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Abstract

Background: This study aimed to evaluate the safety and efficacy of total endoscopic removal of patent foramen ovale (PFO) or atrial
septal defect (ASD) occluder devices in managing nickel hypersensitivity complications. Methods: A retrospective analysis of 95
patients (2020-2025) undergoing total endoscopic occluder device removal via femoral cardiopulmonary bypass was performed using
preoperative nickel allergy screening via patch testing. Outcomes included procedural success, symptom resolution, quality-of-life (QoL)
trends, and complications. Results: All devices were removed successfully without thoracotomy. The median bypass time was 71.2 min;
96.8% of residual defects were directly sutured. Nickel hypersensitivity was confirmed in 89.5% of cases. QoL “good” ratings increased
from 7.4% preoperatively to 95.8% at 6 months (p < 0.001). No major complications were observed; however, there were two cases
of transient atrial fibrillation (2.1%). The median blood loss was 36.8 mL; no reoperations/mortality were noted. Conclusions: Total
endoscopic removal is safe and effective for nickel allergy-related complications, with high symptom resolution and improvement in
QoL. Preoperative nickel screening optimizes outcomes, while this minimally invasive approach reduces morbidity, thereby supporting
the adoption of this approach for device explantation.

Keywords: patent foramen ovale; atrial septal defect; nickel allergy; endoscopic device removal; cardiac surgery; residual septal defects

1. Introduction ment [9]. Nickel ions (Ni?>T) leached from occluders act
as haptens that bind to host proteins (e.g., toll-like recep-
tor 4/TLR4), triggering innate immune activation via the
NF-xB pathway [10]. This promotes dendritic cell matu-
ration and antigen presentation, activating nickel-specific
CD4+/CD8* T-cells [11]. Sustained inflammation results
in mast cell degranulation (histamine, tryptase release —

chest pain, rash), macrophage recruitment (IL-15, TNF-«
release — endothelial dysfunction) [4], and impaired en-
dothelialization due to matrix metalloproteinase (MMP)-
mediated tissue remodeling. These processes establish a
prothrombotic milieu, facilitating microthrombi formation
on incompletely endothelialized struts [12]. Microemboli
can then traverse residual shunts, potentially triggering mi-
graines or systemic inflammation [9]. In such cases, device
explantation has been shown to significantly improve pa-
tient outcomes, particularly in individuals who have not re-
sponded to pharmacological interventions such as corticos-
teroids and antiplatelet therapy. Several case reports and
studies have documented the complete resolution of symp-
toms following device removal, reinforcing the importance
of recognizing nickel hypersensitivity as a potential cause

Patent foramen ovale (PFO) occluder devices are com-
monly used in clinical practice to prevent recurrent cryp-
togenic strokes and treat migraines [1,2]. These devices,
which are often composed of nickel-containing alloys, have
demonstrated long-term efficacy in reducing the risk of
thromboembolic events [3]. However, complications re-
lated to device implantation, such as device migration, in-
complete endothelialization, and nickel hypersensitivity,
have been increasingly reported [4,5]. Nickel allergy, in
particular, is a significant concern due to the widespread
use of nickel in medical devices. The prevalence of nickel
allergy in the general population is high, yet its incidence
following PFO or atrial septal defect (ASD) occluder is not
well documented [6]. Despite these challenges, the exact
pathophysiology behind nickel hypersensitivity in intracar-
diac devices remains unclear, prompting further investiga-
tion into the role of nickel allergy in device-related compli-
cations [7,8].

Nickel hypersensitivity reactions can manifest with a
broad range of symptoms, including chest pain, migraines,

palpitations, and dyspnea, often appearing weeks to years
after device implantation. In patients with pre-existing
nickel sensitivity, the body’s immune response can lead to
chronic inflammation, which can result in persistent symp-
toms that do not resolve with conventional medical manage-

of device failure [13,14].

