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Nickel hypersensitivity and endovascular devices: a
systematic review and meta-analysis

Aurélien M Guéroult

ABSTRACT

Objective Nickel allergy is common; endovascular
spedialists are often confronted with nickel allergic
patients ahead of the implantation of endovascular
devices, many of which are nickel-containing. Our aim
was to elucidate whether nickel hypersensitivity is
significantly associated with worse or adverse outcomes
after placement of a nickel-containing endovascular
device.

Methods Inclusion criteria were: endovascular and
transcatheter procedures for coronary, structural heart,
neurovascular and peripheral vascular pathology
involving nickel-allergic patients. All adverse outcomes
were included as defined by included studies. A
systematic review and meta-analysis were undertaken
using a random-effects model. Searches of MEDLINE
and EMBASE were conducted for articles published
1947-2019.

Results 190 records were identified, 78 articles were
included for qualitative synthesis and 15 met criteria
for meta-analysis. Patch-test confirmed nickel allergy
was associated with an increased risk of adverse
outcomes following implantation of a nickel-containing
endovascular device (n=14 articles, 1740 patients; OR
2.61,95% CI 1.41 to 4.85). This finding further was
observed in coronary (n=12 articles, 1624 patients;

OR 1.94, 95% ClI 1.16 to 3.23) and structural heart
subgroups (n=2 articles, 83 patients; OR 52.28, 95% Cl
1.31t0 2079.14), but not in the neurovascular subgroup
(n=1 article, 33 patients; OR 3.04, 95% Cl 0.59 to
15.72) or with a patient-reported history of nickel allergy
(n=2 articles, 207 patients; OR 2.14, 95% (1 0.23 to
19.70).

Conclusions Patch-tested nickel allergy is associated
with an increased risk of adverse outcomes following
endovascular device implantation and alternative
treatment options should be considered. Specialists
faced with patients’ self-reporting nickel allergy should
consider proceeding to diagnostic patch-testing.

INTRODUCTION

Endovascular devices are routinely used to treat
vascular pathologies. The majority of these devices
are composed of metallic alloys containing nickel.
Nickel is a common hapten and hypersensitivity to
the metal is prevalent in the adult population (17%
in females and 3% in males).! As a result, endo-
vascular specialists frequently face the scenario of
implanting a nickel-containing device in a nickel-
allergic patient. This is a cause for concern as severe
reactions to nickel-containing intravascular devices
are reported.” Furthermore, it has been conjectured
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that nickel allergy may be associated with an
increased risk of adverse outcomes following device
implantation, such as in-stent restenosis (ISR).2
However, there is no clear consensus whether
hypersensitivity to nickel is a contraindication to
implantation of a nickel-containing device. This
systematic review aims to elucidate whether nickel
hypersensitivity is significantly associated with
adverse outcomes after the placement of a nickel-
containing endovascular device.

METHODS

This systematic review was undertaken in accor-
dance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. There is no available written protocol
for this review.

Search strategy

Searches of the online databases MEDLINE and
EMBASE were performed on 10 January 2021 for
all articles published since 1947. The search was
not performed for unpublished studies.

There were no restrictions imposed on the search
regarding publication type or language. Search
terms included ‘nickel’, ‘metal’, ‘allergy’, ‘hyper-
sensitivity’, ‘endovascular’, ‘device’, ‘coil’ and
‘stent’. The full search string can be seen in online
supplemental file 1. References and appendices of
all included articles were also screened to identify
any further eligible articles.

As a systematic review and meta-analysis, it was
not appropriate or possible to involve patients or
the public in the design, or conduct, or reporting,
or dissemination plans of our research.

Inclusion criteria

Inclusion criteria were: all endovascular/transcath-
eter procedures for coronary, structural heart,
neurovascular and peripheral vascular pathology
involving patients with nickel hypersensitivity
(table 1). All adverse outcomes were included as
defined by eligible studies, for meta-analysis these
were: ISR (defined as >50% diameter stenosis
at the stent site), re-ISR, ‘device syndromes’ and
‘fish-mouthing’ (table 2). Articles identified by the
search were independently screened using the title
and abstract initially, then using the full text against
the a priori inclusion criteria by two reviewers
(AMG, AA-B). Any discrepancies were discussed
between the two reviewers. If no agreement could
be found, a third author (JS) arbitrated selection.
Due to the sparsity of eligible articles, quality/rigour
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Coronary artery disease

Table 1 Inclusion and exclusion criteria relating to the systematic
review and meta-analysis

Inclusion criteria Exclusion criteria

Systematic review
Clinical medicine Non-human and in vitro

Endovascular and transcatheter
procedures

Open and ‘non-endovascular’ procedures

Coronary, structural heart,
neurovascular and peripheral vascular
(including venous) pathology

Nickel hypersensitivity including as
the constituent of an alloy (such as
stainless steel, cobalt chromium and
nitinol)

Gynaecological clips and coils, orthopaedic
prostheses, electrophysiological and
circulatory support devices

Non-nickel metal hypersensitivity

Nickel hypersensitivity and allergy,
allergy induction, allergy prevention,
allergy avoidance, allergy reduction,
allergy treatment

Meta-analysis
Any study design
Nickel allergy confirmed on patch test

History of nickel allergy (including
"history of metal allergy’)

Hypersensitivity to device or implant
adjuncts such as eluents or polymers in
drug-eluting stents

All other types of articles
Non-specific metal allergy on patch test

"Hybrid" control groups: mixture of non-
allergic on patch test/history

Defined adverse outcome(s)

was not assessed prior to exclusion. Risk of bias assessment was
performed after selection using the GRADE tool (online supple-
mental file 4).

Meta-analysis

Heterogeneity was assessed by the I? statistic using RevMan
5 software (Cochrane, UK). Dichotomous data (usually
summarised as ORs) for the incidence of ‘adverse events” were
pooled across the included studies. Meta-analysis was performed
using RevMan 5 using a DerSimonian and Laird random-effects
model, the results were combined by the Mantel-Haenszel
method.

Qualitative synthesis

A qualitative content analysis method was used to synthesise
findings from the 78 articles included in the review’s qualitative
synthesis.

RESULTS

Study selection is summarised in the PRISMA flowchart
(figure 1). A total of 190 records were identified in our initial
search; 78 articles were included in this review’s qualitative
synthesis; 14 studies were included in a quantitative synthesis
(meta-analysis). The characteristics of the included articles by
specialty are summarised in tables 2 and 3 and online supple-
mental file 2. The funnel plot of included articles is symmet-
rical suggesting low reporting bias (online supplemental file 3).
A pooled meta-analysis was performed examining the relation-
ship between patch test confirmed nickel allergy and adverse
outcomes following coronary, structural heart and neurovascular
interventions. Heterogeneity between studies was moderate
(p=0.03, ’=449%) (figure 2). Subgroup analyses by specialty
revealed that the structural heart subgroup was the most hetero-
geneous (p=0.06, [*=729%) and the coronary subgroup the least
(p=0.29, ’=16%). Further subanalysis of the coronary studies
by adverse outcome (de novo ISR vs repeat ISR) showed minimal
heterogeneity in the de novo ISR group (p=0.68, ?=00) and

re-ISR group (p=0.64, [*=0%) (figure 3). In the meta-analysis
of study arms investigating the relationship between history of
metal/nickel allergy and adverse outcomes, heterogeneity was
substantial (p=0.1, I*=63%) (figure 4).

The pooled meta-analysis of all specialties suggested that
nickel allergy confirmed on a skin patch test may be associated
with an increased risk of adverse outcomes following implanta-
tion of a nickel-containing endovascular device (n=14 articles,
1740 patients; OR 2.61, 95% CI 1.41 to 4.85) (figure 2). This
finding was further observed in coronary (n=12 articles, 1624
patients; OR 1.94, 95% CI 1.16 to 3.23) and structural heart
subgroups (n=2 articles, 83 patients; OR 52.28, 95% CI 1.31 to
2079.14), but not in the neurovascular subgroup (n=1 article,
33 patients; OR 3.04, 95% CI 0.59 to 15.72). Further subanal-
ysis of the coronary studies by adverse outcome suggested that
confirmed nickel allergy may increase the risk of re-ISR (n=2
articles, 193 patients; OR 5.00, 95% CI 2.11 to 11.85), but not
de novo ISR (n=10 articles, 1431 patients; OR 1.38, 95% CI
0.83 to 2.30) (figure 3). In the history of nickel/metal allergy
meta-analysis, no significant increase in risk of adverse outcome
was observed (n=2 articles, 207 patients; OR 2.14, 95% CI 0.23
to 19.70) (figure 4).

DISCUSSION
Our pooled 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
endovascular device (OR 2.61, 95% CI 1.41 to 4.85).
Unsurprisingly for a pooled analysis of multidisciplinary studies
with different interventions and mixed ‘adverse outcomes’, the
heterogeneity of studies was significant (p=0.03, *=449%);
however, subgroups were, for the most part, more homogenous.
Thus, it is more valuable to discuss results of the meta-analysis
for each specialty/subgroup in turn, incorporating our qualita-
tive synthesis of the reviewed literature.

Coronary endovascular interventions

Pooled analysis of coronary studies suggested a significantly
increased risk of ISR/re-ISR in nickel-allergic patients (OR 1.94,
95% CI 1.16 to 3.23). This relationship was not observed for de
novo ISR (OR 1.38, 95% CI 0.83 to 2.30); but for refractory
ISR, nickel allergy was associated with a fivefold increase in risk
(OR 5.00, 95% CI 2.11 to 11.85). This is consistent with the
findings of the lijima et al study.”

