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ABSTRACT

Objectives: Systemic allergic reactions to nickel alloys in percutaneous atrial septal
defect occlusion devices have a poorly defined natural history. We describe our
experience of surgical removal of the offending device in a series of patients with
nickel allergy and refractory symptoms.

Methods: Patients with atrial septal defect device explants for nickel allergy were
reviewed. Administered questionnaires focused on symptoms, quality of life, and
satisfaction along with the 36-Item Short Form Health Survey to measure physical
and mental health postsurgery.

Results: Atrial septal defect devices were removed for nickel allergy in 58 patients
during the past 10 years. The median age was 42 years (range, 24-71 years) and 95%
were women. Explantation occurred at a median of 8 years (range, 6 months-18
years) after insertion. Symptoms included fatigue (82%), chest pain (78%), head-
ache (73%), and palpitation (58%). Surveys were available for 45 patients: 58%
rated their quality of life as poor and 69% were not at all satisfied with their device.
Postexplant, all patients reported improvement in their symptoms, with 18 patients
(42%) noting complete resolution. In 12 patients prospectively studied, the preop-
erative scores in physical and mental health domains were lower than the validation
group, indicating significant disability. Similarly, there was marked improvement in
each domain postremoval.

Conclusions: Patients with nickel allergy and severe refractory symptoms after
atrial septal defect device implantation experience profound resolution of symp-
toms and improved quality of life after removal. Nickel allergy should be considered
before device insertion, and a low threshold should exist for surgical removal for
refractory symptoms. (J Thorac Cardiovasc Surg 2020;160:502-9)
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Current approach to management of patients with
symptoms of PFO/ASD device hypersensitivity.
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CENTRAL MESSAGE

Systemic hypersensitivity after
implantation of ASD devices in
patients with documented nickel
allergy are debilitating. Surgical
removal resolves symptoms and
marked enhances quality of life.
PERSPECTIVE
Systemic hypersensitivity after placement of
nitinol-based ASD/PFO septal occluders has
been described, yet no consensus recommenda-
tion for preimplant allergy testing or for manage-
ment of postimplant hypersensitivity exist. We
report the largest series of patients with device
removal for refractory symptoms, and provide
diagnostic and quality of life perspective for these
challenging patients.

See Commentaries on pages 510 and 512.
Percutaneous closure of atrial septal defect (ASD)/patent
foramen ovale (PFO) is a common interventional cardiac
catheterization procedure performed in patients with
appropriate anatomy. Between 1988 and 2005, the Nation-
wide Inpatient Sample demonstrated a 139% increase in
ASD and PFO closures.1 In addition to indications for
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Abbreviations and Acronyms
ASD ¼ atrial septal defect
ASO ¼ Amplatzer septal occluder
FDA ¼ Food and Drug Administration
HSO ¼ Helex septal occluder
PFO ¼ patent foramen of ovale
SF-36 ¼ 36-Item Short Form Health Survey
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true ASDs, device closure has been utilized for a number of
conditions associated with PFO, including migraine head-
aches, decompression sickness, platypnea-orthodeoxia,
exacerbation of right–left shunting with obstructive sleep
apnea, and myocardial infarction due to paradoxical embo-
lism to the coronary arteries. PFO prevalence in patients
who experienced cryptogenic stroke is greater (about
40%) than in the general population, and even higher in pa-
tients younger than age 55 years (about 55%).2 Indeed, in-
dications for device closure have been expanded and
approved by the Food and Drug Administration (FDA) for
patients who have experienced cryptogenic stroke.3,4

Although device closure is a safe and effective alternative
to surgical closure, a number of adverse issues have been re-
ported, including device migration, erosion, and concerns
for hypersensitivity reactions.5-7