Despite the growing awareness of nickel hypersen-
sitivity in patients with implanted PFO/ASD occluder de-
vices, there are no standardized guidelines for preopera-

Copyright: © 2026 The Author(s). Published by IMR Press.
BY This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.imrpress.com/journal/HSF
https://doi.org/10.31083/HSF49911
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0001-4138-8983
https://orcid.org/0009-0000-4391-5858

n=110

Patients referred for endoscopic PFO/ASD occluder explantation at our center(2020-2025)

Medical optimization <3 months, n=6

Y

asymptomatic patients, n=2

n=102

Meeting symptomatic inclusion criteria

|occluder thrombosis,n=2

Y

" |post-occluder residual shunt, n=2

n=98

Meeting TEE inclusion criteria (no erosion/thrombosis/residual shunt)

autoimmune/infectious comorbidities, n=1

4

prior right thoracic surgery, n=1
BMI >35 kg/m?, n=1

Y

n=95

Underwent totally endoscopic removal

Y

Y

Intraoperative conversion/exclusion, n=0

n=95

Analyzed for primary endpoints

Fig. 1. Patient enrollment flow chart. This diagram illustrates the screening process for patients undergoing totally endoscopic

PFO/ASD closure device removal (2020-2025). Of 110 initially assessed patients, 15 were excluded due to: insufficient medical op-

timization (n = 5), asymptomatic status (n = 3), device thrombosis (n = 2), significant residual shunt (n = 2), or contraindications to

endoscopic surgery (n = 3). The final cohort consisted of 95 patients who underwent successful endoscopic explantation. TEE, trans-

esophageal echocardiography.

tive allergy screening or the management of nickel-related
complications. Current diagnostic approaches rely on skin
patch testing, which can identify patients at risk of develop-
ing hypersensitivity reactions before or after device implan-
tation [15]. Additionally, the decision to remove the de-
vice often depends on the severity of symptoms and the pa-
tient’s overall quality of life (QoL) post-implantation. The
present study aims to retrospectively analyze the outcomes
of patients who underwent totally endoscopic removal of
PFO/ASD occluder devices due to nickel hypersensitivity,
focusing on symptom resolution and the safety of the min-
imally invasive surgical approach.

2. Methods
2.1 Patients

This retrospective study included 95 patients who un-
derwent totally endoscopic removal of PFO/ASD occluder
devices at our center between 2020 and 2025. Consec-
utive patients referred for endoscopic device explantation
were evaluated. Device removal was considered only af-
ter documented failure of a standardized medical optimiza-
tion protocol [16—18]. Inclusion required: (1) >2 refrac-
tory symptoms persisting >6 months despite medical ther-
apy, including migraines, chest pain, palpitations, and dys-
pnea; (2) Transesophageal echo verifying device position
without erosion/thrombosis or residual shunt. Exclusions:
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Video 1. Intraoperative video of totally endoscopic intracardiac patent foramen ovale (PFO)/atrial septal defect (ASD) occluder

device removal. Video associated with this article can be found, in the online version, at https://doi.org/10.31083/HSF49911.

severe valvular/coronary disease, autoimmune/infectious
comorbidities, or contraindications to totally endoscopic
surgery, such as severe pleural adhesions, prior right tho-
racic surgery, and BMI >35 kg/m? (limited working space).
All patients were evaluated for nickel allergy through patch
testing prior to surgery. Patient selection followed a rigor-
ous multi-stage screening process as detailed in Fig. 1.

2.2 Echocardiographic Assessment Protocol

Comprehensive  transthoracic  echocardiography
(TTE) and transesophageal echocardiography (TEE)
were performed preoperatively and 48 h postoperatively
following the guidelines of the American Society of
Echocardiography (ASE). Key parameters included: (1)
Septal morphology: Defect size, rim thickness (aor-
tic/atrial/caval), septal aneurysm (excursion >10 mm); (2)
Hemodynamic impact: right ventricular function assessed
by tricuspid annular plane systolic excursion (TAPSE)
and fractional area change (FAC); (3) Complications: De-
vice erosion/thrombosis, residual shunt. Device erosion,
thrombosis, or residual interatrial shunt. A significant
residual shunt was defined as a color Doppler jet width
of >2 mm measured by TEE, and/or the presence of >10
microbubbles in the left atrium within 3 cardiac cycles on
saline contrast study (agitated saline bubble test) according
to current guideline recommendations.
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2.3 Surgical Procedure