The pathophysiology of recurrent ISR is poorly understood
and available treatments are of limited efficacy.” Our meta-
analysis suggests that nickel allergy may have a pathophysio-
logical role in some cases of recurrent ISR, although only two
studies met eligibility criteria for inclusion.” * This is relevant
to the issue of re-ISR as steroids and/or stent explantation may
be offered to patients earlier. There are several case reports of
potentially nickel-allergic patients affected by multiple episodes
of re-ISR who became recurrence-free after courses of systemic
steroid therapy.*® In other cases, stent removal®” was the ther-
apeutic strategy.

Although the incidence of ISR has significantly reduced with
the use of drug-eluting stents (DES), their binary restenosis rate
at 2 years is still c. 5%-10%7 and the stent struts frequently
contain nickel. A Japanese study reported no difference in DES
binary restenosis rate between a patch-tested metal allergic
group compared with a non-allergic group (6.3% vs 6.5%,
p=0.98)."" They concluded that sirolimus-eluting stents prevent
ISR irrespective of metal allergy;'® however, this conclusion does
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Table 2 Characteristics of studies included in the meta-analysis

Confirmation of
Reference Sample size  Study population characteristics allergy Outcome Results

Coronary endovascular interventions (n=35)
Studies (n=15, some presented below), Case reports (n=8, Supplements), Letters, editorials and reviews (n=12, Supplements)

Aliagaoglu et al 61 Patients who underwent reangiography after cobalt Skin patch test ISR OR 18.67,95% CI 1.02 to

(2012)"! chromium stent implantation at >1 month due to 343.38, p=0.049
persistent symptoms.

El-Mawardy et a/ 50 Reangiography for recurrent symptoms at >3 months Skin patch test ISR OR 3.12,95% C1 0.12 to

(2011)"2 following index stenting procedure. 80.40, p=0.49

Hillen et al (2002)">* 34 (only 27 Bare metal stent implantation and ISR on repeat Skin patch test ISR OR 1.00, 95% C1 0.08 to

evaluable) angiography at >3 months. 12.76, p=1.00

Koster et al (2000)"* 131 Patients who underwent reangiography at 6 months after Skin patch test ISR OR 7.73,95% C1 0.43 to
stenting for suspected ISR. 138.57, p=0.17

Morice et al (2001)">° 424 All patients undergoing PCl (2000 to 2001); asked to Skin patch test ISR OR 0.85,95% Cl 0.25 to
answer a questionnaire about nickel allergy and received 2.90

a nickel patch test. They were followed for 6 months
after dilatation.

Norgaz et al (2005"°¢ 43 Stent implantation and patch test the day after; Skin patch test ISR OR 0.83, 95% C1 0.07 to
angiogram at 6 months. 9.99, p=0.89
Slodownik et al 99 Bare metal stent implantation and ISR on repeat Skin patch test ISR OR 1.25,95% C1 0.39 to
(2018)" angiography at <2 years. 4.04, p=0.71
Svedman et a/ 338 Patients stented between 1997-2002 in a single centre. ~ Skin patch test ISR OR 1.54, 95% C1 0.67 to
(2009)"8 ISR evaluated if repeat angiography had been done. 3.58, p=0.31
Thyssen et al (2011)"*° 149 Patch-tested dermatitis individuals who underwent Skin patch test ISR OR 0.48, 95% C1 0.060 to
stenting. This cohort was then evaluated for ISR defined 3.93, p=0.50
as any subsequent PCI.
lijima et al (2005) 174 Reangiography and patch-testing on a group of patients  Skin patch ISR arm and re-ISR arm ISR arm
who had only undergone initial stenting and a group test +history of OR 1.51,95% Cl 0.15—
that had undergone dilatation for ISR. metal allergy 15.30, p=0.73
Re-ISR arm
OR 7.06, 95% CI 1.29 to
38.56, p=0.02
Saito et a/ (2009)° 128 ISR after initial stent placement requiring PCl and second  Skin patch test ~ Re-ISR OR 4.43,95% Cl 1.62 to
instance of ISR on second angiogram at 6 months. 12.08, p=0.004

Structural cardiac endovascular interventions (n=13)
Studies (n=5, some presented below), case reports (n=5, supplements), letters, editorials and reviews (n=3, supplements)

Rigatelli et a/ (2007)" 46 Single-centre patients who underwent elective catheter- ~ Skin patch test ~ ‘Device syndrome”: chest ~ OR 425, 95% Cl 15.89 to
based closure of interatrial shunts. Mean age 35+28.8 discomfort, exertional 11364.17, p=0.0003
years. Patch-tested before implantation; trans-thoracic dyspnoea, asthenia, mild
echocardiography at 1,6 and 12 months. leukocytosis.

Wertman et al 37 Single-centre patients who underwent PFO/ASD Skin patch test ~ ‘Device syndrome’: chest ~ OR 9.69, 95% Cl 1.07 to

(2006)"® closure with Amplatzer, where patch testing had been discomfort, palpitations, or 87.44, p=0.043
performed. Incidence of postclosure palpitations and migraine headache/aura

chest discomfort was assessed by telephone interview
and clinic visits.
Neuro-endovascular interventions (n=14)
Studies (n=2, some presented below), case reports (n=8, supplements), letters, editorials and reviews (n=4, supplements)
Kocer et al (2017)% 33 Patients with flow diverter fish-mouthing in a single History +skin Flow diverter fish- OR 3.04, 95% C1 0.59 to
centre were patch tested patch test mouthing (device-specific ~ 15.72, p=0.18
type of in-device stenosis)
Allergy induction (n=2)
Studies (n=2, presented below), case reports (n=0), letters, editorials and reviews (n=0)

Ekquist et af (2007)*° 314 Any patient stented in a regional catchment area Skin patch test 38 positive patch tests to nickel in nickel-stented group
between 1997-2002. These patients were then patch- (n=314) compared to 40 positive patch tests in control
tested. group (n=447) (p=0.182)

Ekquist et al (2008)* 200 Skin patch test ~ Median Blood Nickel concentration in Nickel
Any patient stented in a regional catchment area allergy=0.862 (n=24), in no nickel allergy=0.598 (n=176)
between 1997-2002. (p=0.14)

Blood samples were taken from these patients and

analysed to detect concentration of gold and nickel.

These patients were then patch-tested.

100 with gold stents and 100 with nickel stents were

randomly selected for analysis.
Please see online supplemental file 2 for the characteristics of other studies, case reports, letters, editorials and reviews included in the qualitative analysis.
ASD, atrial septal defect; ISR, in-stent restenosis; n, number; PC, percutaneous coronary intervention; PFO, patent foramen ovale.
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Records excluded as did not meet inclusion criteria:

- 1

(n=92)

) Records identified Records identified Additional records
c through MEDLINE through online EMBASE identified through other
o database searching database searching sources (n= 6)
® (n=119) (n=160)
€
s
: l l l
@
=

Records identified
— (n= 285)
Duplicates (n= 95) were removed.
o l
s
54 Records screened by
g title and abstract
” (n=190)

Full-text articles
assessed for eligibility
(n=98)

Records excluded as did not meet inclusion criteria:

Eligibility

l

Articles included in
qualitative synthesis
(n=78)

(n=20)

Coronary endovascular interventions (n= 35)
Structural cardiac endovascular interventions (n= 13)

|

Studies included in
quantitative synthesis
(meta-analysis)
(n=14)

Included

Figure 1  PRISMA flowchart illustrating article selection.

not take into account that after bare metal stent insertion, there
seems to be no increased risk of de novo ISR in patients with
nickel allergy (OR 1.38, 95% CI 0.83 to 2.30). Furthermore, the
study’s follow-up interval is limited to 8 months, which may not
capture very late stent thrombosis (VLST) events that are report-
edly more commonly seen in DES and—by definition—occur
beyond 1 year."' It has been hypothesised that an allergic mech-
anism may underlie VLST in DES.'! Allergologically, DES are
more complex than bare metal stents in that they contain three
potential allergens: the metallic struts, the biopolymer scaffold
(reported to be the most allergenic component) and/or the eluent
drug."* However, hypersensitivity to non-metal components of
DES is beyond the scope of this review and this was part of our
exclusion criteria. A pilot study by Hansen et al aimed to inves-
tigate allergy to metallic components of DES and whether there
was an increased risk of VLST; however, none of the 10 VLST
patients enrolled had a positive skin patch test to nickel.'' None-
theless, of the eight included case reports of allergic reactions to
nickel-containing components of coronary stents in this review,
five patients underwent DES implantation.®™ 12

In addition to local intravascular effects of nickel hypersensi-
tivity, systemic allergic reactions to nickel such as diffuse eczem-
atous dermatitis,"® and urticaria with chest tightness and facial
oedema'? have also been reported following coronary stent
placement. Furthermore, following stent implantation, nickel-
hypersensitive individuals are at a theoretical risk of developing
‘Kounis syndrome’, an acute coronary syndrome concurring
with an allergic reaction.'* Although there are no cases of Kounis
syndrome reported in the literature after stenting per se, ‘device
syndromes’ with features of acute coronary syndrome and
thought to be of allergic aetiology (thus, by definition ‘Kounis
syndrome’) are reported following the implantation of structural
heart occlusion devices."