Nitinol, an alloy of nickel and titanium, is the primary
component of the most commonly used ASD/PFO occluder
devices: the Amplatzer septal occluder (ASO) (St Jude
Medical Corporation, St Paul, Minn) and the Helex septal
occluder (HSO) (W. L. Gore & Associates, Inc, Medical
Products Division, Flagstaff, Ariz). Within nitinol alloy,
nickel is the more allergenic component than titanium.
Nickel allergy has a prevalence of up to 30% in the general
population, with the highest documented in women younger
than age 30 years. Nickel allergy is primarily manifested as
a chronic pruritic cutaneous eruption at the site of direct
nickel contact.8,9 The incidence of cutaneous nickel allergy
has increased since 2008 likely due to increase in body
piercings and lack of US legislative restriction of nickel
in clothing, jewelry, toys, and electronic devices.10,11 Simi-
larly, the increase in implanted metal devices for multiple
medical/surgical indications has sparked much interest
The Journal of Thoracic and Ca
and debate regarding biocompatibility and the potential
for adverse metal reactions.
Although there is a paucity of literature describing the

immunologic environment in metal hypersensitivity, it is
believed to be a predominantly delayed T-cell type reac-
tion to metal ions.12 Major diagnostic criteria for metal hy-
persensitivity reaction include cutaneous eruption
overlying implant, positive patch test reaction to a metal
used in implant, and complete recovery after removal of
offending device. Minor criteria relevant to this population
include unexplained pain and/or failure of the offending
agent. Specific to ASD/PFO devices, nickel elution with
transient elevation of blood nickel levels has been
observed and several reports of severe nickel hypersensi-
tivity reactions have been published.13-16 FDA labeling
for both ASO and HSO devices includes warning for
potential allergic reaction in patients with known nickel
hypersensitivity. However, allergic reactions to these
endoprostheses are rare and unpredictable processes that
have a poorly defined presentation and natural history.
To better understand this patient population, we report
our experience of surgical removal of the offending
device in a large series of patients with refractory nickel
allergy.
METHODS
We performed a database review to identify ASD/PFO device explanta-

tion for nickel allergy during the past 10 years at our institution. This study

was approved by our institutional review board (#00107344). During the

first phase of study (January 2008-April 2018) retrospective data were ob-

tained on demographic and clinical characteristics, including device type

and causes for explantation. A provider-designed questionnaire was uti-

lized that focused on symptoms, quality of life, and satisfaction scores

before and after surgery (Appendix E1). In addition, a survey to measure

physical and mental health postsurgery was administered 1 and 6 months

postoperatively. During phase II (April 2018-September 2019), prospective

data were collected with the questionnaires administered pre- and

postoperatively.

All patients were evaluated in the Contact Dermatitis Clinic in the

Department of Dermatology for confirmation of nickel allergy before de-

vice removal. Prospective patients were identified as allergic by cutaneous

patch and prick testing to nickel sulfate 2.5% and 5.0%. Patch testing for

delayed-type hypersensitivity is standard of care for evaluation of im-

planted metal device reaction. Our center also performs prick testing due

to concern for underrecognized metal contact urticaria, and immunoglob-

ulin E-mediated type-1 hypersensitivity reaction.12,17

Surgical removal was performed in nearly all patients through a mini-

mally invasive right anterior thoracotomy on the beating heart with periph-

eral cannulation for cardiopulmonary bypass. After removal of the device,

residual septal defects were either directly repaired or patched closed. Me-

dian sternotomy was performed in the case that associated procedures were

required.