The patient was placed in a supine position with the
right side elevated. Following the induction of general
anesthesia and endotracheal intubation, invasive monitor-
ing was established via left radial arterial and venous cannu-
lation. Systemic heparinization was achieved. Cardiopul-
monary bypass (CPB) was established through cannulation
of the right femoral artery and vein. The femoral venous
cannula was advanced to the orifice of the inferior vena
cava (IVC), and the superior vena cava (SVC) was percuta-
neously cannulated via the right supraclavicular approach.
The 3 cm main operating port was created in the 4th inter-
costal space just lateral to the right midclavicular line. The
thoracoscope was introduced through a port in the 4th inter-
costal space at the right anterior axillary line. A transtho-
racic Chitwood clamp was introduced through 5th inter-
costal space at the midclavicular line to cross-clamp the
ascending aorta and cardioplegic arrest was successfully
induced. The SVC was temporarily occluded with an oc-
clusion clamp and ensure satisfactory drainage with central
venous pressure below 15 mmHg. The right atrium was
incised and the previously implanted occluder was identi-
fied and meticulously dissected and completely removed.
The iatrogenic atrial septal defect created by the occluder
was repaired with no residual shunt confirmed by testing.
After thorough de-airing, the aortic cross-clamp was re-
leased. The patient was weaned from CPB, heparin re-
versed, hemostasis achieved. A right thoracic drainage tube
was placed and the thoracic incisions were closed in lay-
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ers. Based on preoperative contrast echocardiography, in-
traoperative re-evaluation was performed to confirm the de-
vice condition, followed by complete removal and assess-
ment of endothelialization status using a standardized vi-
sual scale: Complete (smooth tissue coverage, no visible
metal), Partial (patchy coverage with <50% metal expo-
sure), Incomplete (>50% metal struts exposed). The resid-
ual septal defects after device explantation were repaired ei-
ther through direct suturing or with the bovine pericardium
patch (Video 1). Postoperatively, patients were transferred
to the intensive care unit (ICU) and managed with standard-
ized analgesia protocols. Following extubation and chest
tube removal, transthoracic echocardiography confirmed
the absence of residual shunts. Patients were routinely dis-
charged approximately 3—5 days after surgery.

2.4 Data Collection

Data on patient demographics, clinical symptoms,
nickel allergy testing results, surgical details, and postoper-
ative outcomes were collected from medical records. QoL
was assessed preoperatively and at follow-up intervals (3
days, 1 month, and 6 months postoperatively). Preoperative
nickel allergy screening via patch testing (TRUE Test™,
5% nickel sulfate) and the patch test contraindications in-
cluded active dermatitis at test site, immunosuppressant use
>10 mg/day prednisone. The patch is typically placed on
the patient’s back and left in place for 48 hours and mon-
itored for allergic reaction. After 48 hours, the patch is
removed, and the skin is evaluated for redness, swelling,
itching, or blistering, which would indicate a positive reac-
tion. The test site is then re-examined at 72 and 96 hours
to observe any delayed allergic responses. All patients with
positive/negative allergy results were closely monitored for
symptom improvement after device removal. Postoperative
complications were documented.

2.5 Follow-up

Patients assessments were performed at preoperative
baseline and postoperatively (3-day, 1-month, 6-month).
During each follow-up visit, clinical symptoms, QoL, and
any potential complications were recorded. The primary
endpoint was the complete resolution or significant im-
provement of symptoms, such as migraines, chest pain, and
palpitations, as assessed through patient-reported outcomes
and clinical evaluations. Secondary endpoints included the
absence of major complications such as atrial fibrillation
(AF), stroke, or the need for reoperation. QoL Scores were
transformed to a 0—100 scale according to RAND Corpo-
ration protocols, with higher scores indicating better health
status. QoL was categorized as: Poor: Score <50 (substan-
tial limitations in >3 domains), Fair: Score 50-69 (mod-
erate limitations), Good: Score >70 (minimal limitations,
within 10% of population norms).