Two studies included in this review examined the relation-
ship between patients’ self-reported history of nickel allergy and
adverse outcomes following coronary stent implantation.” '

Neuro-endovascular interventions (n= 14)
Other ‘peripheral’ endovascular interventions (n= 14)
Allergy induction (n=2)

Neither study demonstrated any significant increase in the risk
of adverse outcomes associated with a patient history of nickel
or metal allergy.

Structural cardiac endovascular interventions

Chest pain and palpitations are characteristic of the hyper-
sensitivity reactions reported following deployment of nickel-
containing endovascular occlusion devices for patent foramen
ovale or atrial septal defects (ASD), sometimes referred to as
‘device syndrome’™ ¥ 13 or, as previously discussed, ‘Kounis
syndrome’."> Severe headache/migraine may also be a feature
of these device syndromes.’® " Two studies included in the
meta-analysis defined chest pain and palpitations as the adverse
outcomes for which they investigated the relationship with
nickel allergy.'” " Both studies report similarly high inci-
dence of postoperative ‘device syndrome’ in nickel allergic
groups: 89%'” and 90%," which is significantly higher than
the incidence of adverse outcomes reported for any other
type of device discussed herein. This may be the product of a
reporting bias: device syndromes manifest early and obviously
(unlike ISR for example); or perhaps, it is related to the size
of the device (significantly larger than a stent) and therefore
a larger ‘dose’ of nickel (although it is questionable whether
nickel hypersensitivity is dose-dependent). Despite such a high
complication rate, neither study concluded that nickel allergy
is an absolute contraindication for nickel-containing occlusion
devices because pharmacological treatment is usually effective
at completely resolving symptoms.'” '® Note, however, that
some reactions were reportedly refractory to medical therapy
including debilitating migraines'” and systemic nickel hyper-
sensitivity reactions such as eczematous dermatitis** *' and one
case of severe postoperative dyspnoea requiring intubation.** In
these cases, devices were invariably explanted by open opera-
tions at a median time of 4 months postinitial intervention (IQR
3.75-21).19-22
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Table 3  Characteristics of included peripheral endovascular subgroup case reports

Reference Patient Intervention

Reaction Diagnosis

Aortic

Kawatani et al (2018)>° 78-year-old man

No known allergy repair (rupture)

Gimenez-Amau et a/ (2000)*®  79-year-old woman
repair (elective)

Peripheral arterial

Joshi and Khan (2018), Guerra

and Kirkwood (2017)*7

44-year-old man
No known allergy
Background of lupus

Popliteal artery stent

Jetty et al (2013)* 55-year-old man Superficial femoral artery stent
No known allergy
Univers et al (2018)*! 69-year-old man lliac artery stent

Known nickel allergy

Beecker and Pratt (2009)*
Guntani et al (2020)*

Known nickel allergy
70-year-old woman

Femoral artery stent
lliac artery stent

Venous

Stamm et al (2017)* 30-year-old man

No known allergy

Fahrni et al (2015)* 34-year-old woman

No known allergy embolisation

Jiaetal (2015)® 67-year-old woman

No known allergy cava filter

Hayashi et al (2019)" 45-year-old man

No known allergy cava filter

Morshedi and Kinney (2014)" 73-year-old woman

Known allergy cava filter

Endovascular aortic aneurysm

Endovascular aortic aneurysm

Gonadal vein embolisation

Gonadal and internal iliac vein

Implantation of inferior vena

Implantation of inferior vena

Implantation of inferior vena

3 weeks postoperatively: pruritic
eczematous rash on the trunk and both
upper arms

3 weeks postoperatively: diffuse pruritic

Positive patch test

Positive patch test

eczematous skin rash Skin biopsy
2-4 weeks postoperatively: diffuse Positive patch test
pruritic eczematous skin rash, worse on  Skin biopsy

stented leg (left)

In-stent restenosis

2 weeks postoperatively: diffuse pruritic
eczematous skin rash, worse on stented
leg (right)

2 months postoperatively: diffuse pruritic
eczematous skin rash, worse in stented
groin (right)

Systemic contact dermatitis -
‘Shortly’ (sic) postoperatively: diffuse
pruritic eczematous skin rash, worse in
the navel area

Positive patch test
Skin biopsy

Hypereosinophilia
Histopathology of surgical specimen

Positive patch test
Histopathology of surgical specimen
Energy-dispersed X-ray spectroscopy

Day 1 postoperatively:

Significant left lower quadrant pain that
did not resolve over years

Few days postoperatively: palpitations,
fatigue, night sweats, feeling of heaviness
in both legs and patchy dermatitis

Positive patch test

Positive patch test

Severe pruritus Positive patch test
Eight days postoperatively:

Extensive thrombus covering the filter
and propagating past it

Nil postoperative issues

Hypereosinophilia

N/A

Please see online supplemental file 2 for the characteristics of other case reports, letters, editorials and reviews included in the qualitative analysis

Despite effective medical therapy,” ** our meta-analysis

demonstrates that individuals hypersensitive to nickel commonly
develop occasionally dramatic allergic reactions to occlusion
devices."”™"” # With this in mind, and the fact that high-risk
open-heart device explantation procedures are reported in the
literature,”*2* it is reasonable to suggest that specialists select
new generation occlusion devices which elute less nickel** when
closing PFOs or ASDs in nickel-allergic patients. New occluder
devices which elute less nickel are becoming available;* much
lower incidence of reactions is reported with these.'”

Neuroendovascular interventions

Similar concerns apply to the implantation of nickel-containing
neuroendovascular devices in nickel-allergic patients regarding
in-device stenosis/thrombosis®® %" and local organ dysfunction
(neurological).

Two studies were included examining adverse outcomes
following neuroendovascular intervention in nickel-allergic
patients.”® *’ In one study, one major procedural complication
occurred (perioperative stroke) following implantation for
cerebral aneurysm exclusion in 20 patients with a documented
history of metal allergy.”” The other study examined a possible
relationship between ‘fish-mouthing’ (a specific type of in-device
stenosis) following flow diverter implantation for the exclusion
of giant or complex intracranial aneurysms.*® The study showed

a statistically significant association between flow diverter fish
mouthing and history of allergy to imitation jewellery (OR 6.00,
95% CI 1.13 to 31.70, p=0.04). No statistically significant
association between flow diverter fish mouthing and a positive
patch test was demonstrated (OR 3.04, 95% CI 0.59 to 15.72,
p=0.18).

In addition to ischaemic/embolic complications, there are
several reported cases of local cerebral inflammation secondary
to nickel hypersensitivity.”*>* All cases reported hyperintense
lesions on MRI following either coil embolisation or flow-
diverter stenting of intracerebral aneurysms. In most cases
reported, nickel allergy was confirmed by patch test,”*! ** and
in two cases, nickel allergy was presumed as the diagnosis of
exclusion.”® *% Patients presented with focal neurological signs
such as limb weakness,”®>° cranial nerve palsies,”® *® hemihy-
poaesthesia, hemiparaesthesia,”®>° speech disturbance,” *°
visual disturbance®” and seizure;* ** headache was also reported
in two cases.”’ > These tended to occur within the first postop-
erative month with a median time of 21.5 days (IQR 20.5-28.5)
to the first presentation of symptoms for the eight symptom-
atic cases reported in the literature.”®> In one case, neurolog-
ical symptoms (seizure) manifested much later, at 17 months.”’
Almost unanimously, these cerebral hypersensitivity reac-
tions were treated with systemic steroid pulsed therapy®!3*
with reported excellent symptom control, and at least partial
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Nickel allergy Control 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight v, d 95% Cl 1V, d 95% CI
2.1.1 Coronary
Aliagaoglu et al. (2012) 7 7 24 54 3.6% 18.67 [1.02, 343.36]
El-Mawardy et al. (2011) 1 1 24 49 3.0% 3.12[0.12, 80.39] —
Hillen et al. (2002) 1 3 8 24 4.4% 1.00 [0.08, 12.76]
lijima et al. (2005) ISR 1 4 19 105 5.1% 1.51[0.15, 15.31] 1
lijima et al. (2005) Re-ISR 6 8 17 57 7.5% 7.06 [1.29, 38.56] I
Koster et al. (2000) 7 7 82 124 3.6% 7.73[0.43, 138.56] ]
Morice et al. (2001) 3 34 40 390 10.3% 0.85 [0.25, 2.90] I
Norgaz et al. (2005) 1 3 15 40 4.6% 0.83[0.07, 9.99] ——
Saito et al. (2009) 18 24 42 104 12.0% 4.43[1.62, 12.08] —_—
Slodownik et al. (2018) 5 15 24 84 10.7% 1.25[0.39, 4.04] B
Svedman et al. (2009) 8 45 36 293 13.2% 1.54[0.67, 3.58] b
Thyssen et al. (2011) 1 13 20 136 5.8% 0.48 [0.06, 3.93] — 1
Subtotal (95% ClI) 164 1460 83.8% 1.94 [1.16, 3.23] 2
Total events 59 351
Heterogeneity: Tau? = 0.13; Chi? = 13.12, df = 11 (P = 0.29); I’ = 16%
Test for overall effect: Z = 2.54 (P = 0.01)
2.1.2 Structural heart
Rigatelli et al. (2007) 8 9 0 37 2.9% 425.00 [15.90, 11363.49] —_—
Wertman et al. (2006) 9 10 13 27 5.4% 9.69 [1.07, 87.44] —
Subtotal (95% Cl) 19 64 8.4% 52.28 [1.31, 2079.14] e —
Total events 17 13
Heterogeneity: Tau? = 5.11; Chi? = 3.51, df = 1 (P = 0.06); I = 72%
Test for overall effect: Z = 2.11 (P = 0.04)
2.1.3 Neurovascular
Kocer et al. (2017) 4 9 5 24 7.8% 3.04 [0.59, 15.72] e s —
Subtotal (95% CI) 9 24 7.8% 3.04 [0.59, 15.72] ~l—
Total events 4 5
Heterogeneity: Not applicable
Test for overall effect: Z = 1.33 (P = 0.18)
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Test for overall effect: Z = 3.05 (P = 0.002)
Test for subgroup differences: Chi® = 3.21, df = 2 (P = 0.20), I* = 37.7%
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Figure 2 Pooled meta-analysis of the association between nickel allergy confirmed by patch test on diverse ‘adverse outcomes’ following coronary,

structural heart and neurovascular interventions.