The 36-Item Short Form Health Survey (SF-36) was used as a health-

related quality-of-life measure and the scoring was done based on the in-

structions available at the RAND corporation website.18,19 Scoring the

SF-36 was a 2-step process. First, precoded numeric values were recoded

per the scoring key, so that the lowest and highest possible scores were

0 and 100, respectively. All items were scored so that a high score defined

a more favorable health state. Scores represented the percentage of total
rdiovascular Surgery c Volume 160, Number 2 503



TABLE 1. Demographic and patient characteristics (N ¼ 58)

Characteristic Result

Age (y) 42 (24-71)

Female sex 55 (95)

White race 58 (100)

Device type

Amplatzer* 32 (55)

Helexy 26 (45)

Cardiovascular

Coronary artery disease 1 (2)

Heart disease, unspecified 2 (3)

Hyperlipidemia 9 (16)

Hypertension 10 (17)

Pulmonary hypertension 1 (2)

Psychiatric

Attention deficit–hyperactivity disorder 2 (3)

Anxiety 16 (28)

Depression 19 (33)

Panic attacks/panic disorder 3 (5)

Posttraumatic stress disorder 4 (7)

Autoimmune

Celiac disease 3 (5)

Multiple sclerosis 2 (3)

Rheumatoid arthritis 2 (3)

Hashimoto thyroiditis 1 (2)

Thyroid

Hypothyroidism 6 (10)

Hyperthyroidism 1 (2)

Hyperparathyroidism 1 (2)

Other

Chronic fatigue syndrome 3 (5)

Chronic kidney disease 2 (3)

Diabetes mellitus 2 (3)

Type 2 diabetes 1 (2)

Fibromyalgia 5 (9)

Hepatitis/nonalcoholic steatohepatitis 2 (3)

Sleep apnea 4 (7)

Values are presented as median (range) or n (%). *St Jude Medical Corporation, St

Paul, Minn. yW. L. Gore & Associates, Inc, Medical Products Division, Flagstaff,

Ariz.
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possible score achieved. In step 2, items in the same scale were averaged

together to create the 8 scale scores.

Patient characteristic data are reported as absolute numbers with per-

centages. Quantitative assessment of SF-36 numbers in the phase 1 group

is only qualitatively related because validation cohort raw data are not

available. Prospective SF-36 results compared preimplant and postimplant

scores using paired t tests with significance set at the 95% confidence

interval.

RESULTS
During the study period, 58 consecutive patients under-

went ASD/PFO device removal. Baseline characteristics
are detailed in Table 1. The median agewas 42 years (range,
24-71 years) and the majority were women (n¼ 55 [95%]).
504 The Journal of Thoracic and Cardiovascular Surg
Slightly more patients had the ASO device (n ¼ 32 [55%])
compared with the HSO device (n ¼ 26 [45%]).

All patients had documented positive dermatological
testing to nickel. As demonstrated in Figure 1, nearly all pa-
tients had patch testing and 72% patients underwent both
patch and prick skin testing. Various combinations of posi-
tive skin testing resulted in positive studies. Nearly 20% of
patients were patch-negative and scratch-positive.

Surgical approach was right minithoracotomy in 54 pa-
tients (93%), whereas 4 patients (7%) received sternotomy,
with 2 of the latter patients requiring concomitant proced-
ures (coronary unroofing and pericardiectomy). After
removal of the device, 53 patients (91%) had primary,
direct repair of the residual defect, whereas 5 patients
(9%) necessitated patch closure. There were no mortalities.
Four patients (7%) had postoperative complications: supra-
ventricular rhythms with prolonged initial hospitalization
(n ¼ 2) and refractory serous pericarditis requiring subse-
quent pericardiectomy (n ¼ 2).

Of 58 surgical patients, 45 patients responded to our
provider-generated and SF-36 surveys and submitted re-
sponses. The most common indications for device place-
ment were headaches (migraines) and history of stroke or
transient ischemic attacks (Table 2). The temporal relation-
ship from device implantation to symptom onset ranged
from 1 day to 1 year, with 20 patients (44%) occurring in
<48 hours. Despite symptoms occurring relatively early
postimplantation, patients were managed medically for a
median of 8 years (range, 6 months-18 years) before being
assessed for device removal. As depicted in Table 3, a
plethora of postimplant symptoms were reported, including
fatigue (n ¼ 37 [82%]), chest pain (n ¼ 35 [78%]),
migraine/headache (n ¼ 33 [73%]), palpitations (n ¼ 26
[58%]), dyspnea (n ¼ 22 [49%]), and skin rash/arthralgia
(n ¼ 21 [47%]).

