International Journal of Cardiovascular and Thoracic Surgery

2021;7(2): 13-15
http://www.sciencepublishinggroup.com/j/ijcts
doi: 10.11648/].ijcts.20210702.11

[gnY J' v, r
otlencer

Science Publishing Group

ISSN: 2575-4866 (Print); ISSN: 2575-4882 (Online)

The Gordian Knot of Glutaraldehyde-Treated Autologous
Pericardium in Open Cardiac Surgery

Giorgio Noera
Cardiothoracic Surgery Unit, GVM Care & Research Maria Cecilia Hospital, Cotignola (Ra), Italy

Email address:
giorgio.noera@gmail.com

To cite this article:
Giorgio Noera. The Gordian Knot of Glutaraldehyde-Treated Autologous Pericardium in Open Cardiac Surgery. International Journal of
Cardiovascular and Thoracic Surgery. Vol. 7, No. 2, 2021, pp. 13-15. doi: 10.11648/j.ijcts.20210702.11

Received: April 11, 2021; Accepted: May 18, 2021; Published: May 26, 2021

Abstract: Glutaraldehyde is classified as a biocide-pesticide under the hazard class for toxic substance and control laws for
the human health and environmental worldwide. The regulatory bodies restrict the intended use to disinfectant or laboratory
application in hospital. The parenteral pathway in human is not considered and then not allowed, for the high-risk profile, so
the constraints are an integral part of the Classification Labeling and Packaging for exposure of occupational health.
Contextually, there are no preclinical-safety data as Risk Related Reference (DMEL probability of occurrence and severity of
adverse effect (s)/event (s) in a given population under defined exposure conditions), or Chemical Safety Reports that justify
any authorization for patient consumer uses. In the context of cardiac surgery, the biomechanical stability in treating the
autologous pericardium with glutaraldehyde in solution, results as a hand-built biotech for a patient valve device. Theoretically,
the surgeon is a manufacturer that uses a toxic chemical compound for the own product that does not comply to the law and
regulations. Contrary to pharmaceutical definition for marketing authorized drugs, the off-label not allowed use of toxic
chemical derived manufacture, expose the physicians to legal vulnerability of which it is inclusive the malpractice for the-
patient’s informed consent.
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“prescribing” context of GA for its use, in the light of
chemical toxic substance regulations and physicians legal
vulnerability.

1. Introduction

Glutaraldehyde (GA), possesses unique characteristics that
render it one of the most effective protein crosslinking agent.
GA is exclusively classified as a biocide-pesticide whose
profile risk is under the hazard class for toxic substance and
control laws for human health and environmental worldwide.
The marketing authorization inclusive of restricted intended
use, are regulated by standardized harmonized Hazard Class
and Category and transcription by the manufacture under
Classification Labeling and Packaging (CLP) regulation and
obligation [1]. The regulatory statement for safety support is
almost exclusively for occupational health linked to exposure
route of skin, eyes and respiratory- digestive tract and the
adverse events. The commercial GA labeling solution does
not declare safety and approval form of its parenteral
pathway uses [2]. However, the autologous pericardium
treated with GA soaking technique in cardiovascular surgery,
is supported only by wide accepted technique and not from
the regulatory aspects. This work aims to frame the

2. Biotechnology Derived Product
2.1. Biotechnology

The American Chemical Society defines biotechnology as
the application of biological organisms, systems, or processes
by various industries to learning about the science of life and
the improvement of the value of materials and organisms
such as pharmaceuticals. For the European Federation of
Biotechnology, biotechnology is the integration of natural
science and organisms, cells, parts thereof, and molecular
analogues for products and services. Biotechnology is based
on the basic biological sciences, biochemistry, cell biology,
that also includes tissue technologies and conversely
provides methods to support and perform basic research in
biology. Using an easy and comprehensible approach, the
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wide range concept of biotechnology is a technology by
which manipulated living organisms are utilized to generate
useful products. Therefore, the use of the autologous
pericardium should be considered as a biotechnology and not
a medical device [3].

2.2. The Derived- Products

Biotechnology-derived drug were initially developed in the
early 1980s. The first marketing authorizations were granted
later in the decade. Several guidelines and points-to-consider
documents have been issued by various regulatory agencies
regarding safety assessment of these products. Regulatory
standards for  biotechnology-derived pharmaceuticals
including autologous human tissues' product have generally
been comparable among the European Union, Japan and
United States. All regions have adopted a flexible, case-by-
case, science-based approach to preclinical safety evaluation
to support clinical development and marketing authorization.
The primary goals of International Conference on
Harmonization (ICH guideline S6 (R1) are mainly focused
on toxicity, reversibility and safety parameters for monitoring
[4, 5]. Adherence to the principles is intended to improve
thought consistency of the preclinical safety data. The
distinction or definition between drug, toxic chemicals and
delivery system is not clear. Therefore, treating the
autologous pericardium with chemical substance should be
considered as a procedure approach for a biotechnology
derived product.