radiological resolution on repeat MRI.**=' ** One patient was
treated conservatively: their symptoms (headache and visual
disturbance) resolved over 2-3 weeks and complete radiological
resolution was observed at 6 months.*>

Other endovascular interventions
In the context of non-cardiac, non-cerebral, ‘peripheral’ endo-
vascular interventions, there were 13 reported cases of allergic
reactions to various nickel-containing devices including aortic
grafts,”® > lower limb arterial stents,”’** venous embolisation
coils* ** and inferior vena cava (IVC) filters.* ™

Most of the reactions reported are of the systemic allergic
type characterised by a diffuse pruritic eczematous rash,* = 4443

some cases of lower limb arterial stenting.>’~* *' ** One patient
is reported to have developed a device syndrome to venous
embolisation coils with palpitations, fatigue, night sweats,
a feeling of heaviness in both legs and patchy dermatitis.** In
most of these systemic cases, nickel allergy was evidenced by
patch test,>> ¥ occasionally combined with skin biopsy.**™’
Median time to first presentation of the rash was 21 days
postprocedure (IQR 14-21 days)—similar to the neuroendo-
vascular cases—and most were treated with systemic® 37~ #2
and/or topical®® steroid therapy. In the two aortic graft cases,
steroids were sufficient to satisfactorily control symptoms.* ¢
In other cases, the urticaria was refractory to steroid treatment

and resolution was only achieved with device explantation and
37-41

presenting more severely at the site of device implantation in vascular bypass or simple closure of the adventitia.** One

Nickel allergy Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, d 95% Cl v, d 95% CI
2.1.1 Coronary ISR
Aliagaoglu et al. (2012) 7 7 24 54 2.9% 18.67 [1.02, 343.36]
El-Mawardy et al. (2011) 1 1 24 49 2.4% 3.12[0.12, 80.39] —
Hillen et al. (2002) 1 3 8 24 3.7% 1.00 [0.08, 12.76]
lijima et al. (2005) ISR 1 4 19 105 4.5% 1.51[0.15, 15.31] I
Koster et al. (2000) 7 7 82 124 3.0% 7.73[0.43, 138.56] 1
Morice et al. (2001) 3 4 40 390 13.1% 0.85 [0.25, 2.90] —
Norgaz et al. (2005) 1 3 15 40 3.9% 0.83[0.07,9.99]
Slodownik et al. (2018) 5 15 24 84  14.0% 1.25[0.39, 4.04] T
Svedman et al. (2009) 8 45 36 293 21.9% 1.54[0.67, 3.58] T
Thyssen et al. (2011) 1 13 20 136 5.4% 0.48 [0.06, 3.93] —
Subtotal (95% CI) 132 1299 74.7% 1.38 [0.83, 2.30] o
Total events 35 292
Heterogeneity: Tau? = 0.00; Chi? = 6.58, df = 9 (P = 0.68); I* = 0%
Test for overall effect: Z = 1.24 (P = 0.21)
2.1.2 Coronary re-ISR
lijima et al. (2005) re-ISR 6 8 17 57 7.7% 7.06 [1.29, 38.56] s a—
Saito et al. (2009) 18 24 42 104  17.5% 4.43 [1.62, 12.08] —_—
Subtotal (95% CI) 32 161 253%  5.00[2.11, 11.85] e
Total events 24 59
Heterogeneity: Tau? = 0.00; Chi? = 0.21, df = 1 (P = 0.64); I> = 0%
Test for overall effect: Z = 3.65 (P = 0.0003)
Total (95% Cl) 164 1460 100.0% 1.94 [1.16, 3.23] L 2
Total events 59 351
Heterogeneity: Tau? = 0.13; Chi? = 13.12, df = 11 (P = 0.29); I> = 16% =0 002 0=1 1=0 500=

Test for overall effect: Z = 2.54 (P = 0.01)
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Test for subgroup differences: Chi® = 6.33, df = 1 (P = 0.01), I° = 84.2%

Figure 3  Coronary subgroup meta-analysis of the association between nickel allergy confirmed by patch test on ISR and re-ISR. ISR, in-stent
restenosis; re-ISR, re-in-stent restenosis.
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Nickel allergy Control

Study or Subgroup Events
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d 95% ClI v, d 95% CI

2.1.1 Coronary

lijima et al. (2005) ISR 1 8 19 101
lijima et al. (2005) re-ISR 0 0 23
Subtotal (95% CI) 8

Total events 1 42
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Test for overall effect: Z = 0.44 (P = 0.66)

45.3%

65
166 45.3%

2.1.3 Neurovascular

Kocer et al. (2017) hx 6 12 3 21
Subtotal (95% CI) 12 21
Total events 6 3
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Test for overall effect: Z = 2.11 (P = 0.04)

54.7%
54.7%

Total (95% CI) 20

Total events 7 45
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Test for overall effect: Z = 0.67 (P = 0.50)
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Test for subgroup differences: Chi? = 2.68, df = 1 (P = 0.10), I* = 62.7%

6.00[1.13, 31.73]
6.00 [1.13, 31.73]
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e —
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Not estimable
0.62 [0.07, 5.31]
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Figure 4 Pooled meta-analysis of the association between patient-reported history of nickel allergy and diverse adverse outcomes.

case required immunosuppression with mycophenolate mofetil
and dupilumab.’” ¥ In the case involving venous embolisation
coils, open hysterectomy and salpingoophorectomy with resec-
tion of the coil-containing pelvic varicosities and ovarian veins
resulted in a resolution of symptoms.* Note also that there is a
recognised postimplantation syndrome (PIS) following endovas-
cular aneurysm repair characterised by a systemic inflammatory
response with fever.*® It has been conjectured that stent compo-
nents, including nickel, may be associated with PIS. Polyester
in endovascular aortic grafts has been shown to be significantly
associated with a higher incidence of PIS when compared with
expanded polytetrafluorethylene grafts;*® however, no such rela-
tionship has been demonstrated with nickel.

When compared with intracardiac or intracranial devices,
peripherally sited endovascular devices can develop similar
device-specific complications secondary to nickel hypersensitivity
reactions, such as ISR,*” *® in-device thrombus formation*® and
clinically manifest local inflammation.*® In the specific context of
IVC filters, severe pruritus® secondary to nickel hypersensitivity
is also reported. Morshedi and Kinney also describe implanta-
tion of an IVC filter in a patient with known nickel allergy who
experienced no postprocedure complications.*’

Allergy induction

For the majority of studies and case reports reviewed thus far,
patients were patch-tested after the suspicion of a nickel hyper-
sensitivity reaction had been raised, rather than prior to device
implantation. Frequently, the authors of these retrospective
studies and case reports assume that a postimplantation patch
test confirms a pre-existing allergy that may underlie the aeti-
ology of an adverse outcome. However, this may be a bold
assumption if one considers that the implantation of the device
itself induces nickel hypersensitivity in certain patients. If this
is the case, it would have important implications regarding the
utility of preoperative nickel allergy screening, verbally or by
patch-test, as it would mean that a proportion of ‘non-allergic
patients’ may unpredictably develop nickel allergy and associ-
ated adverse outcomes. Furthermore, it would call into question
the validity of many retrospectively designed studies in which
the aforementioned assumption is key; these studies currently
make up most of the scientific literature on this topic.

Although evidence for allergy induction by intravascular
devices is limited, it has been demonstrated in gold stents that,
in situ, these increase circulating blood concentrations of gold,
correlating significantly with patch-test intensities.*” However,
this has not been demonstrated when comparing blood nickel
concentrations and patch test reactions.*” Another study by the

same group suggested that gold and nickel stents may sensitise
individuals to their constituent metals from within coronary
vessels although, by their own admission, the evidence was
circumstantial.>

Limitations

As discussed, overall heterogeneity between studies was
moderate (p=0.03, [*=449). The structural heart subgroup was
the most heterogeneous (p=0.06, 1*=729%) and the coronary
subgroup the least (p=0.29, *=16%). The coronary subgroup

What is already known on this subject?

» Our systematic search of EMBASE and MEDLINE databases
identified one systematic review of outcomes in nickel-
allergic patients confined to percutaneous coronary
interventions. We only included articles related to clinical
medicine with endovascular or transcatheter procedures on
human subjects dated 1947-2021. To our knowledge, this is
the first comprehensive systematic review and meta-analysis
of its kind examining nickel allergy in multiple endovascular
disciplines. The evidence reviewed was limited by
heterogeneity and level; there were no available randomised
controlled trials.