According to our provider-generated qualitative survey,
26 patients (58%) viewed their quality of life after device
implantation as poor with 31 (69%) expressing dissatisfac-
tion postimplant. Following device removal, all patients re-
ported enhanced satisfaction and improvement in
symptoms, with 18 of 44 postoperative patients (42%)
noting complete resolution.

To more formally quantify changes in quality of life, 32
accessible patients retrospectively filled out SF-36 surveys
after at least 5 postoperativemonths (Figure 2). The average
scores for the 8 domains were similar to the validation
cohort. Unfortunately, these data are limited without preop-
erative scores. Nevertheless, when looking at the question
in the SF-36 regarding rating health in general now versus
1 year ago, 21 patients responded ‘‘much better,’’ 3 were
‘‘somewhat better,’’ 8 were ‘‘about the same,’’ 3 were
‘‘somewhat worse,’’ and none were ‘‘much worse.’’

To better assess quality of life, a secondary phase was
recently initiated that enrolled 12 patients to prospectively
ery c August 2020
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FIGURE 1. Dermatologic assessment of nickel allergy by patch and scratch testing amongst the cohort of 58 patients.
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and longitudinally follow their physical and mental health
by serially recording SF-36 scores. The preoperative scores
in all subgroups were substantially lower than the validation
group, indicating significant disability. Following removal
of the device, nearly all scores across both domains were
improved as early as 1 month and further improved or sus-
tained at 6-month follow-up, with the majority being higher
than those of the validation group (Table 4).
DISCUSSION
Metal hypersensitivity reactions to implanted devices are

challenging to evaluate and manage. As a result of few large
TABLE 2. Indications for device placement (N ¼ 45)

Indication n

Headaches/migraines 30

History of stroke/transient ischemic attack 14

Asymptomatic 1

Other 17

Vertigo/dizziness 5

White spots on brain magnetic resonance imaging

scan

2

Shortness of breath 2

Fainting 2

Weakness 2

Numbness 2

Blood pressures 1

Chest pain 1

Failed 6-min walk test 1

Fatigue 1

Decreased endurance 1

Multiple sclerosis symptoms 1

Significant family history of stroke 1

Vision disturbance 1

Brain tumor resection 1

The Journal of Thoracic and Ca
study cohorts, great variation in symptom presentation, and
a lack of diagnostic criteria that necessitate the offending
object being removed, these patients are often
treated conservatively for years. This series represents the
largest reported cohort of ASD/PFO device surgical explant
patients with documented dermatologic evidence of nickel
allergy and severe refractory symptoms suggestive of de-
vice syndrome or systemic metal hypersensitivity reaction.
With the recent completion of 2 randomized controlled

trials and subsequent FDA approval of the ASO device
for PFO closure for cryptogenic stroke,4,20 the number of
devices being placed is expected to increase. All intracar-
diac shunt closure devices have nickel as a component.
There have been numerous reports of nickel leaching into
the bloodstream and device corrosion has been reported
that can lead to type-4 hypersensitivity reactions and
immune-mediated toxicity resulting in hypersensitivity re-
actions.21,22 The scope of the problem is immense and un-
derstanding the population at risk, symptomatology, and
management is important.
Why does it appear that there is an epidemic of this

problem in the Intermountain West? This is, in part,
related to a disproportionately large per capita number
of implants in Utah.6 In particular, there was a single
cardiologist who historically placed >300 devices per
year for more than 10 years. As such, Utah (and the Salt
Lake Valley) have a very concentrated population of
young women with PFO who had these devices placed.
Furthermore, the University of Utah has a particularly
robust Allergy-Immunology Clinic that has opened its
doors to patients who had often been shuffled for years
through the health care system.
As demonstrated in this series, the management conun-

drum is manifest by a large temporal range between initial
implant and removal as well as the diverse spectrum of
debilitating symptoms. Whereas many had chest pain,
rdiovascular Surgery c Volume 160, Number 2 505



