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21.1 Introduction

Advances in procedural medicine and availability
of numerous biomedical devices in various medi-
cal and surgical specialties are improving quality-
of-life and life expectancy in many patients.
However, for a select group of patients, the issue
of hypersensitivity to component(s) of medical
devices is a concern. Since the early 1970s, aller-
gic reactions to nickel in patients with metallic
mitral valves and orthopedic prostheses have been
reported [1-4]. Evaluation of putative hypersensi-
tivity reactions to implantable devices requires a
comprehensive understanding of the complex sur-
gical, mechanical, environmental, and biologic
factors that can affect the outcome of device
implantation. Allergic reactions to endoprosthe-
ses are rare and unpredictable processes that are
not fully understood. Hypersensitivity reactions
can potentially be induced by metallic and non-
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metallic components of a device. Since the focus
of this chapter is on the association of metal
allergy and medical devices, review of the metal
compositions, corrosion, and interaction with the
immune system discussed in earlier chapters is
highly recommended.

It is of note that there is an increasing trend of
metal allergy in younger generations, at least in the
United States. In a recent report of patients patch
tested by the North American Contact Dermatitis
Group, the frequency of positive patch test reac-
tions to nickel was 10% in individuals older than
65 years of age, 17% between 18 and 65 years, and
259% in those younger than 18 years [5].
Although these numbers overrepresent the preva-
lence of nickel allergy in the general population,
they can highlight an increasing trend in frequency
of metal allergy. Enforcing regulatory measures on
the amount of nickel release from consumer prod-
ucts has lowered prevalence of nickel allergy in
Europe, but currently there are no similar regula-
tory measures in the United States [6-9]. Concern
about metal sensitivity associated with implant-
able medical devices has a growing impact on
quality-of-life and healthcare costs. There is an
expanding interest in the proper evaluation of indi-
viduals with suspected metal allergies prior to
receiving an implant or postoperatively in patients
with localized or systemic hypersensitivity reac-
tions or, at times, with implant malfunctions.
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21.2 Pacemakers and Implantable
Cardioverter Defibrillators

Cardiac arrhythmias are common and important
public health concerns. While many patients are
managed by medical interventions, a large
proportion of them need to be treated via invasive
electrophysiology interventions such as ablation
therapy and/or cardiac implantable electronic
devices (CIED). From the implantation of the first
pacemaker in Sweden in 1958, there have been
many advances in this field [10]. Device-based anti-
arrhythmic therapy is a dynamically evolving field
of cardiovascular medicine. The main CIED include
the pacemaker, implantable cardioverter defibrilla-
tor (ICD), and cardiac resynchronization therapy
(CRT) device. It is estimated that more than one
million pacemakers and more than 320,000 implant-
able cardioverter defibrillators are implanted annu-
ally worldwide [11]. About a quarter of pacemaker
implantations and a third of ICD implantations are
replacements for various indications [11]. Putative
hypersensitivity is an extremely rare condition that
may lead to device replacement.

21.2.1 General Device Characteristics

In general, these devices are made of two implant-
able components: generator and lead(s). Generators
for the most part are covered with a titanium cap-
sule, and leads are attached to the capsule through
the pacemaker’s header which is composed of two
main components: (a) poly-methyl-methacrylate
(also used for bulletproof glass and hard contact
lenses) and (b) silicone rubber (polydimethylsilox-
ane). Some headers are fully Silastic (a flexible
inert silicone rubber). The sensing/pacing leads are
flexible insulated wires, which are connected to the
pulse generator header on one side and carry the
impulses to the heart, stimulating the heart through
the pacing electrodes. Leads also carry information
from the heart back to the pulse generator, which
the physician accesses via a special programmer.
The conductor wires consist of MP35N (an alloy of
Ni, Co, Cr, and Mo) or MP35N, with a silver core
for high-current applications (mainly defibrilla-
tion). The pacing electrodes are commonly made