What might this study add?

» Our meta-analysis demonstrates a significant increase in risk
of an adverse outcome associated with patch-test confirmed
nickel allergy following insertion of a nickel-containing
endovascular device (OR 2.61, 95% Cl 1.41 to 4.85). These
findings underline the need for randomised and prospectively
designed research treating this issue. Currently, there is
no clear consensus on whether nickel allergy is a relative
or absolute contraindication to implantation of a nickel-
containing device.

How might this impact on clinical practice?

» Endovascular procedures with device implantations are
undertaken in large and rising numbers worldwide. In light
of these findings, endovascular specialists should seriously
consider nickel patch-testing when deciding whether to
insert nickel-containing devices in patients self-reporting
nickel allergy. If available to them, they should also consider
alternative devices that contain less or no nickel.
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had the largest sample size (n=1624), to best support the rela-
tionship observed; other subgroups had quite small sample sizes:
structural heart (n=175) and neurovascular (n=33). All studies
included in the meta-analysis were case-control studies, which
are subject to recall bias.

CONCLUSION

Hypersensitivity reactions to nickel-containing endovascular
devices are reported and, when they occur, the burden of
morbidity is significant. Our meta-analysis suggests that nickel
allergy confirmed on patch testing is associated with a greater
than twofold increased risk of adverse outcomes following
implantation of a nickel containing endovascular device. This
relationship was not observed with self-reported history of
nickel/metal allergy. Further work is necessary to confirm
these findings, including large-scale and prospectively designed
research that also considers allergy induction. In the meantime,
specialists faced with patients self-reporting a history of nickel
allergy should consider cutaneous patch-testing and alternative
treatment options.
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Supplement 2. All other articles included in review and meta-analysis

Coronary endovascular interventions [n=35]
Studies [n=15], Case reports [n=8], Letters, editorials and reviews [n=12]
Studies [n=15]

Reference | Sample size Study population characteristics Confirmation of allergy | Results

Nakazawa | 88 PCI with sirolimus-eluting stents Skin patch test Unable to separate nickel from other metals in this
et al. and re-angiography at 8 months. study

(2008)10 Patch testing at re-angiography. Metal allergy=14/88

Nickel allergy=4/14
Manganese/chromium allergy=11/14

Binary restenosis rate 6.3% in positive patch test
group versus 6.5% in control group (p=0-98)

Romero- 279 Self-reported metal allergy Patient history Unable to separate nickel from other metals in this
Brufau et individuals who underwent study
al. (2012)6 stenting. Outcomes included Metal allergy=29/279

death, myocardial infarction and Nickel allergy=26/29

target lesion revascularisation. Chromium allergy=9/29

Long-term outcomes:

Death rate: 12% allergic versus 13% control
(HR 1:08, 95% CI 0-52-3-69, p=0-72)

Target lesion revascularisation rate: 13% allergic
versus 17% control

(HR 0-76, 95% CI 0-25-2-26, p=0-76)

Hansenet |10 Very late stent thrombosis after Skin patch test 0 patients positive [10]

al. (2010)"" drug eluting stent implantation and
ST elevation myocardial infarction.
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Lim et al.
(2007)%°

128

6-month follow-up angiography in
patients randomly assigned to
‘arthos inert stent’ or ‘arthos stent’.
At 3 months subjects were patch

Skin patch test
study

Unable to separate nickel from other metals in this

9 positives in ISR group [n=16], 20 positives in

tested. control group [n=41]; (OR 1-35, 95% CI 0-42-4-31
p=0-61)
Case reports [n=8]
Reference | Patient Intervention Reaction Diagnosis
Recurrent in-stent restenosis and ACS (x5) at 12, 24, 36, 40 and 41
months
Bare metal
coronary stent | At 12 months post-operatively:
Konishi et to LAD for Repeated immediate in-stent thrombosis requiring aspiration x10.
al. 43 year old acute anterior | Eventually recurrence halted with balloon angioplasty and heparin
(2015)* female Ml substitution with abogatran (suspected HIT). Positive patch test
64 year old In-stent restenosis at 24, 30, 36 and 38 months in both vessels
Jurado- female Everolimus- CxA also involved at 36 and 38 months
Roman et eluting stents
al. Known nickel to RCA and At 38 months post-operatively:
(2016)° allergy LAD for ACS NSTEMI and cardiogenic shock Positive patch test
Histopathological
analysis of day 1
thrombi revealed large
PCl and stent | Immediate in-stent thrombosis; resolved with multiple balloon numbers of eosinophils
insertion to angioplasties and insertion of an intra-aortic balloon pump with fibrin and
Konishi et RCA for acute erythrocytes
al. 66 year old antero-lateral | At day 1 post-operatively:
(2016)° male Mi Acute in-stent thrombosis and ACS Positive patch test
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Histopathological
analysis of skin biopsy
revealed spongiotic
dermatitis
Cardiovascular Serum IgE was
disease Diffuse eczematous dermatitis (ongoing for 2 years) covering the significantly elevated
Perkins 58 year old requiring majority of the trunk and extremities; refractory to topical/oral steroids
(2017)"% | male stents and light therapy Positive patch test
53 year old
male DES to Anti-histamine resistant chronic urticaria

Tuzer et posterior

al. Known nickel descending Episodes of urticarial flares with chest tightness and face oedema 4

(2018)'? | allergy artery times a month Positive patch test

At 3 months post-operatively:
Unstable angina secondary to ISR and de novo lesion

Granata At 22 months post-operatively:

et al. 65 year old DES to RCA STEMI due to in-scaffold thrombosis of the BVS in DES and de novo

(2015)° male for STEMI lesion Positive patch test
Positive patch test
Histopathological
analysis of surgical
specimens revealed
invasion of
macrophages and

Eda et al. | 58 year old DES to LAD At 3 years post-operatively: eosinophils around the

(2016)’ female for ACS Had had 4 episodes of ISR presenting with angina stents

Jimba at DES to LCx At 8 months post-operatively: PET-CT

al. 81 year old and LAD for NSTEMI due to diffuse ISR at both stent sites Cardiac MR

(2020)8 female STEMI
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Presumed
hypersensitivity to
cobalt-chromium alloy
(c. 10% nickel)

At 12 months post-operatively:
NSTEMI due to 2" episode of ISR at LAD stent site

At 15 months post-operatively:
3" gpisode of ISR at LAD site

Letters, editorials and reviews [n=12]

Reference | Article type Results/message

Koniari et | Editorial Metal components of stents may cause hypersensitivity reactions leading to in-stent restenosis and thrombosis.

al.

(2016)° Before implanting coronary prostheses, clinicians should always elicit any history of metal hypersensitivity and consider
lymphocyte transformation studies to detect material hypersensitivity.

Kounis et | Letter to the DES are not exempt from hypersensitivity-related in-stent thrombosis, M| and paradoxical vasoconstriction.

al. editor

(2008)%2 Monitoring of inflammatory mediators (especially arachidonic acid products), antibody testing and macrophage/T-cell
activation studies can provide valuable additional information compared to patch-testing alone to establish causal
relationships.

Nakazawa | Letter (reply) DES contain at least three possible allergens: metal, drug and polymer.

et al.

(2008)%3 Although Nakazawa et al. demonstrated in their study that there was no relationship between metal allergy and neointimal
formation, this does not exclude the fact that local hypersensitivity reactions to the stent may have taken place.
In the study period no patient suffered an overt systemic reaction and angiography alone may not have been sensitive
enough to detect early remodelling changes secondary to hypersensitivity reactions. These may lead to clinical sequelae in
months/years underlining the importance of long-term follow-up for these patients.

Schalock | Conference Pre-implant screening is appropriate for patients reporting prior dermatitis reactions.

2018)% abstract

(
Nickel is commonly used in medical devices and has the highest prevalence of reactions of all metals. It may be an
important cause of hypersensitivity to medical endoprostheses.

Lall et al. Conference Electronic record review of patients seen in a private American allergy and a cardiology practice between January 2008 and

(2011)%° abstract December 2009.

Evaluating symptoms, temporal correlation, and response to treatment, 7 patients were identified who had hypersensitivity
reactions to DES.
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Symptoms included skin rashes (5/7), fatigue, dyspnoea, arthritis and chest pain, all beginning within one month of stent
insertion.
Most patients responded well to medical treatment (i.e. antihistamines, steroids) over one year. However, there was a
subset of patients that failed to improve and requested stent removal.

Basko- Review Reviewed 7 studies evaluating relationship between coronary ISR and metal allergy.

Plluska et Allergic contact dermatitis (ACD) and device failure may occur in response to implanted intravascular metal exposures.

al.

(2011)% Most information regarding putative sensitivity reactions to endovascular metal implants are based either on anecdotal case
reports or on data gathered from relatively small cohorts. Very few prospective data are available.
In the majority of cases, the removal of the allergenic metal device results in clearing of the skin condition. Based on these
data, we recommend that patients who develop a cutaneous eruption months to years after receiving a metal implant should
be patch-tested with an appropriate series of metals. If relevant allergens are identified and corticosteroid therapy is
insufficient to clear the eruption, removal of the implant may be considered.