2.6 Statistical Analysis

Descriptive statistics were used to summarize patient
demographics and clinical characteristics. Continuous vari-
ables were expressed as mean (SD) or median with in-
terquartile range (IQR), as appropriate. Categorical vari-
ables were presented as counts and percentages. Patients’
QoL was assessed using the 36-Item Short Form Survey
(SF-36), administered at 3-day, 1-month, and 6-month post-
operative intervals. Missing domain items were imputed
using the domain mean if >50% of items were completed.
Scoring followed RAND Corporation protocols, rated as
Poor, Fair, or Good. The categorization thresholds align
with established SF-36 population norms [19] and car-
diac surgery validation studies [20,21]. To account for re-
peated ordinal measures within subjects over time, we em-
ployed generalized estimating equations (GEE) with a cu-
mulative logit link (proportional odds model). An unstruc-
tured working correlation matrix was used to model within-
subject dependence. The model included timepoint (cate-
gorical) as the main predictor, with pre-surgery as the ref-
erence. Random intercepts for each patient were included
to account for individual variability. The following co-
variates were adjusted for in the model: Age, Sex, Indica-
tion for device placement (stroke/transient ischemic attack
(TIA), migraine, ASD, asymptomatic), Device brand (AGA
Amplatzer, Lepu Medical, LifeTech, Starway), Implant-to-
explant interval (months) and Nickel allergy status (pos-
itive/negative). The proportional odds assumption was
tested using score tests and graphical methods (parallel lines
assumption). If violated, partial proportional odds models
or alternative link functions were considered. Sensitivity
analyses were conducted by: (1) Treating SF-36 domain
scores as continuous and using linear mixed-effects models.
(2) Using a binary logistic GEE model (Good vs. Not Good)
to assess robustness. (3) Excluding patients with missing
covariate data (<5%) to evaluate completeness. Model fit
was assessed using QIC (Quasi-Likelihood under Indepen-
dence Model Criterion). Pairwise comparisons between
timepoints were adjusted using the Bonferroni method. A
two-sided p-value <0.05 was considered statistically sig-
nificant. All statistical analyses were performed using SAS
version 9.4 (PROC GENMOD; SAS Institute Inc., Cary,
NC, USA) and R version 4.2.0 (R Foundation for Statisti-
cal Computing, Vienna, Austria).

3. Results

Of 110 patients initially referred for endoscopic ex-
plantation evaluation, 95 (86.4%) comprised the final study
cohort after application of exclusion criteria (Fig. 1). The
screening process excluded 15 patients: 8 (7.3%) for in-
sufficient medical optimization or asymptomatic status, 2
(1.8%) for device thrombosis, 2 (1.8%) for significant resid-
ual shunt, and 3 (2.7%) for contraindications to endoscopic
approach (1 with autoimmune disease, 1 with prior right
thoracic surgery, 1 with BMI >35 kg/m?).
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All 95 patients in the final cohort successfully under-
went totally endoscopic device removal without conversion
to open procedure (100% technical success rate). The co-
hort of 95 patients had a median age of 32.6 years, with a no-
table female predominance (89.5%). Among the patients,
the most commonly used devices were from LifeTech Sci-
entific Corporation accounting for 34.7%, while AGA Am-
platzer devices were used in 10.5% of cases. Cardiovascu-
lar comorbidities, such as coronary artery disease (2.1%),
hyperlipidemia (5.3%), and hypertension (5.3%), were rel-
atively uncommon. Psychiatric conditions were also infre-
quent, with 7.4% of patients diagnosed with anxiety and
5.3% with depression. Autoimmune and thyroid conditions
were rare. Notably, metal allergies were highly prevalent,
with 47.4% of patients reporting allergies to common items
like belt buckles or earring studs, indicating a potential link
between metal sensitivity and device-related complications.

The primary indication for device placement was a
history of stroke or TIA (47.4%), followed by refractory
headaches or migraines (36.8%). ASD accounted for 10.5%
of cases, and 5.3% of patients were asymptomatic. The
high prevalence of neurological conditions, particularly mi-
graines and stroke, reflects their established association
with PFO. Importantly, patients with documented allergy
histories, particularly metal allergies, may have experi-
enced complications that led to the need for device removal,
suggesting a possible influence of allergies on long-term de-
vice success (Table 1).

After device placement, 84.2% of the patients reported
experiencing pain, with specific symptoms varying widely.
Headaches or migraines were prevalent in 47.4% of pa-
tients, while chest pain affected 21.1%. Neurological symp-
toms were reported in 42.1% of the cohort, such as dizziness
or vertigo (21.1%) and blurred vision (21.1%). Cardiovas-
cular issues were common, such as palpitations (15.8%),
breathlessness on exertion (21.1%), and arrhythmias or
tachycardia (15.8%). Fatigue affected 31.6% of patients,
and gastrointestinal symptoms, skin rash, and depression
were reported by 10.5% of patients each. Notably, the
majority of symptoms (84.2%) occurred immediately post-
operatively, while 10.5% experienced symptoms within the
first month, and 5.3% had symptoms that appeared more
than one month after surgery (Table 2).

3.1 Nickel Allergy Testing

Fig. 2 demonstrates the outcomes of nickel allergy
patch testing in patients with implanted PFO/ASD occluder
devices. In the left image, a clear positive reaction (indi-
cated by the red arrow) is visible, showing localized in-
flammation at the nickel test site. The right image presents
the testing process, where various allergens are applied
on the patient’s back using patches. Positive reactions to
nickel were commonly observed in patients who experi-
enced postoperative complications, reinforcing the connec-
tion between nickel hypersensitivity and the need for device
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Table 1. Patient demographic and characteristics.