of platinum alloyed with 10-20% iridium. ICD
leads also have similar pacing electrodes at the tip
but additionally have one or two defibrillation
electrodes (shock coils) for delivering high-energy
cardioversion pulses. The majority of shock coils
are made of platinum or platinum-iridium, and the
remaining are made of tantalum with platinum
coating. Leads are most commonly insulated with
one of several formulations of polyurethane, sili-
cone rubber, some copolymers of silicone and
polyurethane, ethylene tetrafluoroethylene (ETFE)
and polytetrafluoroethylene (PTFE), or polychlo-
roparaxylene (parylene). Steroid-eluting electrode
tips are available containing about 1.0 mg of dexa-
methasone with the intent to lower local inflamma-
tion, allowing a lower pacing system energy
requirement [12-16].

A number of different pacemakers and ICDs
are commercially available, and the specifics
regarding product materials can be obtained from
individual vendors.

21.2.2 Associated Hypersensitivities

Reported cases of allergy and other reactions
associated with pacemakers and ICDs are pri-
marily reports of localized pain and/or dermatitis
syndromes occurring within 2 days to 24 months
after implantation and a few cases of generalized
pruritus or dermatitis that resolved after pace-
maker removal [17, 18]. Titanium generally has
excellent biocompatibility, although it has rarely
been associated with cell-mediated hypersensi-
tivity. Diagnosis of titanium allergy based on
patch testing is uncommon; perhaps the opti-
mum patch test material for titanium is yet to be
established. Allergy to other components such as
polychloroparaxylene, epoxy resin, triethylene-
tetramine, an epoxy hardener, nickel, chromium,
cobalt, mercury (with undetermined relevance),
polyurethane, polysulfone beige, and silicone
adhesive has also been reported [19-26].
Reported cases of putative CIED reactions are
listed in Table 21.1. It is important to note in
many of these cases reported, information is not
complete and presence of a true allergic reaction
is difficult to prove.
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Table 21.1 Reported cases of metal contact sensitivity associated with cardiac implantable devices

Putative allergen
Titanium

Titanium
Nickel
Chromium

Chromium
Cadmium

Nickel
Cobalt
Chromium

Other metals

Epoxy

Reference
Peters et al. [44]

Abdallah et al. [23]

Viraben et al. [45]

Yamauchi et al. [46]

Ishii et al. [39]

Freeman [47]

Dogan et al. [48]
Laugier et al. [49]
Tilsley and Rotstein

[50]

Landwehr and van
Ketel [51]

Moini et al. [52]

Brun et al. [25]

Andersen [22]

Reaction type

Localized
dermatitis

Localized
dermatitis/
vesicular

Granulomatous
local dermatitis

Local erythema

Localized
dermatitis

Localized
erythema and
erosion

Localized
dermatitis
over the ICD
Localized
dermatitis
Lichenified
plaques on
lower
extremities
Pompholyx on
both hands
Lower
extremity
dermatitis
Localized
dermatitis

Localized
desquamation
and
discoloration

Patch test results (as
reported)

Titanium plate++
Nickel sulfate 2.5% +

Titanium +
Polyurethane +

Negative

Patch test negative to
standard trays and
pacemaker components

Titanium metal +

Titanium dioxide 50%
+

Titanium
Dioxide 10% +
Titanium
Nickel
Chromium
Cadmium +
Chromate +
Nickel +++
Cobalt ++
Chromate +

Nickel sulfate 5% in
pet. +

Nickel +++
Cobalt +

Mercury +
(undetermined
relevance)

Epoxy resin 1% in pet.
+

Epoxy resin hardener:
++
(triethylenetetramine
0.5% in pet.)