TABLE 3. Symptoms after device placement (N ¼ 45)

Symptom n

Pain

Chest pain 35

Headaches/migraines 33

Arthritis/joint pain 9

Muscle/body aches 6

Pain, unspecified 2

Fibromyalgia 1

Bladder pain 1

Stomach pain 1

Neurologic

Dizziness/vertigo 6

Blurred vision 2

Numbness 3

Tremors 2

Hemiplegic migraines 2

Aura 1

Balance 1

Brain fog 1

Double vision 1

Neuropathy 1

Ocular migraines 1

Memory issues 1

Burning sensation 1

Vision issues, unspecified 1

Weakness 1

Gastrointestinal

Gastrointestinal, unspecified 9

Gallbladder problems/removal 5

Nausea 4

Vomiting 4

Diarrhea 3

Dermatologic

Skin rash 21

Itching 2

Cardiovascular

Palpitations 26

Breathlessness on exertion 22

Tachycardia 4

Hypertension 2

Fainting 2

Arrhythmia 2

Fluctuating blood pressure 1

Stenosis in carotid artery 1

Bubbles still present on study 1

Varicose veins 1

Pericarditis 1

Pleurisy 1

Cold hands and feet 1

Increased oxygen requirements 1

Abnormal echocardiogram 1

Systemic

Fatigue 37

Paleness 1

Fever 1

(Continued)

TABLE 3. Continued

Symptom n

Other

Depression 2

Insomnia 2

Fluid in bones 1

Food allergies 1

Interstitial cystitis 1

Loss of appetite 1

Open sores 1

Reynaud syndrome 1

Sinus infections 1

Gastric sleeve placed 1

Kidney stones 1

Kidney problems, unspecified 1

Liver problems, unspecified 1

Appendix removed 1

Hot flashes 1

Dry skin 1

Eye swelling 1

506 The Journal of Thoracic and Cardiovascular Surg
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fatigue, and headaches, others experienced arthralgias and
gastrointestinal symptoms—with several of the latter pa-
tients undergoing cholecystectomy for ill-defined biliary
colic. Fewer than one third of patients had skin rashes
as a presenting symptom. The onset of symptoms can be
from few days to months, if not years, after device place-
ment. The nonspecific symptoms and varied natural his-
tory contribute to the delay in diagnosis and alternative
medical management with trials of anti-inflammatory, an-
tiplatelet, steroids, and antianxiety medications. Many
patients had seen a variety of specialists, including cardi-
ology, rheumatology, psychiatry, gastroenterology, and
endocrinology before seeing a dermatologist or cardiac
surgeon.

The surgical approach through right minithoracotomy
was utilized for the majority of patients. This access de-
fused some of the anxiety that many patients had related
to undergoing heart surgery and reduced the potential use
of sternal wires that also contain nickel. Visualization was
adequate and devices could be safely removed and defects
closed with no evidence of residual shunting and low
morbidity. The 2 cases of refractory pericarditis requiring
pericardiectomy were out of proportion to our experience
with other procedures performed through similar access
(ie, minimally invasive mitral, tricuspid, and aortic valve in-
terventions). One could speculate that this patient popula-
tion has a predilection for hyperinflammatory responses
that could fuel pericarditis.

Given the paucity of robust evidence with which to guide
practice, our series provides reasonable evidence for clini-
cians with patients with metal hypersensitivity concerns af-
ter ASD/PFO closure. Patch testing still remains the
ery c August 2020
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standard for evaluating patients with suspected metal al-
lergy because it is simple to perform, widely available,
and offers a variety of possible testing.12 Scratch or prick
testing should be performed as well to identify unrecog-
nized immunoglobulin E-mediated metal contact urticaria.
Indeed, in our patient cohort, there was a sizeable group
(17%) of patients who were patch-negative, but scratch/
prick-positive and benefited from device removal.