Characteristic Result (n = 95)
Age (y) 32.6 (12-52)
Female sex 85 (89.5)
Device type

AGA Amplatzer 10 (10.5)

Lepu Medical 32 (33.7)

LifeTech Scientific Corporation 33 (34.7)

Starway Medical company 20 (21.1)
Cardiovascular

Coronary artery disease 2(2.1)

Hyperlipidemia 5(5.3)

Hypertension 5(5.3)
Psychiatric

Anxiety 7(7.4)

Depression 5(5.3)
Autoimmune

Rheumatoid arthritis 2(2.1)

Hashimoto thyroiditis 2(2.1)
Thyroid

Hypothyroidism 2(2.1)

Hyperthyroidism 2(2.1)
Other

Chronic kidney disease 0(0)

Type 2 diabetes 2(2.1)
Documented allergy histories 65 (68.4)

Metal allergy (Belt buckles/Earring 45 (47.4)

stud/Intrauterine device)

Allergic rhinitis 5(5.3)

Urticaria 5(5.3)

Antibiotic allergy 5(5.3)

Aspirin 5(5.3)
Indications for PFO/ASD occluder device
placement

History of stroke/TIA 45 (47.4)

Refractory headaches/migraines 35 (36.8)

ASD 10 (10.5)

Asymptomatic 5(5.3)

Values are presented as median (IQR) orn (%). PFO, Patent Fora-
men Ovale; ASD, Atrial Septal Defect; TIA, Transient Ischemic
Attack.

explantation.

3.2 Intraoperative Findings and Surgical Procedure

Fig. 3 illustrates the critical steps in the totally endo-
scopic removal of a PFO occluder device, highlighting both
the technical aspects and intraoperative findings. Upon ex-
posure of the right atrium, the device is delicately separated
from the septal tissue, after that, the residual septal defect
is inspected for any structural abnormalities or incomplete
healing. The procedure is completed with direct suturing
of the septal defect or using tissue patch. The totally en-
doscopic approach, as demonstrated in these images, was
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Fig. 2. Patch testing for nickel allergy in patients with PFO/ASD occluder devices. The images depict the results of patch testing,

with positive reactions indicated by the red arrows. The left image shows a skin reaction with inflammation at the test site, while the right

image displays the test setup, including various allergens applied via patches. The positive reaction suggests nickel hypersensitivity, a

key factor in postoperative complications and device explantation decisions.

Fig. 3. Intraoperative images of totally endoscopic removal of a PFO occluder device. The sequence illustrates (A) initial exposure

of the heart and surrounding structures, (B) identification and isolation of the PFO occluder device, (C) device removal and (D) inspection

of the residual defect, (E) preparation for septal repair, and (F) completion of the repair with direct suturing.

efficient and resulted in a clear operative field, allowing for
a successful and complication-free surgery.

All 95 patients undergoing PFO or ASD occluder re-
moval were treated with a totally endoscopic surgical ap-
proach, without the need for thoracotomy or sternotomy.
Residual septal defects after devices removal were sutured

directly in 96.8% patients, and only 3 patients (3.2%) re-
quiring a tissue patch. Nickel allergy testing was per-
formed in all patients, with a majority (89.5%) testing pos-
itive, suggesting a strong correlation between nickel sen-
sitivity and device-related complications. The mean CPB
time was 71.2 minutes, while cross-clamp time averaged
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Table 2. Symptoms after device placement and the time of
symptom onset.

Table 3. Perioperative data of patients received PFO/ASD

occluder removal.

Symptoms n=95
Time of symptom onset

Post-operative immediate 80 (84.2)

Within 1 month post-operatively 10 (10.5)

Over 1 month post-operatively 5(5.3)
Pain

Chest pain 20 (21.1)

Headaches/migraines 45 (47.4)

Muscle/body aches 15 (15.8)
Neurologic

Dizziness/vertigo 20 (21.1)

Blurred vision 20 (21.1)
Cardiovascular

Palpitations 15 (15.8)

Breathlessness on exertion 20 (21.1)

Arrhythmia/Tachycardia 15 (15.8)

Fainting 10 (10.5)
Fatigue 30 (31.6)
Depression 10 (10.5)
Gastrointestinal 10 (10.5)
Cough 10 (10.5)
Skin rash/Itching 10 (10.5)

Values are presented as median (IQR) or n (%).