Other diagnostic methods/
comments on management
Patient developed localized
dermatitis 2 months after
placement of parylene
coating; no other
information available
Pacemaker was replaced
with a customized
silicon-coated device, but
rash recurred; device was
removed and patient
managed medically
Electron probe
microanalysis (EDAX) was
performed on the skin
biopsy, detecting titanium
restricted to the granuloma
area. Rash cleared with
topical steroid
Intracutaneous test with the
serum incubated with
titanium was positive after
2 days. No information on
management available
Device was wrapped in a
polytetrafluoroethylene
(PTFE) sheet, with no
recurrence in 3 years
Pacemaker was replaced by
a gold-coated pacemaker
with no recurrence

Dermatitis resolved with
topical steroids

NA

NA

Pacemaker was replaced by
a device in a titanium
capsule
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Table 21.1 (continued)

Putative allergen

Polychloroparaxylene
(parylene)

Polyurethane and
parylene

Polysulfone beige
and polyurethane

Thiuram mix
Silicon adhesive

Unidentified allergen

Reference

Romaguera et al.

[53]

Skoet et al. [21]

Iguchi et al. [20]

Hayes and Loesl
[19]

Dery et al. [24]

Tujita et al. [42]
Raque and

Goldschmidt [26]

Verbov [54]

Gimenez [55]

Brun and Hunziker

[25]

Buchet et al. [17]

Weiss [18]

Tujita et al. [42]
Kono et al. [41]

Reaction type
Generalized
pruritus and
erythematous
plaques on
trunk
Localized
dermatitis
Localized
erythema;
dermatitis

Lead
dislodgment
and drainage
at the implant
site

Localized
dermatitis and
pain over the
pacemaker

NA

Localized
dermatitis

Localized
eczema

Localized
eczema

Localized
eczema

Generalized
pruritus and
eosinophilia
Localized
erythema

NA
NA

Patch test results (as
reported)

Epoxy resin +++

Epoxy resin ++

Positive patch test to
the
Polychloroparaxylene
(parylene) coating

Polychloroparaxylene
(parylene) +
Polyurethane +

Polysulfone beige and
polyurethane 75D,
components from the
pacemaker lead
connector

Thiuram mix +
Uncured silicone
adhesive—neat +++
Uncured silicone
adhesive —10% in pet.:
negative

Negative (titanium not
tested)

Negative

Negative to metallic
titanium and titanium
tetrachloride solution
Not conclusive due to
concomitant dermatitis

Negative to titanium
plate, polyurethane, and
European standard tray

Negative patch test
Negative patch test

Other diagnostic methods/
comments on management

NA

Dermatitis was controlled
with topical steroids
Parylene coating was
stripped off a pacemaker
and the device was
wrapped in
polytetrafluoroethylene
(PTFE) sheet with no
recurrence in 2 year
follow-up

Pacemaker was replaced
with specially
manufactured device with a
Silastic-coated pulse
generator and Silastic-
insulated leads, and had no
other reactions

Pacemaker was replaced
with a customized
silicon-coated device with
no recurrence in 18 months

NA

Possible irritant reaction on
patch test. Pacemaker was
not removed. Dermatitis
controlled with topical
steroid

Granulomatous reaction on
histopathology

NA

NA

Dermatitis resolved in 5
days after device removal

Reactions resolved after
replacement with a
different device

NA

NA
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21.2.3 Evaluation of Patients
with Putative Allergic
Reactions to CIEDs

A comprehensive approach to patients with cuta-
neous or systemic reactions following implanta-
tion of pacemaker/ICD is essential. Nonallergic
reactions are far more common and include
infection, reticulated telangiectatic erythema, cir-
cumscribed erythema, pressure dermatitis, mid-
dermal elastolysis, and radiation dermatitis
[27-36]. Infection is a much more common cause
of inflammation associated with CIEDs and
should be investigated thoroughly before sus-
pecting allergy. A device pocket tissue culture
should be performed, although a negative culture
does not always rule out the presence of an infec-
tion and may only illustrate the limitations in cur-
rent bacterial isolation techniques. Chua et al.
showed that 32% of patients with clinical signs
and symptoms of ICD infection had negative tis-
sue and swab cultures, and yet they responded
well to treatment with total device and hardware
removal and antibiotics [30]. The negative cul-
tures in these cases may have been the result of
antibiotics administered prior to clinical presen-
tation for surgical treatment [30, 37]. Routine
patch testing is not required prior to implantation
of a pacemaker or ICD.

