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Commentary: A nickel for your
thoughts: An overlooked allergen
in implantable devices?
Interaction of nickel-containing devices with the
immune system.

CENTRAL MESSAGE

Nickel allergy may present a sig-
nificant problem with some
implantable devices.
Phillip S. Naimo, MD,a,b,c and
Igor E. Konstantinov, MD, PhD, FRACSa,b,c,d

Nickel is a ubiquitous metal with a vast array of uses,
ranging from household products to aerospace, military,
and implanted medical devices. Its wide use is due to its
corrosion resistance, durability, and ease at which it alloys
with other metals. Currently, nickel allergy is the most com-
mon cause of contact dermatitis in the industrial world,
affecting up to 20% of the population, particularly
women.1,2 Many of these allergies manifest as dermatitis,
but a subset of these patients may experience systemic
symptoms.3 It is a growing health concern, so much so
that nickel earned itself the title of ‘‘allergen of the year’’
in 2008.1 Until now, nickel may have been overlooked
as a potential health problem causing systemic
hypersensitivity.

The article by Sharma and colleagues4 in the current issue
of the Journal describes the removal of nickel-containing
atrial septal defect (ASD) closure devices in patients with
nickel allergy and refractory symptoms. After device
removal, patients experienced a resolution of symptoms
and improved quality of life. This interesting study provides
insight into a likely allergic process to occluder devices that
contain higher proportions of nickel.4 A few comments seem
appropriate to give some perspective to this article.

The possibility of nickel toxicity has been raised with the
use of ASD closure devices, intracoronary stents, and pace-
maker devices.5 Implantable devices are not uniform in
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their composition, and there is a wide inter-device vari-
ability of nickel composition. Many devices contain nitinol,
which is an alloy composed of 45% titanium and 55%
nickel. Nickel in these devices has been shown to be
released into the body, causing an increase in systemic
nickel.6,7 In fact, during the first 6 weeks after device
closure, serum nickel levels may increase up to 5-fold.8 Pa-
tients with a nickel allergy may experience dyspnea, head-
ache, fatigue, and chest pain,6 which has been coined
‘‘device syndrome.’’ Rigatelli and colleagues6 observed
‘‘device syndrome’’ within 2 weeks of ASD device closure
and suggested that a low-level immunologic reaction was
the cause of the phenomena, likely related to the nickel sub-
stance in the device, and this produced a mild leukocytosis.

However, implanted devices may have titanium alloy,
platinum, and iridium, but also epoxy resins, polymethyl-
metacrylates, and isocyanates, all of which may be immu-
nogenic in some patients.9 Furthermore, the metal strut in
coronary artery stents is made from 316L stainless steel,
which contains nickel, as well as other endovascular pros-
theses and prosthetic valves. For example, the Edwards Ma-
gna Ease bioprosthetic aortic valve (Edwards Lifesciences,
Irvine, Calif) and the Sapien transcatheter aortic valve (Ed-
wards Lifesciences) have, among other alloys, approxi-
mately 15% nickel, in comparison with the pure nitinol
frames of the Amplatzer device (St Jude, St Paul, Mo), in
which the nickel concentration is approximately 55%.4 It
may well be that the higher proportion of nickel in occluder
devices provides a greater substrate for reactivity with the
host immune system. It is interesting to note that clips
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FIGURE 1. Interaction of nickel-containing devices with the immune system. Nickel ions are suggested to bind to toll-like receptor (TLR) 4 directly or are

haptenized and interact with major histocompatibility complex (MHC) class 2 receptors, both of which can activate antigen-presenting cells (APCs). These

activated APCs will subsequently present that immunogen to na€ıve T-helper (Th) cells12 and release cytokines (interleukin [IL]-12) that will cause the na€ıve

Th cell to differentiate into type 1 T cells, Th1 cells. The Th1 cell will release several cytokines, including interferon-g, which activates macrophages. The

activated macrophages will release IL-1b, IL-6, and tumor necrosis factor-a, which cause expression of receptors on endothelial cells to recruit more leu-

cocytes to the area. Activated macrophages release reactive oxygen species (ROS) and toxic lysosomal enzymes; this causes tissue damage that can manifest

itself in a variety of ways. The APCs may also release IL-6 and other cytokines that cause na€ıve Th cells to differentiate into Th17 cells. The Th17 cells

release IL-17, which activates neutrophils in the area. Re-exposure to the same allergen would lead to the activation of specific T cells, which subsequently

enter the bloodstream and produce visible signs of hypersensitivity at 48 to 72 hours after allergen exposure.13 IL, Interleukin; Th, T helper; TNF, tumor

necrosis factor.
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containing nickel, chromium, molybdenum, cobalt, and ti-
tanium can also induce allergic reactions and may be a
cause of delayed wound healing.10

The underlyingmechanism of a systemic nickel allergy is
unclear. However, because nickel leaks into the blood-
stream, it has been suggested that this may result in a type
IV hypersensitivity reaction4,7 (Figure 1). Patients may
have been previously sensitized to the allergen or this
may occur de novo. The strength of this foreign body reac-
tion is variable, and research continues into the question of
why some patients have a more excessive response than
others. Much of our understanding of nickel allergy comes
from skin exposure to nickel in which the nickel ions pene-
trate the skin and activate epithelial cells that produce
various cytokines, such as interleukin-1b, interleukin-6,
and tumor necrosis factor-a.11-13

Although the best management of allergies is to limit
exposure, this may not always be possible with some med-
ical devices. In some cases, different devices may be used
that contain a lower concentration of the offending metal
ion. In other cases, the side effects can be managed with
low doses of prednisolone and antiplatelet therapy.6 Yet,
the best approach to any allergen is to remove the exposure
to it. No device, no problem.
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