34.6 minutes. Intraoperative blood loss was minimal, av-
eraging 36.8 mL, and ventilation time postoperatively av-
eraged 4.7 hours. There were no cases of reoperation for
bleeding or in-hospital deaths, reflecting a favorable safety
profile. The tricuspid valve was inspected intraoperatively
and found to be functionally normal, thus requiring no re-
pair. There was no iatrogenic damage to the valve. Chest
drainage volume was low, averaging 17.5 mL, with an aver-
age chest drainage weaning time of 10.9 hours. Only 2 pa-
tients (2.1%) developed postoperative AF, further indicat-
ing a low complication rate (Table 3). Fig. 4 depicts the ex-
planted PFO occluder device in multiple orientations. The
images clearly show the device’s structural integrity post-
explantation, with visible tissue remnants and signs of com-
plete endothelialization.

3.3 Postoperative Findings and Surgical Scarring

Fig. 5 shows the postoperative incisions following a
totally endoscopic PFO occluder device removal. The red
arrows indicate small thoracoscopic entry sites used dur-
ing the surgery, while the white arrow highlights the pri-
mary incision through which the occluder device was re-
moved. The image reveals minimal scarring and localized
bruising, demonstrating the effectiveness of the endoscopic
approach.

QoL ratings among the 95 patients markedly improved
following PFO/ASD occluder removal (Table 4). Preoper-
atively, most patients reported poor QoL (55.8%, n = 53),
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Characteristic Result
Surgical approach

Totally endoscopic 95 (100)

Thoracotomy/sternotomy 0
Residual septal defects

Directly repair 92 (96.8)

Tissue Patch 3(3.2)
Nickel allergy testing

Patch positive 85 (89.5)

Patch negative 10 (10.5)
CPB time, median (IQR), min 71.2 (50-128)
Cross Clamp time, median (IQR), min 34.6 (14-76)
Blood loss, mean (SD), mL 36.8 (21.6)
Ventilation time, mean (SD), h 4.7(1.8)
Reoperation for bleeding, n (%) 0
In hospital death (%) 0
Chest drainage volume, mean (SD), mL 17.5(19.3)
Chest drainage weaning time, mean (SD), h 10.9 (1.8)
Postoperative AF, n (%) 2(2.1)

Values are presented as median (range) or n (%). PFO, Patent
Foramen Ovale; ASD, Atrial Septal Defect; CPB, Cardiopul-
monary Bypass; SD, Standard Deviation; AF, Atrial Fibrilla-
tion.

with only 7.4% (n = 7) rating it as good. By 3 days post-
surgery, a substantial improvement was observed: 52.6%
(n = 50) reported good QoL, and poor ratings decreased
sharply to 5.3% (n =5). At I-month follow-up, good QoL
further increased to 76.8% (n = 73), while poor ratings per-
sisted in only 2 patients (2.1%). The most dramatic im-
provement occurred at 6 months post-surgery, with 95.8%
(n=91) reporting good QoL, and only 2 patients each cat-
egorized as fair (2.1%) or poor (2.1%) (Fig. 6). Sensitivity
analyses confirmed the robustness of these findings. Linear
mixed models of continuous SF-36 scores showed a signif-
icant time effect (p < 0.001). A binary model for achieving
“Good” QoL yielded similarly increasing odds over time
(6-month OR =42.10, 95% CI: 19.21-92.28). A complete-
case analysis (n = 91) produced nearly identical results, in-
dicating that missing data did not influence the conclusions.

4. Discussion

The present study demonstrates that totally endo-
scopic removal of PFO/ASD occluder devices is a safe and
effective treatment for patients with severe, device-related
complications, particularly those associated with nickel hy-
persensitivity. The primary findings indicate that device ex-
plantation significantly improves clinical symptoms, with
95.8% of patients reporting good QoL at six months post-
operatively. Additionally, the totally endoscopic approach
was associated with minimal perioperative complications,
no conversions to thoracotomy, and excellent cosmetic out-
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Side view

Right atrial wew

Left atrial view

Fig. 4. Explanted PFO occluder device, displaying post-removal condition. The figure shows multiple views of the device, including

top-down and side perspectives.

Table 4. Quality of life ratings over time with adjusted odds ratios from GEE ordinal regression (n = 95).