Once other causes are excluded, the manage-
ment of dermatoses is typically tailored based
on clinical findings. Localized dermatitis and
mild cases can be treated with topical cortico-
steroids. In rare cases where allergic reaction is
highly suspected, epicutaneous patch testing
using relevant allergens customized per device
should be performed. If antibiotics are used to
irrigate the device pocket prior to insertion,
these antibiotics should be added to the patch
test panel. In patients with relevant positive
reactions to components of a device, replace-
ment of the device with one that is free of the
suspected allergen is recommended. An alterna-

Table 21.2 Evaluation of putative allergic reaction to
cardiac implantable devices
(a) Perform a detailed clinical history

(b) Rule out infection; in many cases tissue culture
from peri-implant tissue would be most
definitive, but this can only be done during the
explantation

(c) Consider other diagnosis such as pressure
dermatitis and other noninfectious causes such as
reticulated telangiectatic erythema

(d) Skin biopsy helps characterize the dermatoses

(e) Consider patch testing only in patients with a
significant history of overt contact dermatitis to
environmental exposures

(f) Patch testing should be customized toward the
components of the implanted device

tive method is wrapping the device generator in
a PTFE sheet, which has been successful in pre-
venting recurrence of contact dermatitis [20,
38-43]. Hayes and Loesl reported the case of a
patient in whom allergy to polyurethane was
documented by patch testing. A specially manu-
factured device with a Silastic-coated pulse gen-
erator and Silastic-insulated leads was
substituted and led to resolution of inflamma-
tion with no other reactions [19]. Additional
reported cases and management options are
listed in Table 21.2.

21.3 Percutaneous Atrial Septal
Defect and Patent Foramen

Ovale Occluders

A different category of devices reviewed here are
devices that are used for closure of holes between
the right and left atrium. Two main conditions
that cause abnormal flow of blood from the right
to left atrium are atrial septal defect (ASD) and
patent foramen ovale (PFO). ASD is a congenital
heart defect caused by incomplete closure of the
atrial septum. It is estimated that each year about
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1 in 2000 babies are born with an ASD in the
United States [56]. The foramen ovale serves a
physiologic purpose in the fetal circulation, help-
ing the flow of oxygenated placental blood from
right to left atrium. Soon after birth, this portal
will seal; however, in about 25% of healthy indi-
viduals, it remains patent. Most patients with
PFO are asymptomatic, but several diseases
including cryptogenic stroke, transient ischemic
attacks (TTA), and migraine headaches with aura
have been associated with PFOs. [57-59] A PFO
may be the pathway through which thrombotic
emboli, air emboli, desaturated blood, and vaso-
active substances are shunted and enter the left
atrium without traversing the pulmonary circula-
tion. Paradoxical emboli play a role in the devel-
opment of stroke. That being said, the jury is still
out on the clinical benefits of PFO closure for
stroke prevention [60].

Percutaneous ASD closure was first per-
formed in 1974 [61]. The first commercially
available ASD closure device was developed by
Rashkind and Mullins in the early 1980s fol-
lowed by other devices [62—-66]. The first device
specifically designed for closure of PFO was
designed as a double-umbrella device in 1992
[67]. ASD closure devices can be used to close
PFOs as well. The general concept involves
approximating the leaflets, closure of the hole
between the atria, and subsequent endothelializa-
tion of the device. Complete closure of the ASD
and PFO is achieved within a few months.