2.2.1. Glutaraldehyde Cross Linker Agent and More
Glutaraldehyde can cross-link proteins to create stable
secondary amine linkages. However, as reported by Greg T.
Hermanson, in2013 “the homobifunctional cross linker
containing an aldehyde residue at both ends of a 5-carbon
chain. Its primary reactivity is toward amine groups, but the
reaction may occur by more than one mechanism.
Glutaraldehyde exists in a number of different forms in
aqueous solution, such as hemiacetal and aldol ring structures
as well as large a-, B-unsaturated polymers containing
carbon—carbon double bonds. The double bonds of these
polymers can undergo an addition reaction with amines that
results in covalent bond formation even without a reluctant
being present. Thus, reactions with this crosslinking agent
can result in indistinct conjugation products and may be
difficult or impossible to reproduce or scale up as the
conjugation need arises. The high reactivity and indistinct
forms of glutaraldehyde make it difficult to control the size
and composition of the final conjugate. Proteins cross-linked
with this reagent often form substantial amounts of
precipitated products due to polymerization”. Moreover, the
same authors report that “the glutaraldehyde in aqueous
solutions can form polymers containing points of
unsaturation due to aldol formation. Such a, B-unsaturated
glutaraldehyde polymers are highly reactive toward
nucleophiles, especially primary amines. Reaction with a
protein results in alkylation of available amines, forming
stable secondary amine linkages. These glutaraldehyde-

modified proteins still may react with other amine-containing
molecules either through the Schiff base pathway or through
addition at other points of unsaturation” [6, 7]. In this context,
the treated autologous pericardium with chemical substance
should be considered as GA derived product.

2.2.2. Risk and Toxicological Profile of Glutaraldehyde

Glutaraldehyde (GA) is currently addressed as a cytotoxic
agent and biocide under Regulatory Frameworks for
Chemical. The profile risk, use-labeling identification and
marketing authorization are exhaustively regulated within
standardized harmonized Hazard Class and Category
Classification CLP labeling that is almost exclusively for
occupational health monitoring and establishment of safe
practices for its use. In the same context, the GA toxicology
profile is linked to exposure route of human skin, eyes and
respiratory- digestive tracts can be inferred up to a safety
tolerated Maximum Residue Limits (MRLs) of 0.001 ppm or
Minimal Risk Level of 0.00003 mg/Kg/day that it is intended
for external medication only or laboratory application (8, 9).
Recently, the OSH (Occupational Safety and Health)
legislation for the protection from chemical agents provided
for the identification of the indicative limit values that must
be adopted by the Member States in the legislation in force
(10). The fundamental concepts introduce the link to the
regulations right of consumer, general population and
patients. The Chemical Safety Reports statement of the
various dangerous compounds and derivatives, should report
the obligation of safety evaluation as the DNEL (Derived No-
Effect Level, similar to the No Observed Effect Level —
NOAEL - for pharmaceutical products) and the DMEL-like
approach (probability of occurrence and severity of adverse
effect (s)/event (s) in a given population under defined
exposure conditions). Exposures of biotechnology derived-
toxic-substance includes the concept of parenteral route that
may have direct or submerged roots in direct contact with
blood or human circulatory system. Actually, the commercial
GA’s CLP and marketing authorization is off guard of
Chemical Safety Reports, DNEL and DML-like approach for
parenteral use [11, 12].

3. Glutaraldehyde in Cardiac Surgery
3.1. GA use for Autologous Pericardial Patch

In cardiac surgery, for example the technique inclusive of
Ozaky procedure, the aortic valve repair using
neocuspidalization, require intraoperative taken fresh
autologous pericardium patch before implant. Usually, the
pericardium is immersed in aqueous solution with GA
concentration up to 600 ppm, and then it is washed [13, 14].
After that, the treated pericardium is anchored to the patient's
aortic tissues as a function of the new apparatus valvular. The
operation has a time in minutes with open thorax and the
manufacture does not include a toxicological test or
detections for residues or bioconjugates to characterize the
intraoperative safety standard of the final product.
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3.2. GA Derived Product during Surgery

The improvement in handling and biomechanical stability
of pericardium is achieved by treating it with cross linker
agent. Therefore, fixation leads to autologous tissue
transformation as a part of a hybrid living apparatus. In this
way, the surgical technique as conceived identifies in the
surgeon a manufacturing of a heart valve using chemical
compounds for its product.

4. Conclusion

The existing set of regulatory rules represents a gray area
for GA use in open cardiac surgery. A wide accepted safe and
effective of a surgical technique does not mean that the GA
derived product has no other side effect or outweigh the
potential risk. The interpretation of statements of regulatory
support and according to the above, critical practicalities
emerge of which the overlap of the definition off-label within
two lines of legislations. There is a huge difference between
pharmaceutical substance with preclinical and clinical trial
safety studies and toxic chemical substance without Safety
Report for using them [15]. Therefore, it is possible to
emphasize that the manufacturer label of the glutaraldehyde
in solution, is devoid of Chemical Safety Reports statement
for consumer parenteral pathways. It follows that the product
derived from a toxic chemical substance does not have,
according to the regulations and legal aspects, the approved
trial phases for human safety and authorization in the clinical
practice. Therefore, the surgeon results as manufacturer of a
biotechnology for the health market without any registered
human safety-given-data by the supplier. At this point, the
consumer rights may be violated about cytotoxic chemicals.
So, the surgical technique falls under GA off label use and
falls back to physician legal responsibility and the patient's
informed consent. Until today, the lack of Chemical Safety
Report statement, still constitute a restriction for the clinical
trial approval for using this type of GA-derived product.
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