Teo and Review Intravascular devices such as coronary stents, perforated foramen occluders, pacemakers, and implantable cardioverter

Schalogk defibrillators contain several metals and may cause hypersensitivity reactions.

(2016)
A review of the existing literature reveals an ostensible lack of consensus on the evaluation and management of possible
metal hypersensitivity reactions. This is in part due to the lack of strong evidence-based understanding of the relevance of
these reactions to the viability of implants. More extensive and controlled research needs to be carried out to elucidate the
exact relationship between metal hypersensitivity reactions and the survival of metallic implants.

Schalock | Review Hypersensitivity reactions to intravascular devices occur. In-stent restenosis (ISR) arises in bare-metal stents and metal

et al. hypersensitivity may play a role in its pathophysiology.

(2011)%8
Patch testing is the gold standard for evaluation of type IV hypersensitivity reactions. Appropriate and extensive patch
testing is indicated in patients with implanted metal devices and suspected metal hypersensitivity reactions.

Honari et | Review The majority of current data regarding putative sensitivity reactions to endovascular and other cardiovascular biomaterials is

al. o based either on anecdotal case reports or data gathered from small cohorts.

(2008)
A spectrum of responses, varying from benign reactions to excessive inflammation and systemic hypersensitivity reactions
are reported.
The role of lymphocyte proliferation tests and intradermal testing is not well defined. Recommendations are made for
evaluation of a patient with putative stent or other cardiac device allergies. Includes thorough history and patch-testing.
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Thyssen Review Coronary in-stent restenosis has been associated with nickel allergy in some studies, whereas others have not been able to

and confirm such an association.

Menné

(2010)’ Metal allergy remains prevalent. The pattern of exposure has changed over the decades, mainly as result of regulatory
interventions and increased work hygiene. Metal allergy remains of medical importance, lately illustrated by device failure.

Gong et Review and Reviewed 9 studies evaluating relationship between coronary ISR and metal allergy.

al. meta-analysis

(2013)7° Among these nine studies, four studies concluded that the risk of ISR was higher in allergic patients compared with
nonallergic patients. The other five studies reported no statistical differences in this aspect.
A subgroup analysis of race was carried out. OR in the Asian group was higher than that in the European group (3.71 vs.
2.25), which might suggest that Asians who are allergic to stent material have a higher risk of ISR than Europeans.
Patients with an allergic reaction to stent material should be followed up more frequently to prevent potential cardiovascular
adverse events as early as possible because they have a higher risk of developing ISR. Moreover, physicians should be
more cautious when considering stent implantation in patients who are known to be allergic to stent materials.

Jukema et | Review Hypersensitivity to one or more components of the implanted stent is a rare, but nevertheless important, problem. Nickel

al. allergy is a proposed mechanism triggering the development of restenosis, although not confirmed by all studies.

(2012)" Hypersensitivity reactions to DES, especially to the drug-carrying polymers, have also been reported, but are mainly
associated with stent thrombosis and not restenosis.

Structural cardiac endovascular interventions [n=13]
Studies [n=5], Case reports [n=5], Letters, editorials and reviews [n=3]

Studies [n=5]

Reddy et al.
(2009)?°

95 | Single-centre patients who underwent Skin patch test/ | 8 patients reported a history of allergy.

PFO/ASD closure were interrogated for | history
potential history of nickel allergy. Self- 6 patients had a positive patch test.
reported hypersensitive patients
underwent skin patch test. Patch test In the positive patch test group:
patients were treated with Helex device. 1/6 patients developed chest pain
Non-allergic patients were treated with
Helex (1%)/Amplatzer (99%). In the ‘control group’:

11/89 patients developed chest pain
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Nil significant difference between allergic and ‘non-allergic
groups for multiple adverse symptoms.

Thanopoulos et | 92 | Multi-centre patients who underwent Skin patch test Device-related complications: none observed

al. (2014)"2 elective ASD closure with a cocoon
septal occluder; Median age 10.5 years
(range 3—61 years)

Lertsapcharoen | 60 | Single-centre patients who underwent N/A The devices were successfully deployed in all 60 patients.

et al. (2008)"3 patent ductus arteriosus closure with a There were no serious procedural complications. There
self-expanding platinum-coated nitinol was no evidence of nickel release or nickel reaction after
device. 18 patients had serial blood device implantation.

samples for serum nickel analysis taken
before and at 1, 3 and 30 days after
device implantation.

Case reports [n=5]

Reference Patient Intervention | Reaction Diagnosis
Amplatzer
septal
27 year old occluder
female insertion for
Khodaverdian ASD (initially | Shortness of breath immediately after recovering from History of metal allergy
and Jones Known metal presenting as | anaesthesia refractory to aggressive medical treatment and
(2009)%? allergy stroke) requiring intubation Diagnosis of exclusion
? year old
male
(paediatric
study HELEX septal
population occluder
Vincent et al. | median age 5 | insertion for
(2003)* year old) ASD ltching skin and soreness of the feet Positive patch test
41 year old Amplatzer
Anselmino et | female septal
al. (2009)"* occluder No complications and/or allergic reactions ensued Positive patch test
44
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Known nickel insertion for
allergy ASD
40 year old Amplatzer
female septal
occluder
Bélohlavkova | No known insertion for At 3 days post-operatively:
et al. (2011)%° | nickel allergy PFO Severe generalised exanthema Positive patch test
16 year old Amplatzer
male septal occlude
Fernandes et | No known insertion for At 3 days post-operatively:
al. (2019)"° allergy ASD Severe migraine-type headache Positive patch test
Letters, editorials and reviews [n=3]
Almpanis et Letter to the Nickel is prevalent in the metal struts of many endovascular and intracardiac devices, they may cause
al. (2010)" editor intracardiac and intracoronary mast cell activation resulting in Kounis hypersensitivity coronary syndrome.
Before implantation clinicians should take a careful history of any metal allergy and efforts should be made
such that future devices have better biocompatibility.
Bissessor Review Nickel allergy with current ASD devices remains a significant side effect with device extractions reported in the
(2015)% literature.
Jalal et al. Review After ASD closure using an ASO, an increased incidence of migraine headache has been observed during the
(2016)%* post- procedural course and was shown to be correlated with nickel hypersensitivity. Discomfort in the chest,

rash/urticaria, difficulty breathing, fever, or pericardial effusion with tamponade after ASD closure have also
been described as possible symptoms related to nickel release.

Nickel hypersensitivity-related symptoms might persist for several months but usually respond to medical
therapy, including antihistamines, steroids, or the addition of clopidogrel for 3 months. In rare cases in which
medical management fails, surgical removal of the device may be considered.

In patients with documented nickel hypersensitivity, ASO implantation is not a contraindication; however, other
devices may be considered if available. In particular some of the new devices such as HELEX which elute less
nickel do not seem to be associated with nickel hypersensitivity reactions.

Neuro-endovascular interventions [n=14]
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Studies [n=2,], Case reports [n=8], Letters, editorials and reviews [n=4]

Studies [n=2]

Reference Sample size Study population Confirmation of allergy Results

characteristics
Wallace et al. | 20 Patients with metal History/device patch test Not nickel-specific, ‘metal allergy’
(2019)%7 allergy who underwent 20 patients

pipeline embolization 23 devices

device treatment in a 26 aneurysms

single centre
One major procedural complication occurred (5%,
1/20) in which a stroke was caused by perioperative
pipeline embolization device thrombosis.

Complete aneurysm occlusion rate of 88% (23/26).
Asymptomatic in-pipeline stenosis occurred in 2

cases (10%, 2/20), resulting in 65% and 50% parent
artery stenosis, respectively.

Case reports [n=8]

Reference | Patient Intervention Reaction Diagnosis
21 days post-operatively: Presumed allergy
64 year old Right hand weakness (diagnosis of
female Elective stent-assisted exclusion)
Park et al. coil embolisation of left | MRI demonstrated multifocal white matter lesions in the left
(2017)%8 No known allergy | ICA aneurysm cerebral hemisphere
18 days post-operatively:
Park et al. abducens nerve palsy, right facial palsy, dysphagia, and
(2017)8 left-sided sensory disturbance
and Elective stent-assisted
Nakagawa coil embolisation of right | MRI demonstrated multifocal right-sided white matter
et al. 52 year old vertebral artery lesions involving the medulla, pons, thalamus, and corpus
(2019)%* | female aneurysm callosum Positive patch test
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45 year old male

Penicillin allergy

Coil embolisation of
ruptured right AComA
aneurysm

28 days post-operatively:

Right-sided hypoaesthesia and headache progressing 10
days later to speech disturbance, right arm weakness, and
seizure

MRI demonstrated multiple leptomeningeal, cortical and
subcortical micronodular and annular enhancing lesions in
the territories of the right ACA, left ACA, and left MCA with
peri-lesion oedema

