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INTRODUCTION

Currently, the majority of treatment strategies
reported for coronavirus disease (COVID-19)
involve the systemic administration of drugs,

in addition to other approaches including
convalescent plasma.’> The pathogenesis
of severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) was believed to
be largely localised in the lungs. Retrospective
observational studies from Wuhan, China have
shown subgroups of patients with symptoms
affecting the cardiovascular, renal, nervous,
and digestive systems.3* Yet the most critical
cases largely encompass those suffering from
acute respiratory distress syndrome (ARDS).
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Therefore, the authors propose a combination
of local delivery of therapeutics directly to the
lungs and adjunct systemic administration (i.e.,
intravenous infusion).

SARS-CoV-2 Pathogenesis

Building on initial clinical and serological reports,
SARS-CoV-2 appears to mainly infect the
upper and lower respiratory tract. Hoffmann
et al® demonstrated that the virus requires
two host cell factors for successful viral entry:
angiotensin-converting enzyme 2 (ACE-2) and
transmemlbrane proteases, serine 2 (TMPRSS2).
Previous studies have indicated the expression
of both factors in human lung tissue.®” Wang et
al.? analysed specimens taken from the lower and
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upper respiratory tract, faeces, blood, and urine
samples of laboratory-confirmed COVID-19 cases,
in which a majority of live virus was obtained from
the lower respiratory tract in bronchoalveolar
lavage fluid (93%). Therefore, if viral replication
is primarily occurring in the lungs, a localised
therapeutic approach could prove to be just as,
if not more effective than, a systemic approach.
Similarly, proinflammatory cytokines (i.e., IL-6 or
TNF-a) activated by a viral infection in the lungs
will proliferate mainly in the lungs. Radiological
studies have demonstrated bilateral interstitial

lung inflammation and fibrosis, characterised by
ground glass opacity, crazy-paving pattern, and
consolidation in lung CT scans.® Drugs candidates
that target these proinflammatory cytokines (IL-
2, IL-6, TMPRSS2) would again benefit from a
localised delivery to counteract the damaging
effects of ARDS. Considering that COVID-19
primarily affects the lungs, the authors propose
a transcatheter approach to locally deliver
pharmaceutical therapies (Table 1) as an adjunct
to systemic therapy.

Table 1: Drug candidates for local delivery in the treatment of patients with coronavirus disease (COVID-19).

Mode of Action Class

Drugs

Antiviral Nucleotide prodrug

Remdesivir

Protein Human recombinant soluble ACE2
(hrsACE2)
Photosensitiser LST

Polysaccharide

Pentosan polysulfate

Anti-inflammatory Immune modulator

Colchicine

Glycosaminoglycan

Low-molecular-weight heparin

Unfractionated heparin

mMTOR inhibitor Sirolimus
Antithrombotic Glycosaminoglycan Danaparoid
Sulodexide

Synthetic oligosaccharide

Fondaparinux

Bradykinin storm inhibitor Immune modulator |catibant

Cytokine storm inhibitor Monoclonal antibody Sarilumab
Tocilizumab
Baricitinib

Risankizumab

Lenzilumab

Hormone

Prednisolone

Dexamethasone

Interferons

Interferon B-1a

Endothelial protectant and
vasculoprotective

Nucleic acid-based drug

Defibrotide

Oestrogen

17B-oestradiol

Thrombolytic Protein

Tissue plasminogen activator

Plasminogen activator

Urokinase

Enzyme

Streptokinase

ADP receptor inhibitor Antiplatelet drug

Cangrelor

ACE2: angiotensin-converting enzyme 2; ADP: adenosine diphosphate.
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RATIONALE FOR LOCAL

THERAPEUTICS

Drug Delivery Methods

There are numerous drug candidates being
investigated for COVID-19 treatment that either
target the virus lifecycle (entry, replication,
or exocytosis) or modulate the host immune
response (stimulate viral interferons or inhibit
cytokine storm).”® Regardless of the candidate,
these therapeutics can be administered as a
tablet, intravenous infusion, or subcutaneous
injection. Orally administered drugs may be
affected by first-pass metabolism, in which a
majority of the therapeutic is metabolised by the
liver. Once it passes the liver, the bioavailability of
the drug may be greatly reduced at which point
the drug circulates systemically. Intravenous
administration  typically overcomes issues
regarding bioavailability, though the drug again

Therapeutic must travel through the
[’ oy

pulmonary ar

artefies

circulates systemically once it passes the lungs. A
localised delivery of therapeutics (Figure 1) could
increase the bioavailability at the site of action
(i.e., the lungs).

LOCAL DRUG DELIVERY APPROACHES

Pulmonary Artery Delivery

One possible solution is to administer drugs
locally using a Swan-Ganz catheter and
administering the drug through the pulmonary
artery. This could be performed bedside. Some
intensive care units or COVID-19 treatment floors
may already have catheterised their patients with
triple-lumen internal jugular sheaths, in which
case a Swan-Ganz approach would be easy. Two
large, multicentre, randomised controlled studies
looked at the use of pulmonary artery catheters
(PAC) in patients with shock and ARDS.™*?

Figure 1: A simplified overview of orally administered (i.e., pill or oral suspension), intravenously administered, and
locally delivered drugs for patients with coronavirus disease (COVID-19).