Quality of life rating, n (%)

Follow-up timepoint Adjusted OR* (95% CI)  p-valuet
Poor Fair Good

Pre-surgery 53 (55.8) 35(36.8) 7(7.4) 1.00 (Ref)

3-day post-surgery 5(5.3) 40 (42.1) 50(52.6) 8.21 (4.12-16.35) <0.0001*

1-month post-surgery 2(2.1) 20 (21.1) 73 (76.8) 15.47 (7.89-30.35) <0.0001*

6-month post-surgery 2(2.1) 2(2.1) 91 (95.8) 35.92 (16.84-76.61) <0.0001*

GEE, generalized estimating equations; OR, Odds Ratio; CI, Confidence Interval, *Adjusted for age,

sex, indication, device brand, implant-to-explant interval, and nickel allergy status. fp-values ad-

justed for multiple comparisons (Bonferroni correction; o = 0.0167). Proportional Odds Assumption:

Score test p = 0.12, assumption upheld. Sensitivity Analyses: Linear mixed model for continuous

SF-36 scores showed consistent improvement over time (p < 0.001). Binary logistic GEE (Good

vs. Not Good) yielded similar ORs and significance. Complete-case analysis (n = 91) did not alter

conclusions.

comes, reinforcing its safety and efficacy. The findings un-
derscore the need for careful patient selection and moni-
toring for nickel hypersensitivity in individuals undergoing
PFO/ASD device implantation.

Our findings are consistent with previous studies that
have highlighted the positive outcomes of device removal in
patients experiencing complications associated with nickel
hypersensitivity. Similar to the results reported by Sharma
et al. [9] who found significant symptom relief in 58 pa-
tients following the removal of atrial septal occluders, our
study showed a high rate of symptom resolution. Likewise,
Fernandes et al. [22] reported complete migraine resolu-
tion in a 16-year-old patient following device explantation

due to nickel allergy, a result that aligns with the improve-
ments observed in our cohort. However, our study dif-
fers from prior research in terms of the surgical approach.
While previous studies have primarily focused on open tho-
racotomy for device removal, such as in the case series by
Verma and Tobis [23], we employed a totally endoscopic
approach, which resulted in minimal scarring and faster
recovery times. This minimally invasive method demon-
strated similar efficacy in symptom resolution without the
need for more invasive surgical techniques. Furthermore,
our study highlights the importance of preoperative nickel
allergy testing, as 89.5% of patients with positive tests
showed substantial improvement post-explantation, which
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Fig. 5. Postoperative thoracoscopic incisions following totally endoscopic removal of a PFO occluder device. The red arrows

highlight small thoracoscopic entry points, while the white arrow indicates the primary incision for device removal. Minimal scarring
is visible, demonstrating the less invasive nature of the procedure. The image illustrates the favorable cosmetic outcome and limited

surgical trauma associated with the endoscopic approach.

reinforces the findings of Apostolos et al. [6] on the role of
nickel allergy in device-related complications. Besides, the
10.5% nickel-negative patients also exhibited improvement
post-explantation, which may attributed to removal of en-
dothelial dysfunction profiles, confirming device removal

&% IMR Press

as a universal solution for refractory complications. The
combination of our surgical approach and focus on allergy
testing makes our study unique compared to prior literature.

The finding that a substantial majority of patients in
this cohort presenting for occluder removal had a docu-
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Fig. 6. Longitudinal quality of life improvement following endoscopic PFO/ASD occluder removal. Stacked percentage bar chart

showing the distribution of Quality of Life ratings (Poor, Fair, Good) at four time points among 95 patients. Percentages are labeled within

each segment. Adjusted odds ratios (OR) from GEE ordinal regression model are displayed above each bar, demonstrating significant

improvement over time (all p < 0.0001). The proportion of patients reporting “Good” QoL increased from 7.4% preoperatively to 95.8%

at 6 months post-surgery.

mented allergy—most commonly metal hypersensitivity—
is striking but consistent with a growing body of evidence.
This high prevalence is not representative of the general
population receiving cardiac occluders but is instead a pro-
found example of selection bias. This cohort does not con-
sist of random post-operative patients; it is a highly spe-
cific group whose devices have failed, often due to intoler-
able adverse symptoms that prompted surgical intervention.
Therefore, the 80%+ figure likely reflects the key etiologi-
cal role of hypersensitivity reactions in driving device fail-
ure and explantation, rather than the incidence of allergy in
all implanted patients.