Negative patch test

Foreign body reaction
as suggested cause

12 months post-operatively:
Asymptomatic with MRI changes

Positive patch test

Cerebral biopsy at 21
months: non-specific

17 months post-operatively: lymphocytic
Seizure inflammatory
infiltration, minimal
MRI at 12 months demonstrated multiple regions of right eosinophilic
54 year old hemisphere subcortical oedema. leukocytoclastic
Shotaret | female Elective coiling of right MRI at 17 months demonstrated extension of hyperintense | vasculitis, no foreign
al. ICA and flow-diverter lesions and leptomeningeal and cortical enhancements in body emboli and no
(2016)%° No known allergy | stent deployment the territories of the right MCA and possibly right PCA giant cells
68 year old 2 years post-operatively:
female Nil evidence of systemic inflammation or allergic reaction
Elective exclusion of left
Known nickel ICA aneurysm with flow | Angiography at 1 year
allergy diverter stent No residual aneurysm filling or in-stent stenosis Positive patch test
3 years post-operatively:
66 year old Nil evidence of systemic inflammation or allergic reaction
female
Tonetti et Elective exclusion of left | Angiography at 1 year
al. Known nickel ICA aneurysm with flow | Persistent aneurysm filling, but no in-stent stenosis
(2018)" allergy diverter stent Angiography at 3 years (after re-stenting) Positive patch test
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No residual aneurysm filling or in-stent stenosis

19 days post-operatively:

2 episodes of sudden-onset left arm numbness and
clumsiness lasting 30 minutes each

34 days post-operatively:
Multiple further episodes of stereotypical transient left arm

60 year old weakness, along with new, persisting left facial weakness
female and dysarthria.
Lobotesis Elective coil
et al. Known nickel embolisation of ICA MRI demonstrated multifocal hyperintense lesions in MCA
(2015)3° allergy aneurysm and ACA territories Positive patch test
21 days post-operatively:
Marcos- Recurrent left-sided paraesthesia
Gonzalez Elective exclusion of
et al. 45 year old right ICA aneurysm with | MRI at 3 weeks demonstrated hyperintense lesions and
(2016)*" female flow diverter stent surrounding oedema downstream of the stent Positive patch test

1 month post-operatively:
Headache and visual disturbance

Elective stent-assisted MRI at 1 month demonstrated multifocal hyperintense Presumed allergy
Ulus et al. | 41 year old coil embolisation of left | lesions in the left frontal, parietal, temporal, and occipital (diagnosis of
(2012)%2 female MCA aneurysm lobes exclusion)
Narata et Elective flow-diverter
al. stent placement in Reversible localised contrast enhanced lesions considered
(2018)7¢ - MCA-ICA nickel allergy or foreign body reaction on MRl -
Nakagawa Elective stent-assisted
et al. 39 year old coil embolisation of left | 22 days post-operatively:
(2019)%* | female ICA aneurysm Seizure Positive patch test

Letters, editorials and reviews [n=4]

Reference | Article type | Results/message
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Jeswani Editorial No significant data exist to show a causal relationship between coronary artery restenosis following stenting in

and patients with nickel allergies.

Alexander

(2011)77 For patients with significant known nickel allergies, the decision to place an intracranial nitinol stent must be
considered carefully.

Pinto and | Letter Regarding Lobotesis et al.?°: It is not possible to make a diagnosis of nickel hypersensitivity reaction in the

de Souza setting of a cortico-responsive syndrome. In addition to the pre-procedure patch test, histopathologic

(2015)78 confirmation of brain lesions is also necessary.
Author response: they agree that it is not possible to say with certainty that the case was due to nickel
hypersensitivity. This seemed most likely when compared to similar, previously described cases; also the
timing and spatial distribution of the lesions strongly suggested a relationship with the previous coiling.

Majersik Letter Regarding Lobotesis et al.®°: this case highlights the need for clinicians to have heightened suspicion of a

(2015)7° systemic metal reaction in patients with an unusual postprocedural complication, including symptomatic,
multifocal, cerebral hyperintensities after a catheter-based procedure.

Chun et al. | Review 9 studies included, all case reports.

(2018)%°

Neurologic complications related to nickel in cerebral aneurysm treatments are rare but remain concern owing
to the high prevalence of nickel allergy in the population. Surgeons and interventionists should consider the
metal allergy history and its potential clinical significance in managing nickel-allergic patients with aneurysms.

Other ‘peripheral’ endovascular interventions [n=14]

Studies [n=0], Case reports [n=13], Letters, editorials and reviews [n=2, Supplements]. N.B. One review and report are the same reference

Reference | Article type

Results/message

Spanos et
al. (2015)81

Letter

Physicians should routinely inquire about nitinol allergy prior to stent procedures and to perform skin testing
prior to interventions when this is indicated.
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Morshedi
and
Kinney
(2014)*

Literature review

Most authors agree that nickel allergy is unlikely to be a true contraindication to placement of a nickel-
containing device.

There are no reported incidents of nickel allergy to IVC filter placement to date despite the high prevalence of
nickel allergy in the general population and large numbers of filters placed.

Placing nickel-containing IVC filters as medically indicated in patients regardless of nickel allergy history does
not appear to be contraindicated.

Use of retrievable IVC filters in these patients is recommended because such filters potentially can be removed
in the event of an allergic reaction, which appears to resolve symptoms in nearly all reported cases of allergic
reaction to implantable metallic devices.

50

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Heart

Supplement 3. Funnel plot

__SE(Iog[OR])

0 .
O
0.5+ NG
o0 |
00
1+ o :
o . 4
©
1.5+ O 0
O >
2 1 1 : 1 ORI
0.001 0.1 1 10 1000

Subgroups
’?) Coronary <> Structural heart [] Neurovascular

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940


Aurelien Gueroult
Supplement 3. Funnel plot


BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Heart

Full References

1 Thyssen JP, Menne T. Metal allergy--a review on exposures, penetration,
genetics, prevalence, and clinical implications. Chem Res Toxicol 2010; 23:
309-18.

2 lijima R, Ikari Y, Amiya E, et al. The impact of metallic allergy on stent
implantation: metal allergy and recurrence of in-stent restenosis. Int J Cardiol
2005; 104: 319-25.

3 Saito T, Hokimoto S, Oshima S, Noda K, Kojyo Y, Matsunaga K. Metal allergic
reaction in chronic refractory in-stent restenosis. Cardiovasc Revasc Med
2009; 10: 17-22.

4 Konishi T, Yamamoto T, Funayama N, et al. Stent thrombosis caused by metal
allergy complicated by protein S deficiency and heparin-induced
thrombocytopenia: a case report and review of the literature. Thromb J 2015;
13: 25.

5 Konishi T, Hotta D, Funayama N, Yamamoto T, Nishihara H, Tanaka S.
Pathologically dissimilar acute stent thromboses in a metal allergic patient.
Coron Artery Dis 2016; 28: 175-6.

6 Jurado-Roman A, Lopez-Lluva MT, Sanchez-Pérez |, Piqueras-Flores J,
Maseda R, Lozano-Ruiz-Poveda F. Bioresorbable vascular scaffold to treat
malignant in-stent restenosis in a patient with nickel allergy. Cardiovasc
Revascularization Med 2016; 18: 38—40.

7 Eda T, Teshima Y, Suga K, et al. [Coronary Artery Bypass Grafting for In-stent
Restenosis Probably Caused by Allergic Response;Report of a Case]. Kyobu

Geka 2016; 69: 545-7.

17

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940


Aurelien Gueroult
Full References


Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Heart

10

11

12

13

14

15

16

17

Jimba T, Hashikata T, Matsushita M, Yamasaki M. Repetitive restenosis in a
biodegradable polymer sirolimus-eluting stent with hypersensitivity reaction: a
case report. Eur Hear J - Case Reports 2020; 4: 1-5.

Granata F, Moscarella E, Varricchio A. In-stent restenosis because of nickel
hypersensitivity: a bioresorbable solution? Coron Artery Dis 2015; 26: 461-2.
Nakazawa G, Tanabe K, Aoki J, et al. Sirolimus-eluting stents suppress
neointimal formation irrespective of metallic allergy. Circ J 2008; 72: 893-6.
Hansen PR, Ahlehoff O, Gislason GH, Galloe AM, Menne T, Thyssen JP.
Absence of metal allergy in patients with very late drug-eluting stent
thrombosis: a pilot study. Int. J. Cardiol. 2010; 145: 629-30.

Tuzer C, Beyaz S, Ince B, et al. Chronic urticaria after coronary stent
placement: Is there a causative relationship? Allergy Eur J Allergy Clin
Immunol 2018; 73: 410.

Perkins J. Systemic nickel allergy syndrome. J Am Acad Dermatol 2017; 76:
AB246.

Kounis NG, Hahalis G, Theoharides TC. Coronary Stents, Hypersensitivity
Reactions, and the Kounis Syndrome. J Interv Cardiol 2007; 20: 314-23.
Almpanis GC, Tsigkas GG, Koutsojannis C, Mazarakis A, Kounis GN, Kounis
NG. Nickel allergy, Kounis syndrome and intracardiac metal devices. Int. J.
Cardiol. 2010; 145: 364-5.

Romero-Brufau S, Best P, Holmes D, et al. Outcomes After Coronary Stent
Implantation in Patients With Metal Allergy. Circ-Cardiovasc Interv 2012; 5:
220-6.

Rigatelli G, Cardaioli P, Giordan M, et al. Nickel allergy in interatrial shunt

device-based closure patients. Congenit Heart Dis 2007; 2: 416-20.

18

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s) Heart

18

19

20

21

22

23

24

25

26

Wertman B, Azarbal B, Riedl M, Tobis J. Adverse events associated with
nickel allergy in patients undergoing percutaneous atrial septal defect or patent
foramen ovale closure. J. Am. Coll. Cardiol. 2006; 47: 1226-7.

Fernandes P, Sharma S-R, Magee A, Michielon G, Fraisse A. Severe Migraine
Associated With Nickel Allergy Requiring Surgical Removal of Atrial Septal
Device. Ann Thorac Surg 2019; 108: e183—4.