Unfortunately, preimplant testing is neither recommen-
ded nor reliable in this patient population. The vast majority
of patients with metal implants (even with documented sen-
sitivities) have no implant-related adverse events.23 Nega-
tive preimplant testing only reflects the current state of
allergy, and does not predict future hypersensitivity result-
ing from implantation of a device.12 Patient reports of metal
TABLE 4. The 36-Item Short Form Health Survey18,19 (SF-36) scores in

1-month postoperative (post-op), and n ¼ 8 6-months post-op)

SF-36 subscale Validation

Pre

(n ¼
Physical functioning 71 44 �
Role limits, physical 53 11 �
Role limits, emotional 66 33 �
Energy/fatigue 52 15 �
Emotional well-being 70 58 �
Social functioning 79 41 �
Pain 71 36 �
General health 57 26 �
Health change 59 27 �
Values are presented as mean � standard error (validation group is mean only). *P<.05, pr

full longitudinal data.

The Journal of Thoracic and Ca
allergy before implantation are associated with decreased
functional and mental health outcomes and postoperative
morbidity.24,25 Combined with our current report, select pa-
tients (eg, those with a history of cutaneous reactions to
inexpensive jewelry) should be considered for preimplant
metal testing in coordination with a contact dermatitis
specialist.
An issue that is difficult to definitively reconcile relates to

the large number of other intracardiac devices that contain
nickel yet apparently do not initiate this problem.
Compared with patients who receive stented biologic valves
(either surgical or transcatheter) or coronary stents, our
cohort represents a unique patient population of predomi-
nantly young, white women with PFO defects and a history
of potential nickel sensitization. An additional, perhaps
prospectively enrolled patients (n ¼ 12 preoperative (pre-op), n ¼ 11

-op

12)

1-mo post-op

(n ¼ 11)

6-mo post-op

(n ¼ 8)

5.7 65 � 3.6* 80 � 9.0y
8.4 16 � 8.9 59 � 16.3y
10.1 79 � 8.5* 88 � 12.5y
4.2 30 � 4.2* 62 � 6.9y
4.5 76 � 3.4* 81 � 6.0y
7.1 47 � 5.8 78 � 7.4y
4.6 39 � 3.6 74 � 9.8y
5.1 50 � 4.2* 59 � 7.6y
5.7 70 � 4.2* 91 � 4.6y
e-op versus 1-mo post-op. yP<.001, pre-op versus 6 mo using the 8 participants with

rdiovascular Surgery c Volume 160, Number 2 507
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more hypothesis-driven explanation relates to the physical
concentration of nitinol in the respective devices and their
ability to leach nickel. For example, a typical bioprosthetic
aortic valve (including transcatheter valves) have, amongst
other alloys, roughly 15% nickel. In comparison, the pure
nitinol frames of the ASO and HSO devices have a nickel
concentration closer to 55%. In vitro elution of nickel
from 3 different closure devices (ASO, HSO, and Septal
[W. L. Gore & Associates, Flagstaff, Ariz]) appeared to
be proportionally related to the amount of exposed nickel,
with the ASO having the highest nickel levels.22 Our patient
experience suggests that both ASO and HSO devices are
susceptible to this complication. Extending this logic to
other intracardiac devices, one could surmise that the cumu-
lative volume of exposed nickel is much lower than that
which is present in the occluding devices. Quite possibly,
the less nickel released with nonoccluder devices would
provide less substrate for sensitization (either de novo or
recurrent).

