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NOVEL TRANSLATIONAL METHODS

A Minimally Invasive, Translational Method
to Deliver Hydrogels to the Heart i
Through the Pericardial Space
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HIGHLIGHTS

e The pericardial space is an unexploited
anatomic location for hydrogel delivery.

e Hydrogels can be delivered to the
pericardial space in a localized, minimally
invasive manner, without detectable
hemodynamic effects.

o Pericardial hydrogel delivery is a new
strategy to direct therapeutics to the
heart with reduced systemic delivery and
off-target effects.
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Biomaterial Delivery to the Cardiac Epicardium OCTOBER 2017:601-9

ABBREVIATIONS SUMMARY
AND ACRONYMS

CVD = cardiovascular disease Biomaterials are a new treatment strategy for cardiovascular diseases but are difficult to deliver to the heartin a
miRNA = micro-ribonucleic safe, precise, and translatable way. We developed a method to deliver hydrogels to the epicardium through the
acid pericardial space. Our device creates a temporary compartment for hydrogel delivery and gelation using

PEG = polyethylene glycol anatomic structures. The method minimizes risk to patients from embolization, thrombotic occlusion, and

arrhythmia. In pigs there were no clinically relevant acute or subacute adverse effects from pericardial hydrogel
delivery, making this a translatable strategy to deliver biomaterials to the heart. (J Am Coll Cardiol Basic Trans
Science 2017;2:601-9) © 2017 The Authors. Published by Elsevier on behalf of the American College of Cardiology
Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

espite pharmacological and technologic heart and retain viable cells at the site of delivery
advances, cardiovascular diseases (CVD) (12,17). Other materials are in preclinical trial for
remain the leading cause of morbidity and delivery and sustained release of miRNAs, cytokines,
mortality in the United States, costing $215.6 billion and other therapeutics (4,18,19). Whereas biocom-
per year (1). More patients are surviving, but with patible materials may be beneficial for the treatment
heart failure, arrhythmias, and poor quality of life. of CVD, there are no dedicated delivery methods that
Micro-ribonucleic acid (miRNA), gene therapy, stem are safe and minimally invasive.
cells, cytokines, and other biologics are new treat- There are challenges inherent to delivering bio-
ments that have shown promise in preclinical and materials to the heart. Open heart surgery, although
early phase clinical trials (2-4). Many of these thera- feasible, is less desirable from a cost and patient
pies require focused delivery of the therapeutic to perspective. Catheter delivery using commercially
the heart, or even localization to particular anatomic available single-lumen coronary catheters or Noga XP
areas, such as the peri-infarction region. Dilution of Cardiac Navigation System (Biosense Webster, Die-
these therapeutics by systemic administration in- gem, Belgium) cannot keep material components
creases cost and risks off-target effects. For example, separate as they travel to the heart and thus cannot
poor retention of stem cells in the heart is thought to  control the timing of material interaction and gela-
limit efficacy in clinical trials (5-7). The proangiogenic tion. Premature gelation causes clogging within
cytokine vascular endothelial growth factor encour- catheter lumen. Delayed gelation can lead to embo-
ages neoangiogenesis and cardiac regeneration (8) lization, stroke, and failure to deliver material to
but can also accelerate tumor metastasis (9). Efficient, targeted area. Another challenge with biomaterial
targeted, and temporally appropriate delivery of ther-  delivery to the heart is the potential for inducing ar-
apeutics to the heart are keys to their successful rhythmias if the electrical conductivity of the mate-
translation into clinical use. rial creates a substrate for a re-entrant circuits as it
interdigitates between cardiomyocytes. Therefore the
development of material-specific strategies is neces-

SEE PAGE 610

Early phase clinical trials are underway using sary for the safe, precise, and practical delivery of
hydrogels as therapeutic agents for cardiac repair biomaterial to the heart.
(10-12). Both solid patches and injectable gel mate- The pericardium is a novel site for therapeutic de-
rials are under investigation and may have benefits livery that has been shown in animal studies to actas a
for different applications. Cardiac patches and solid reservoir for drug delivery to the heart (20-22). The
materials have been tested as structural support for advent of epicardial ablations and external left atrial
the heart in a clinical trial (13) and therapeutic de- appendage ligation has demonstrated the feasibility of
livery platforms in numerous preclinical studies (14). accessing a “dry” pericardial space for therapeutic
Their widespread use is limited by the need for purposes (23-25). Herein we describe a minimally
surgical placement. Injectable materials with liquid invasive device to deliver biomaterials to the heart by
or gel phases, such as decellularized matrix, alginate, using the pericardial space as a novel anatomic site for
and engineered hydrogels, can provide scaffolds, biomaterial delivery. Our device uses the existing
tactile signals, and structural support for cardiac anatomicstructurestoformatemporary compartment
regeneration and repair (10,11,15,16). Biomaterial gels  for gel delivery. Features of the device eliminate the
are particularly suited to deliver stem cells to the risk of premature gelation and embolization and allow
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