Blowout panels describe two local delivery approaches: the pulmonary artery and BA. The third panel describes the
use of nanoparticles, which can be used with any local delivery approach.
BA: bronchial arteries; DA: descending aorta; SVC: superior vena cava.
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PAC in the context of these trials were used to
measure ventricular filling pressures, cardiac
output, and other haemodynamic data, which
the clinicians then used to guide treatment
decisions. While there was no significant benefit
shown in the use of PAC to guide decision-
making, there was no difference in mortality
between the groups who did and did not receive
a PAC. This may indicate that the use of PAC in
patients with ARDS or acute lung injury does
not pose an increased risk for mortality. Both
studies indicated PAC-associated arrythmias as
the most common complication. In the French
PAC study, additional complications included
arterial puncture and haemothorax. No deaths
were attributable to ventricular fibrillation or
arrhythmia. Several patients developed positive
bacterial cultures following PAC insertion.”? In the
National Heart, Lung, and Blood Institute (NHLBI)
study, the rate of complications was no different
between groups, and no deaths were related
to the insertion of a catheter." In the setting of
COVID-19, the risk of PAC-acquired bacterial
infection could be low because most hospitalised
patients requiring central catheter insertion
are being given antibiotics prophylactically to
protect against secondary infections.® Local
delivery of antibiotics in the form of aerosol
inhalations are approved for two antibiotics in the
USA (aminoglycoside and monobactam), with
numerous ongoing clinical trials assessing the
efficacy of aerosolised antibiotics or antibiotics
reformulated as nanoparticles for chronic
pulmonary infections or cystic fibrosis.™® In
COVID-19, the drugs that target proinflammatory
cytokines common in ARDS can be administered
locally and several times if needed.

Transarterial Local Delivery

Transarterial local delivery is a well-established
procedure, including local lung therapy via the
bronchial arteries using microcatheters.”® With
a localised therapeutic approach for COVID-19,
the treating physician could administer drugs
through the bronchial artery. However, given
the complexity, a transarterial approach would
require the clinician to perform the intervention
using imaging. Yet, administering therapeutics
through the bronchial artery may provide the
greatest increase in bioavailability in comparison
to other methods.

Creative Commons Attribution-Non Commercial 4.0

CATHETER-DIRECTED THROMBOLYSIS

There is growing evidence of viral coagulopathy
developing in a subgroup of patients with
COVID-19. Viral coagulopathy is not uncommon
in other respiratory viruses, including infection
from SARS-CoV-1 and 2009 pandemic HINI
(PHINT). Patients affected by SARS or pHINI
developed intravascular thrombi, microthrombi,
intra-alveolar haemorrhage, fibrin deposition
in the lungs, and diffuse alveolar damage.?°??
Several clinicopathologic reports on COVID-19
have reported postmortem findings of venous
thromboembolism and thrombosis of small and
midsized pulmonary arteries, as well as diffuse
alveolar damage, oedema, hyaline membranes,
and  proliferation of pneumocytes and
fibroblasts.?*?> Catheter-directed thrombolysis
(CDT) could prove to be another powerful
therapeutic to treat COVID-19-associated
pulmonary embolism. CDT can be performed
using a PAC positioned in the pulmonary artery
proximal to the location of the thrombus or
thrombi. Following successful positioning,
a thrombolytic agent is infused through the
positioned PAC, such as tissue plasminogen
activator, streptokinase, or urokinase?® CDT
could reverse the hypercoagulable condition
demonstrated in COVID-19 ARDS, resulting
in improvements in the cardiovascular and
pulmonary function. Systemic thrombolysis in the
context of therapy to treat pulmonary embolism
is associated with an increased risk of adverse
effects, including major bleeding and stroke.?”
Two previous trials assessing the efficacy of CDT

versus systemic thrombolysis demonstrated
improved cardiovascular haemodynamics
following CDT administration of tissue

plasminogen activator, with no increased risk of
intracranial haemorrhaging in CDT.?8?° Moreover
some investigators support catheter-directed
treatment as a potential first-line therapeutic
approach for Covid-19.3° However, large studies
are warranted to determine the optimal dosing
regimen of systemic thrombolysis and CDT
with or without therapeutic anticoagulation in
COVID-19 ARDS .

Targeted Delivery Using Microparticles

Local therapeutic administration can be
buttressed by using different types of drug
delivery vehicles (nanoparticle drug carriers,
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liposomes, viral vectors, or microbubbles). The
latter adhere to sites of damaged vascular
endothelium and thus may be a method of
systemically targeting delivery of therapeutics
to lungs damaged in SARS-CoV-2 infection. For
example, perfluorobutane gas microbubbles with
a coating of dextrose and albumin efficiently
bind to different pharmaceuticals. These 0.3-10.0
um particles bind to sites of vascular injury.®
Further, the perfluorobutane gas is an effective
cell membrane fluidiser. The potential advantages
of microbubble carrier delivery include none
to minimal (additional) vessel injury through
delivery, no resident polymer to degrade and lead
to eventual inflammation, rapid bolus delivery,
and repeated delivery. Microbubble carriers were
successfully used in different animal models and
clinical trials to deliver antisense oligonucleotide
and/or sirolimus to the injured vascular bed.3233

LIMITATIONS

There are several logistical and clinical challenges
one must consider when planning a local
therapeutic approach. During the severe and/or
critical period or period of illness, patients with
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