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Gore atrial septal occluder devices as an option

in patients with nickel allergy

Oclusores del septo auricular Gore como opción para pacientes
alérgicos al nı́quel

To the Editor,

Transcatheter closure has become a common and preferred

minimally invasive procedure for patent foramen ovale (PFO) and

secundum atrial septal defect (ASD), especially in the treatment

of secundum ASD, in which there has been a shift away from

invasive surgery.1 In patients aged 18 to 60 years with prior PFO-

associated stroke, transcatheter PFO closure is favored over antiplate-

let therapy alone.2 However, nickel allergy, affecting up to 20% of the

general population, poses a challenge in patients requiring transcath-

eter closure, as most approved occluder devices for PFO/ASD contain

nitinol, an alloy of nickel and titanium.3

Despite being relatively rare (1 per 17 000) in PFO/ASD patients,

device-related allergic events are considered serious, potentially

requiring surgical removal.4 The Gore PFO/ASD occluder (Gore

Medical, United States) demonstrates in vitro nickel elution levels

similar to placebo, with significantly lower nickel exposure than

other approved devices, such as the Amplatzer device (Abbott

Laboratories, United States).5 As a result, the Gore device may be a

suitable alternative in patients with established cutaneous nickel

allergy. Limited real-world evidence exists on the safety of Gore

devices in ASD/PFO patients with proven nickel allergy due to the

rarity of this complication. This study explores the experience of a

high-volume center with ASD/PFO closure using Gore devices in

adult patients with cutaneous nickel allergy, and describes both

short- and long-term outcomes.

We reviewed the electronic medical records of our hospital to

identify patients who underwent transcatheter closure of ASD/PFO

between 2012 and 2023, in which the Gore device was used, and

conducted a retrospective chart review to identify if the device

choice was due to cutaneous nickel allergy. Per current practice

protocol, each patient is asked if they have a known nickel allergy,

after which those who respond positively are referred to

dermatology for confirmatory nickel hypersensitivity testing

through a skin patch test. This test involved placing nickel sulfate

hexahydrate 2.5% in petrolatum on ScanporR tape.

The follow-up protocol at the center included an in-person

clinical visit at 3 to 6 months with a transthoracic echocardiogram

after the index procedure and at 1 year, after which most patients

returned to community care. The last follow-up data available

were obtained by reviewing medical records. The study protocol

was approved by the institutional review board.

Among 2054 patients, 50 with possible nickel allergy requiring

transcatheter closure for PFO or ASD underwent formal cutaneous

nickel allergy testing. Overall, 11 of them had proven nickel allergy

and were treated with a Gore device. The indication for

transcatheter correction was secundum ASD with right ventricular

enlargement in 1 patient and prevention of PFO-related stroke

recurrence in the remaining patients. The baseline characteristics

are shown in table 1. Most patients were female (82%), and the

mean age was 52 years (standard deviation � 15). The 30-mm Gore

septal PFO occluder was used for PFO closure, and the 44-mm

Gore Cardioform was used for ASD closure. Regarding periprocedural

complications, only 1 patient who underwent PFO closure had a

transient episode of atrial fibrillation.

All patients underwent a transthoracic echocardiogram within

3 to 6 months after the procedure, and a bubble test was

performed for those who underwent transcatheter PFO closure.

The bubble test was negative for all 10 postclosure patients, and

color Doppler ruled out a shunt across the ASD device in the

remaining patients.

Median follow-up was 1.25 [interquartile range, 2.88] years.

None of the patients experienced a systemic hypersensitivity

reaction after transcatheter closure during follow-up. A total of

2 patients had venous thromboembolism after PFO closure during

the follow-up period, and 1 had surgical aortic valve replacement.

This case series highlights the safety and effectiveness of a 2-

step approach in patients with reported cutaneous nickel

allergy. The first step involves nickel patch testing to confirm

the contact sensitization/allergy before proceeding with trans-

catheter ASD/PFO closure. The second step involves the

implantation of Gore devices. Of note, there were no reports

of systemic nickel-related hypersensitivity reactions during

follow-up in our case series, underscoring the safety of Gore

devices in this context. There is ongoing debate regarding the

development of nickel hypersensitivity syndrome after PFO/ASD

occlusion with current devices in patients with known cutane-

ous nickel allergy. Both Amplatzer and Gore devices, currently

the most extensively used devices for ASD/PFO closure

worldwide, release nickel into the bloodstream during the first

postprocedural months. At 90 days, nickel elution of the

Amplatzer device has proven to be higher than that with the

Gore.5 Notably, a cause-effect relationship has not been

documented in the literature. Indeed, there is doubt about the

true incidence or even the existence of nickel hypersensitivity.