Currently a variety of transcatheter device
systems are available for repair of ASDs and
PFOs. The US Food and Drug Administration’s
(FDA) Center for Devices and Radiological
Health approved the Amplatzer septal occluder
for percutaneous ASD closure and PFO closure
[68, 69]. The Amplatzer device is made of two
connected circular, self-expanding, nitinol
(nickel-titanium alloy) discs that contain thin
polyester fabric [69]. Another FDA-approved
device is the GORE HELEX septal occluder for
percutaneous ASD closure. The implant is made
of a circular wire frame made of nitinol and cov-
ered with a thin GORE-TEX membrane [70].
Another FDA-approved device to be used only
for closure of certain complex ventricular septal

defects is the NMT Medical CardioSEAL Septal
Occlusion System, which was used off-label for
ASD and PFO closure but is currently only used
for investigational purposes [71]. The
CardioSEAL STARFlex Septal Occlusion
System is composed of a metal ‘“double-
umbrella” framework made of MP35N alloy and
polyester fabrics [71]. The GORE® HELEX®
septal occluder is composed of ePTFE patch
material supported by a single nitinol wire frame.
GORE® CARDIOFORM received FDA preap-
proval in September 2015 and is made of an
ePTFE membrane supported by a platinum-filled
nickel-titanium (nitinol) alloy wire frame [72].

The abovementioned devices are all nonde-
gradable with metallic components, but signifi-
cant advances in this field, including introduction
of partially degradable and totally degradable
occluders, might change the composition of the
applied biomaterials [73].

21.3.1 Hypersensitivity Reactions
to ASD and PFO Occluders

Currently, most commonly used occluders con-
tain a metallic frame, and nickel allergy has been
identified as the most common cause of surgical
device explantation [74].

As mentioned earlier, Amplatzer® and GORE®
HELEX® septal occluders have nitinol frames,
and the CardioSEAL® occluder is constructed of
a cobalt alloy (MP35N) frame.

Nickel elution in vitro was recently studied by
Verma et al. in four devices, the Amplatzer septal
occluder (ASO; St. Jude Medical Corporation),
GORE HELEX septal occluder (HSO; W.L. Gore
& Associates), and a new GORE septal occluder
(GSO) in clinical trials, which all have a nitinol
frame, and stainless steel sternal wires [75]. They
observed higher nickel elution with the Amplatzer
septal occluder compared to the other devices,
which was significantly higher at 72 h and
remained higher up to 90 days [75].

In vivo nickel release from the Amplatzer®
occluder was studied by Ries et al., who mea-
sured serum levels of nickel in 67 patients at
24 h, and 1, 3, and 12 months after occluder
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implantation. A statistically significant rise in
mean serum levels of nickel was observed from
0.47 ng/ml before implantation to 1.27 ng/ml
24 h after implantation, to a maximum of 1.50
ng/ml 1 month later. Values <2 ng/ml of nickel
are considered to be normal [76]. The presence of
nickel allergy is listed as a contraindication for
implantation of the Amplatzer®.

Burian et al. in another in vivo study of 24
patients following implantation of the Amplatzer®
occluder observed increased serum levels of
nickel up to fivefold (p < 0.01) versus baseline
during the first 6 weeks following the procedure.
Although serum nickel levels remained within
normal limits (serum values ranged from
0.6 £ 0.2 pg/l), they returned to baseline within
4-6 months [77].

Several cases of systemic allergic reactions to
PFO occluders without apparent rash but with
positive patch tests have been reported to date
[78-84]. A few of these patients developed peri-
cardial effusion and tamponade, which resolved
with systemic prednisone without removal of the
device [81, 85]. In a few of these patients, surgi-
cal removal of the device led to recovery with
resolution of symptoms [78, 79, 82-84]. In
another case, the patient continued to have sys-
temic symptoms even after the removal of the
Amplatzer, but he finally recovered following
removal of his stainless steel sternal wires, which
contained trace amounts of nickel [80].
Considering the thousands of Amplatzer devices
implanted over the past decade, the overall inci-
dence of complications associated with metal
allergy seems insignificant [86].

On the other hand, no association was found
between a positive reaction to nickel on the TRUE
test and adverse effects following Amplatzer®
implantation in small cohorts [87, 88].