This study has several additional limitations and repre-
sents an evolution of our experience. Most patients are
retrospectively reviewed with only 11 patients being pro-
spectively followed for patient-reported outcomes. Hence,
preoperative objective assessment of their quality of life
scores was not available and subjective scores based on
questionnaires can be biased. That said, the general experi-
ence in the postoperative clinic, ultimately leading to this
study, as well as the result of our provider-generated quali-
tative surveys, was of marked, favorable change in quality
of life postexplant. Although we cannot completely rule
out the possibility of a placebo effect, this anecdotal expe-
rience was robustly supported by the prospectively
508 The Journal of Thoracic and Cardiovascular Surg
collected data. When compared with the SF-36 validation
cohort, preoperative quality of life reflected the debilitated
state of these patients. Despite undergoing surgery, the
scores were profoundly improved compared with their pre-
operative state, even 1 month postoperatively.

An additional, important caveat that influences the deci-
sion process preoperatively is related to the denominator.
We fully acknowledge that the number of patients with
nickel allergies and ASD/PFO devices who experience no
symptoms is unknown. As such, and based on our experi-
ence, our current approach requires intersection of 3 ele-
ments: presence of the device, positive dermatologic
testing, and symptoms (Figure 3). It can often be challenging
to link all 3 of these points, and we will not offer surgery if
we are unable to do so. If possible, we try to distinguish
symptoms postimplant from those that existed preimplant.
For example, headache is a common symptom, but is the
quality/type of headache different? The ideal story is the
development of new-onset symptoms within a short time
period after device implantation. Indeed, this was the case
in 67% of patients. More recently, we have extended the
temporal relationship to include patients that have developed
symptoms that are months, if not years, following device
placement. There are a number of patients who presented
with typical symptoms, yet their dermatologic testing was
either negative or very weakly positive. Although it is un-
clear whether these patients would benefit from device
removal (perhaps nonimmune mediated), we remain reluc-
tant to extend our explant criteria to that patient population.
CONCLUSIONS
Patients with nickel allergy and severe refractory symp-

toms after implantation with an ASD/PFO device experi-
ence resolution of symptoms after device explantation
with improved quality of life. Device-related symptoms
are debilitating. Not only should nickel allergy be discussed
before device insertion, but providers should also have a
low threshold for considering explant as definitive
treatment.
Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://aats.blob.core.windows.net/
media/19%20AM/Monday_May6/206BD/206BD/S87%20-
%20Adult%20congenital%20heart%20disease/S87_2_
webcast_044140937.mp4.
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APPENDIX E1. ATRIAL SEPTAL DEFECT (ASD)/
PATENT FORAMEN OVALE (PFO)
QUESTIONNAIRE

1. Do you have a primary care physician? If so, what is
their name and place of practice.

2. Do you have a cardiologist? If so, please indicate their
name and place of practice.

3. Were you diagnosed with ASD or PFO?
4. What was the indication for having the device placed/

what were your symptoms?

Headaches/migraines

History of stroke

Asymptomatic

Other

5. What device did you have placed?

Amplatzer

Helex

6. Did you have any complications during the placement of
the device?

Bleeding

Migration of device

Other

7. What were your symptoms after the devicewas placed, if
any?

Chest pain

Headaches

Breathlessness on exertion

Palpations

Skin rash

Fever

Fatigue

Asymptomatic

Other

8. How long after the placement of the device did your
symptoms begin, if any?

9. How would you rate your quality of life after the device
was placed?

Poor

Fair

Good

Very good

Excellent

10. How satisfied were you with your level of well-being
after the placement of the device?

Not at all satisfied

Somewhat satisfied

Very satisfied

11. Do you have allergies to jewelry?
12. Do you have a documented nickel allergy?
13. Approximately when did you have your allergy testing,

or your patch/scratch testing done?
14. Did you have an ASD/PFO repair device removal

surgery?
15. How have your symptoms improved after surgery?

Completely improved

Are somewhat better

About the same

Somewhat worse

Much worse

16. How satisfied were you with your level of well-being
after the removal of device?

Not at all satisfied

Somewhat satisfied

Very satisfied
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