However, new-onset atrial fibrillation, especially in the first 1 to

3 months, has been proposed in a wide range of manifestations

of nickel hypersensitivity. Theoretically, nickel hypersensitivity

could create systemic inflammation that could provoke arrhyth-

mogenesis until complete endothelization of the device.6

Concerns about the safety of using medical devices containing

nickel have led the US Food and Drug Administration to warn

about possible allergic reactions in patients with nickel allergy.

However, the European position paper on managing PFO and the

Society for Cardiovascular Angiography and Interventions (SCAI)

guidelines for managing PFO do not address nickel allergy and its

potential complications in patients requiring device closure.

As most cases describing nickel hypersensitivity due to ASD/

PFO occlusion have been documented mainly with nickel patch

testing, it seems prudent to perform this test preimplantation to

confirm nickel allergy in patients with a compatible history and

then to choose devices with less nickel and release like Gore.

Indeed, a recent meta-analysis suggests that nickel allergy

confirmed on a patch test may be associated with an increased

risk of adverse outcomes following implantation of a nickel-

containing device, including 2 studies involving PFO/ASD closure

with Amplatzer devices.3

The INSPIRE trial (NCT04713683) may help answer this clinical

question. The trial is enrolling patients with PFO-related stroke

who undergo skin patch tests for nickel and other allergens 14 days

before the procedure. They are then randomized to receive an

Amplatzer PFO Occluder or a Gore Septal Occluder. Outcomes are
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then measured 90 days postprocedure, including changes in the

nickel patch test results, residual leakage, and patient-reported

symptoms.

It is important to recognize the limitations of our study,

including its small sample size and single-center design, and that

more than half of the included patients had a relatively short

follow-up, specifically less than 1 year. However, considering the

limited evidence, our study provides data on the safety and efficacy

of a 2-step strategy for individuals with documented cutaneous

nickel allergy who require closure of PFO/ASD. Initial nickel patch

testing was conducted to verify cutaneous allergy, followed by the

subsequent closure with a Gore device.
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Table 1

Procedural characteristics and follow-up

Patient

number

Age at the

procedure

Sex Indication for ASD/PFO

closure

Size of Gore occluder implanted Procedural

complications

Systemic

hypersensitivity

reaction documented

after procedure

Follow-up in

years since

procedure

1 63 Female Prevent PFO-related

stroke recurrence

30-mm septal occluder None None 6

2 44 Female Prevent PFO-related

stroke recurrence

30-mm septal occluder None None 1

3 45 Male Prevent PFO-related

stroke recurrence

30-mm septal occluder None None 5

4 60 Female Prevent PFO-related

stroke recurrence

30-mm septal occluder None None 0.85

5 51 Female Prevent PFO-related

stroke recurrence

30-mm septal occluder Post procedure

paroxismal AF

None 1.5

6 35 Female Prevent PFO-related

stroke recurrence

30-mm septal occluder None None 0.42

7 36 Male Prevent PFO-related

stroke recurrence

30-mm septal occluder None None 2.03

8 47 Female Prevent PFO-related

stroke recurrence

30-mm septal occluder None None 0.32

9 23 Female RV enlargement 44-mm

Gore Cardioform

None None 0.25

10 76 Female Prevent PFO-related

stroke recurrence

30-mm septal occluder None None 0.26

11 46 Female Prevent PFO-related

stroke recurrence

30-mm septal occluder None None 0.25

AF, atrial fibrillation; ASD, atrial septal defect; PFO, patent foramen ovale; RV, right ventricle.
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Dilated cardiomyopathy associated with cardiotoxicity

due to consumption of energy drinks

Miocardiopatı́a dilatada asociada a cardiotoxicidad
por consumo de bebidas energéticas

To the Editor,

The consumption of energy drinks (EDs) has gradually

increased over recent years. In 2011, more than 20 000 visits

were made to emergency departments in the United States in

relation to EDs, mainly among the younger population.1 These

drinks contain between 80 and 160 mg of caffeine per can, and

caffeine intake > 480 mg in 24 h or > 200 mg daily has been

associated with adverse cardiovascular events.1 Such events

include atrial fibrillation, ventricular arrhythmia, ischemic heart

disease, myocarditis, cardiopulmonary arrest, and stress cardio-

myopathy, among others.1,2 However, the literature contains only

3 reports of nonischemic dilated cardiomyopathy (DCM) related to

the use of EDs3–5 (table 1).