Rigatelli et al. observed a constellation of
symptoms in eight out of nine patients who
reacted to nickel in the TRUE test, yet decided to
proceed with nitinol-based ASD occluders. They
referred to these findings as “device syndrome,”
which consisted of chest discomfort, dyspnea on
exertion, asthenia, and mild leukocytosis. The
syndrome was treated with prednisone and clopi-
dogrel and in all cases was resolved after 1 week

of therapy. In their study (n = 46), none of the
patients without nickel allergy developed these
post-closure symptoms [88].

Despite some conflicting data considering that
all these data are from small cohorts and anec-
dotal reports, it is plausible to obtain at least a
clinical history of overt metal allergy as part of
the pre-procedural evaluation. Pre-procedural
patch testing of patients with suspected metal
allergy should be limited to individuals with
strong clinical history of metal allergy. Based on
available data, presence of nickel allergy is not an
absolute contraindication for receiving the
occluder devices [88].

Workup for patients with post-procedural
complications, including signs of systemic
hypersensitivity, eosinophilia, dermatitis, and
pericarditis, should include exact details of the
procedure including pre- and post-procedural
medications and sterilizing methods. Patch test-
ing with metal salts should be considered along
with detailed workup to exclude other
etiologies.

21.4 General Comments

Long-term prospective data and large-scale
cohorts of patients with putative metal allergy to
endovascular devices are missing; however,
existing data collectively suggests an association
between metal allergy and development of local-
ized or systemic hypersensitivity syndromes or
neurologic syndromes following implantation of
occluder devices in patients who are highly sensi-
tive to metals, most notably to nickel.

The majority of current data regarding puta-
tive sensitivity reactions to endovascular devices
is based on relatively small cohorts and anecdotal
reports. Therefore recommendations listed in
Tables 21.2 and 21.3 are mostly based on expert
opinion and with limited evidence.

A spectrum of complications, varying from
minor localized dermatoses to excessive inflam-
mation, systemic hypersensitivity, and implant
failure, are reported in patients with metal allergy.
However, as mentioned earlier, only a small por-
tion of individuals with positive patch tests to
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Table 21.3 Approach to patients with atrial septal defect
or patent foramen ovale occluders
Prior to implantation
(a) A detailed clinical history should be obtained

(b) Only patients with significant history of metal
allergy should be considered for patch testing
(level III evidence; expert opinion)

(c) Patch testing, if performed, should be conducted
with relevant metal salts and device components

(d) Interpretation of positive reactions to metals that
are tested as chloride salts such as manganese
chlorides in petrolatum should be made with
caution due to the high rate of false-positive
reactions

(e) Lymphocyte transformation tests should not be
performed routinely or as a substitute for patch
testing

(f) For individuals with metal allergy, if possible, a
device free of the identified allergen or lower
elution rate should be considered

(g) Clear discussion with the patient is necessary to
inform them that avoiding a potential allergen in
the device does not guarantee a desired outcome

Post implantation

(a) Patch testing should only be considered when
other causes of failure such as infection, drug
eruptions, or other mechanical and surgical
etiologies are excluded

(b) In cases of mild cutaneous dermatoses, skin-
directed therapies should be optimized to control
the symptoms

(c) Decisions regarding surgical explantation are best
made though a multidisciplinary approach among
treating medical teams

metals will go on to develop complications with
their medical devices [89]. Some metal-allergic
patients tolerate orthopedic implants containing a
metal to which they are allergic, without dermato-
logic or orthopedic complications [90]. Because
methodologies in currently published studies vary
widely, special attention is required when inter-
preting data. Considering the large clinical and
economic impact of implanted cardiovascular
devices, a multidisciplinary approach is warranted
to establish large population-based, multicenter
prospective registries and to perform prospective
case-control studies, in which methods of sensi-
tivity testing are standardized. In general, patch
testing should be tailored toward the specific bio-
materials used in a device, in addition to testing
with standard screening allergens in select cases.

Most importantly, patients need to be
informed that the association between a positive
patch test and the outcome of a procedure is still
under investigation and, while avoiding a poten-
tial allergen in a device should be considered if
possible, it does not guarantee a desired
outcome.
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