Supplementary Table 1 highlight various cases and
studies concerning patients who underwent device explan-
tation due to complications related to PFO or ASD occlu-
sion devices. A recurrent theme across several studies is
the resolution of symptoms, such as migraines, chest pain,
and systemic hypersensitivity, following the removal of the
devices. In the case of Fernandes et al. [22], a 16-year-
old male experienced complete relief from migraines post-
explantation after six years, with incomplete endothelializa-
tion identified as a contributing factor [22]. Other studies,
such as Spina et al. [24] and Wertman et al. [4], also under-
score the link between nickel hypersensitivity and adverse
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outcomes, recommending preoperative allergy screening.
Studies like Rodés-Cabau et al. [1] showed that dual an-
tiplatelet therapy could reduce migraines in patients with
ASD occlusion devices. Finally, Sadasivan Nair et al. [14]
and Verma and Tobis [23] highlight that nickel allergies are
a significant reason for explantation, with complete symp-
tom resolution post-device removal in most cases. These
findings underscore the importance of preoperative assess-
ments and monitoring for nickel allergies to avoid long-
term complications.

The endoscopic method used in our cohort resulted
in shorter recovery times, minimal postoperative complica-
tions, and excellent cosmetic outcomes. Unlike traditional
open thoracotomy, which has been the standard in cases
requiring PFO or ASD device explantation [23]. Further-
more, the high success rate of direct septal repair (96.8%)
without the need for extensive patch repair emphasizes
the effectiveness of the endoscopic technique in managing
residual septal defects, a finding that has not been as promi-
nently addressed in prior studies. The minimal blood loss
(36.8 mL) and low incidence of postoperative AF (2.1%) in
our study further highlight the safety profile of this tech-
nique compared to previous reports where complications
such as arrhythmia were more prevalent following device
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explantation using traditional methods [9]. Additionally,
the emphasis on preoperative nickel allergy testing, with
89.5% of patients showing positive results, supports the
growing recognition of the importance of allergy screen-
ing in device-related procedures [6]. This comprehensive
combination of a minimally invasive approach and targeted
preoperative assessments makes our study unique and high-
lights the potential for improving patient outcomes in future
cases.

One limitation of our study is its retrospective design,
which may introduce selection bias and limit the gener-
alizability of the results. While our retrospective design
precludes definitive causal attribution, the temporal asso-
ciation between device implantation and symptom onset
provides compelling evidence: 84.2% (80/95) of patients
developed symptoms within 24 hours post-procedure (Ta-
ble 2), corresponding precisely to the 12-72 hour activa-
tion window of Type IV nickel hypersensitivity reactions.
This acute manifestation pattern—distinct from endothe-
lialization failure (typically >4 weeks)—strongly impli-
cates immune-mediated mechanisms rather than mechani-
cal complications. Additionally, the relatively small sample
size of 95 patients may not fully capture the broader popula-
tion of individuals with PFO/ASD occluder devices, espe-
cially those with nickel hypersensitivity. While our cohort
represents the largest reported series of totally endoscopic
PFO/ASD device explantations, we acknowledge that rare
indications inherently limit sample size. The lack of a con-
trol group for comparison with non-allergic patients further
limits the strength of our conclusions. Moreover, long-term
follow-up data beyond six months were not available, pre-
venting an assessment of the durability of symptom relief
and long-term complications. While our study confirmed
nickel allergy via patch testing, we lacked micro-level anal-
ysis of explanted devices (e.g., SEM quantification of cor-
rosion or microthrombi). Future work will include these
analyses to quantify surface degradation and its clinical cor-
relations. Lastly, while nickel hypersensitivity was identi-
fied in the majority of patients, the specific pathophysio-
logical mechanisms linking nickel allergy to device-related
symptoms remain unclear, requiring further research.

5. Conclusions

In conclusion, the totally endoscopic removal of
PFO/ASD occluder devices offers a promising, minimally
invasive option for patients experiencing complications re-
lated to nickel hypersensitivity or device intolerance. This
approach is not only associated with favorable cosmetic
outcomes and reduced surgical trauma but also provides
significant symptom relief. However, the current under-
standing of nickel hypersensitivity and its long-term im-
pact on intracardiac devices remains limited. Future stud-
ies should focus on developing standardized screening pro-
tocols for nickel allergy prior to device implantation and
exploring the long-term safety and effectiveness of endo-

&% IMR Press

scopic explantation procedures. Additionally, more exten-
sive research is needed to elucidate the pathophysiological
mechanisms linking nickel exposure to device-related com-
plications, which could inform both preoperative assess-
ments and post-implantation monitoring strategies. Multi-
center, prospective trials with larger, more diverse popula-
tions will be crucial to improving the management and treat-
ment outcomes for patients requiring PFO/ASD occluder.
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