ranged 6–20 hrs (up to 41 h in
patients with severe renal dysfunction). About 70% of the administered
dose is excreted in the urine, mainly in unchanged form (40–60%). The
major metabolite (p-hydroxyclonidine) is inactive.

It is eliminated primarily through hepatic metabolism (N-
glucuronidation, N-methylation, and oxidation by cytochrome P450).
The metabolites have negligible pharmacological activity.

Pharmacodynamics
The action is mainly carried out at the level of the CNS, with reduction
of sympathetic tone and peripheral resistance, heart rhythm, and blood
pressure. The renal plasma flow and glomerular filtration remain
unchanged. Normal postural reflexes do not change.

Highly selective for α2-receptors with an α2 : α1 ratio of 1620 : 1.
Sympatholytic effect through inhibition of the release of norepinephrine.
Sedative effects due to decrease in the discharge activity of the LCN.
Cardiovascular effects depend on the dose; at lower infusion rates, the

Compared to dexmedetomidine, it has fewer sedative properties (600
times lower).

central effects predominate with a decrease in heart rate and blood
pressure. At higher doses, there is peripheral vasoconstrictor effects
with an increase in systemic vascular resistance and blood pressure.

Legend: BBB, blood-brain barrier; CNS, central nervous system; PK, pharmacokinetics; LCN, locus coeruleus norepinephrine.
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required invasive MV imposes deep/heavy sedation (RASS
-3 to -5) through the use of hypnotic and analgesic drugs.
This degree of sedation is also required to avoid unintentional
self-extubation and to guarantee the prone positiong when
required. Although in this early phase of severe ARDS, the
Rapid Practice Guidelines recommended the use of neuromus-
cular blocking agents (NMBAs) to optimizeMV [2], strategies
of analgesia/sedation for lung protective ventilation without
NMBAs should be carefully considered to improve patient
outcomes [3].
Deep sedation requirements are likely related to younger

age, high respiratory drive, and intense inflammatory
responses; this translates into the need to administer
combinations of multiple agents [8]. Consequently, a
multimodal patient-centered approach is required but the
combination and dosage of drugs used must be appropriately
calibrated [8]. In this context, in combination with propofol—
and with or without remifentanil—clonidine can replace
DEX. Since compared to DEX, clonidine has fewer sedative
properties (600 times lower), it can reduce the hypnotic dose,
guaranteeing improved hemodynamic stability, and delirium
prevention [9, 10] (Table 1).
Thus, the cornerstone in treatment becomes drug synergism

that improves the therapeutic window and avoids side effects
[11].
Subsequently, as respiratory mechanics improve, it is neces-

sary to reduce the level of sedation [12]. In this state, a strategy
of light sedation can reduce the time to extubation with bene-
ficial effects on sedation-induced complications. Since seda-
tives with drug accumulation effects should be avoided, DEX
alone appears to be the best choice, shortening the duration
of MV and improving patient comfort [13]. This drug could
also exert anti-inflammatory effects [14]. Zhao et al. [15] for
instance, underlined the potential effect of DEX in ameliorat-
ing the SARS-CoV-2-induced cytokine storm [16]. DEX also
has important anti-delirium [17] and opioid-benzodiazepine-
sparing properties [18].

2. Proposed strategy

We propose an approach to sedation which is tailored to the
degree of lung impairment, pharmacokinetics (PK) and phar-
macodynamics (PD) drug profiles. The transition from min-
imal sedation to deep/heavy sedation, and vice versa, can be
performed in line with the different phenotypes of COVID
pneumonia (Type L and TypeH). Consequently, different seda-
tives can be adopted according to their PK and PD properties.
In brief, the Type L lung phenotype may require a DEX-based
light/moderate sedation for maintaining the respiratory drive
and improving patient comfort. A decline in the respiratory
picture featuring the Type H, is addressed through MV and
deep sedation. In this stage, clonidine can be preferred to DEX
because it has fewer sedative properties (600 times lower), and
can reduce the hypnotic dose. Finally, when the respiratory
performance improves, restoring of the DEX-based light seda-
tion can reduce the time to extubation with beneficial effects
on sedation-induced complications (Fig. 1). This ‘dynamic’
strategy can also allow synchronization the level of ventilator
support to the target of sedation.

The PADIS study group has already proposed a dynamic
strategy [3]. Their pathway involved a four-level model of se-
dation including the minimal, mild (RASS -1 to +1), moderate
(RASS -2 to -3), and deep (RASS -3 to -5) level. It provided
the use of analgesics or low-dose sedatives as the first step,
and propofol with or without DEX, or in selected cases (e.g.,
those who are refractory to propofol or DEX) benzodiazepines,
anti-psychotic agents, or volatile anesthetics. However, in
this model the drugs are used at different dosages and based
on patient symptoms and not in agreement with the PK/PD
properties.

3. Open issues

Several open issues remain to be solved. For instance, what
Czepiel et al. [19] reported about the occurrence of DEX-
associated hyperpyrexia in three critically ill COVID-19 pa-
tients must be verified.
A particularly important aspect concerns the medication of

choice for sedation. This decision is usually made accord-
ing to the PK/PD features which include, for instance, the
context-sensitive half-life analgesic properties, and potential
respiratory depression. Nevertheless, PK/PD is only one part
of those characteristics. Furthermore, in critically ill patients,
the PK/PD profile will change due to various reasons such as
renal function, drug interaction, and acute tolerance.
Nevertheless, the major concern regards the inclusion of the

Type L and Type H phenotypes for COVID-19 pneumonia and
the evidence to support these. To date, pieces of evidence
are not enough for sufficiently adding this phenomenon to the
chapter of the pathophysiology of the disease. Nevertheless,
pending further research results, we are highlighting this part
of the literature on the issue, and our experience in the field of
critically ill patient sedation and COVID-19 management.

4. Conclusions

In critically ill patients, the choice of the more accurate se-
dation strategy is a major issue. Although PK/PD properties
are helpful in planning an appropriate treatment regimen, ad-
ditional factors, mostly related to patient co-morbidities and
therapies administered, must necessarily be addressed. In the
COVID-19 patients, additional difficulties arise. Some of them
are linked to the different stages of the disease. We propose a
dynamic approach to the sedation problem which is tailored to
the degree of lung impairment.

AUTHOR CONTRIBUTIONS

ADG, GM and MC designed the study and collected the data.
EDB drafted the manuscript. AR and MCT revised it critically
for important intellectual contents. All authors approved the
final version to be published.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

Not applicable.



160

FIGURE 1. The three step sedation model. (A) The L-Type lung phenotype may require light sedation through
dexmedetomidine for maintaining the respiratory drive and improve patient comfort. (B) A worsening in the respiratory picture
(Type H) may require mechanical ventilation. It imposes deep sedation through hypnotic and analgesic medications. Compared
to dexmedetomidine, clonidine has fewer sedative properties (600 times lower); it can reduce the hypnotic dose, providing better
hemodynamic stability. (C) When respiratory performance improves, dexmedetomidine-based light sedation can reduce the time
to extubation with beneficial effects on sedation-induced complications and potential anti-inflammatory effects.
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