We describe a 31-year-old man with no personal or family

history of interest who came to the emergency department due to

symptoms of left-sided heart failure since 1 week earlier. The

previous month, the patient had noticed functional limitation

during his usual sports activities but denied symptoms of angina or

syncope. On arrival, he presented with a hypertensive emergency

in the context of acute pulmonary edema. Electrocardiography

showed sinus tachycardia with narrow QRS, but no arrhythmic

events during hospitalization. Chest X-ray revealed a congestive

pattern, and severe left ventricular dilatation and dysfunction were

seen on echocardiography. Blood work only indicated a low

glomerular filtration rate of 55 mL/min, with serum creatinine of

1.56 mg/dL, high-sensitivity troponin T of 56.50 pg/mL during the

plateau phase, and an initial N-terminal fragment of pro–brain

natriuretic peptide of 1323 pg/mL. The use of opiates, cannabis,

cocaine, or other substances of abuse was ruled out.

Once stabilized, the patient was started on the standard

quadruple therapy recommended for reduced ejection fraction.

Cardiac magnetic resonance imaging showed a left ventricular

end-diastolic diameter of 62 mm and an ejection fraction of 29%,

but no other findings of interest. No myocardial uptake was

observed in the gadolinium-enhanced images, and T2-weighted

sequences revealed no increase in the intramyocardial signal.

Coronary artery disease and an autoimmune or neoplastic etiology

were also ruled out. The patient was diagnosed with DCM, and he

was referred to the heart failure unit at our hospital.

During outpatient follow-up, neurohormonal treatment for

reduced ejection fraction was titrated to the maximum doses.

There were no clinical events during follow-up, and all chemistry

and cardiac imaging results had returned to normal. Three months

after hospital discharge, natriuretic peptides were < 50 pg/mL and

kidney function was also now normal. Cardiac magnetic resonance

imaging at 12 months showed left ventricular geometry normali-

zation with no development of myocardial fibrosis. Subsequent

genetic testing was negative for pathogenic variants linked to

DCM. Once the most common causes of DCM were ruled out, a

targeted medical history found that the patient had been drinking

4 cans of EDs daily for the past 3 years, but had stopped completely

after the clinical episode described. His average intake of EDs

accounted for around 320 mg of caffeine and 4 g of taurine, along

with other ingredients, such as ginseng and L-carnitine. The

abnormal results described rapidly returned to normal once this

cardiotoxic cause was corrected, and any DCM symptoms were

ultimately attributed to an excess intake of EDs in recent years

once the Naranjo algorithm was applied.6

Cardiotoxicity-induced DCM is most commonly known to be

associated with alcohol and chemotherapy. However, to date, EDs

Table 1

Baseline characteristics of patients reported to have dilated cardiomyopathy related to the consumption of energy drinks

Reference Age Sex Initial clinical

presentation of acute

heart failure

ED intake Relevant treatment LVEF-SSD LGE on MRI Recovery of LVEF

and LV dilatation

Fisk G et al., 20214 21 M Acute pulmonary edema 0.5 L/day Hemodialysis Yes No Complete

Belzile D et al., 20203 26 F Cardiogenic shock 1 L/day Long-term VAD Yes No Complete

Uyanik M et al., 20215 24 M Decompensated heart

failure

4 L/day Diuretics and

neurohormonal blockade

for reduced LVEF

Yes No None

Báez-Ferrer N et al., 2024* 31 M Decompensated heart

failure

1 L/day Diuretics and

neurohormonal blockade

for reduced LVEF

Yes No Complete

EDs, energy drinks; F, female; LGE, late gadolinium enhancement; LV, left ventricle; LVEF, left ventricular ejection fraction; M, male; MRI, magnetic resonance imaging; SSD,

severe systolic dysfunction; VAD, ventricular assist device.
* Case described in this letter.
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