Bé&lohlavkova S, Bélohlavek J, Podzimek S. Allergic contact dermatitis as a
reaction to nitinol following transcatheter closure of persistent foramen ovale
using Amplatzer occluder. Alergie (Praha, Print) 2011; : 136—41.

Vincent RN, Raviele AA, Diehl HJ. Single-center experience with the HELEX
septal occluder for closure of atrial septal defects in children. J Interv Cardiol
2003; 16: 79-82.

Khodaverdian RA, Jones KW. Metal allergy to Amplatzer occluder device
presented as severe bronchospasm. Ann Thorac Surg 2009; 88: 2021-2.
Bissessor N. Current perspectives in percutaneous atrial septal defect closure
devices. Med Devices (Auckl) 2015; 8: 297-303.

Jalal Z, Hascoet S, Baruteau A-E, et al. Long-term Complications After
Transcatheter Atrial Septal Defect Closure: A Review of the Medical Literature.
Can J Cardiol 2016; 32: 1315.e11-1315.e18.

Reddy BT, Patel JB, Powell DL, Michaels AD. Interatrial shunt closure devices
in patients with nickel allergy. Catheter Cardiovasc Interv Off J Soc Card
Angiogr Interv 2009; 74: 647-51.

Kocer N, Mondel PK, Yamac E, Kavak A, Kizilkilic O, Islak C. Is there an
association between flow diverter fish mouthing and delayed-type

hypersensitivity to metals?-a case-control study. Neuroradiology 2017; 59:

19

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s) Heart

27

28

29

30

31

32

33

1171-8.

Wallace AN, Delgado Almandoz JE, Kayan Y, et al. Pipeline Treatment of
Intracranial Aneurysms Is Safe and Effective in Patients with Cutaneous Metal
Allergy. World Neurosurg 2019; 123: e180-5.

Park HS, Nakagawa |, Yokoyama S, et al. Nickel-associated delayed multiple
white matter lesions after stent-assisted coil embolization of intracranial
unruptured aneurysm. BMJ Case Rep 2017; 2017. DOI:10.1136/bcr-2017-
013005.

Shotar E, Law-Ye B, Baronnet-Chauvet F, et al. Non-ischemic cerebral
enhancing lesions secondary to endovascular aneurysm therapy: nickel allergy
or foreign body reaction? Case series and review of the literature.
Neuroradiology 2016; 58: 877-85.

Lobotesis K, Mahady K, Ganesalingam J, et al. Coiling-associated delayed
cerebral hypersensitivity: Is nickel the link? Neurology 2015; 84: 97-9.
Marcos-Gonzalez A, Spoerl D, Darbellay B, Piletta P. Hypersensitivity to an
intracerebral stent and symptomatic cerebral lesions: A possible link? J.
Dermatol. 2016; 44: 1187-8.

Ulus S, Yakupoglu A, Kararslan E, Islak C, Siva A, Kocer N. Reversible
intracranial parenchymal changes in MRI after MCA aneurysm treatment with
stent-assisted coiling technique; possible nickel allergy. Neuroradiology. 2012;
54: 897-9.

Narata AP, Janot K, Bibi R, et al. Reversible Brain Edema Associated with
Flow Diverter Stent Procedures: A Retrospective Single- Center Study to
Evaluate Frequency, Clinical Evolution, and Possible Mechanism. World

Neurosurg 2019; 122: e569-76.

20

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Heart

34

35

36

37

38

39

40

41

42

43

Nakagawa |, Park HS, Kotsugi M, et al. Delayed Intracranial Parenchymal
Changes After Aneurysmal Coil Embolization Procedures for Unruptured
Intracranial Aneurysms. Oper Neurosurg (Hagerstown, Md) 2020; 19: 76-83.
Kawatani Y, Kurobe H, Nakamura Y, Hori T. A case of nickel allergy after
endovascular aortic repair. Asian Cardiovasc Thorac Ann 2018; 27: 114-7.
Gimenez-Arnau A, Riambau V, Serra-Baldrich E, Camarasa JG. Metal-induced
generalized pruriginous dermatitis and endovascular surgery. Contact
Dermatitis 2000; 43: 35-40.

Joshi SR, Khan DA. Effective Use of Dupilumab in Managing Systemic Allergic
Contact Dermatitis. Dermat contact, atopic, Occup drug 2018; 29: 282—4.
Guerra A, Kirkwood M. Severe generalized dermatitis in a nickel-allergic
patient with a popliteal artery nitinol stent. J Vasc Surg cases Innov Tech 2017,
3: 23-5.

Jetty P, Jayaram S, Veinot J, Pratt M. Superficial femoral artery nitinol stent in
a patient with nickel allergy. J Vasc Surg 2013; 58: 1388-90.

Beecker J, Pratt M. A Case Series of Metal Prostheses Allergy. Dermatitis
2009; 20.
https://journals.lww.com/dermatitis/Fulltext/2009/07000/A_Case_Series_of Me
tal_Prostheses Allergy.12.aspx.

Univers J, Long C, Tonks SA, Freeman MB. Systemic hypersensitivity reaction
to endovascular stainless steel stent. J Vasc Surg 2018; 67: 615—7.

Guntani A, Kawakubo E, Yoshiga R, Mii S. Metallic allergy requiring removal of
iliac stent: report of a case. Surg Case Reports 2020; 6: 82.

Stamm A, Kozlowski P, Brandenberger J. Surgical solution to an intracorporeal

nickel allergy. Rev Urol 2017; 19: 195-7.

21

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s) Heart

44

45

46

47

48

49

50

51

52

Fahrni J, Gloviczki P, Friese JL, Bakkum-Gamez JN. Hypersensitivity to nickel
in a patient treated with coil embolization for pelvic congestion syndrome. J
Vasc surgery Venous Lymphat Disord 2015; 3: 319-21.

Jia Z, Tu J, Wang K, Jiang G, Wang W. Allergic Reaction following
Implantation of a Nitinol Alloy Inferior Vena Cava Filter. J Vasc Interv Radiol
2015; 26: 1375-7.

Hayashi H, Tsuiji A, Asano R, et al. Successful multi-step catheter intervention
for thrombotic inferior vena cava filter retrieval. J Cardiol Cases 2019; 20: 142—
6.

Morshedi MM, Kinney TB. Nickel Hypersensitivity in Patients with Inferior Vena
Cava Filters: Case Report and Literature and MAUDE Database Review. J
Vasc Interv Radiol 2014; 25: 1187-91.

Vo(te MT, Bastos Gongalves FM, Van De Luijtgaarden KM, et al. Stent graft
composition plays a material role in the postimplantation syndrome. J Vasc
Surg 2012; 56: 1503-9.

Ekqvist S, Svedman C, Lundh T, Méller H, Bjérk J, Bruze M. A correlation
found between gold concentration in blood and patch test reactions in patients
with coronary stents. Contact Dermatitis 2008; 59: 137—42.

Ekqvist S, Svedman C, Mdller H, et al. High frequency of contact allergy to
gold in patients with endovascular coronary stents. Br J Dermatol 2007; 157
730-8.

Aliagaoglu C, Turan H, Erden |, et al. Relation of Nickel Allergy with in-Stent
Restenosis in Patients Treated with Cobalt Chromium Stents. Ann Dermatol
2012; 24: 426-9.

El-Mawardy R, Fuad H, Abdel-Salam Z, Ghazy M, Nammas W. Does nickel

22

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s) Heart

53

54

55

56

57

58

59

60

61

allergy play a role in the development of in-stent restenosis? Eur Rev Med
Pharmacol Sci 2011; 15: 1235—-40.

Hillen U, Haude M, Erbel R, Goos M. Evaluation of metal allergies in patients
with coronary stents. Contact Dermatitis 2002; 47: 353—6.

Késter R, Vieluf D, Kiehn M, et al. Nickel and molybdenum contact allergies in
patients with coronary in-stent restenosis. Lancet (London, England) 2000;
356: 1895-7.

Morice M, Lefevre T, Louvard Y, Piéchaud J-F, Defrance M. In-stent
restenosis. Is nickel allergy clinically relevant? Eur Heart J 2001; 22: 281.
Norgaz T, Hobikoglu G, Serdar ZA, et al. Is there a link between nickel allergy
and coronary stent restenosis? Tohoku J Exp Med 2005; 206: 243—-6.
Slodownik D, Danenberg C, Merkin D, et al. Coronary stent restenosis and the
association with allergy to metal content of 316L stainless steel. Cardiovasc J
Afr2018; 29: 43-5.

Svedman C, Ekqvist S, Moller H, et al. A correlation found between contact
allergy to stent material and restenosis of the coronary arteries. Contact
Dermatitis 2009; 60: 158—64.

Thyssen JP, Engkilde K, Menne T, Johansen JD, Hansen PR, Gislason GH.
No association between metal allergy and cardiac in-stent restenosis in
patients with dermatitis-results from a linkage study. Contact Dermatitis 2011;
64: 138—41.

Lim T, Kim M, Kum D, et al. The Effect of a New Carbon Stent for Preventing
Restenosis-Prospective, Randomized Study for Preventing Metal Allergy.
Korean Circ J 2007; 37: 258.

Koniari I, Kounis NG, Hahalis G. In-stent restenosis and thrombosis due to

23

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Heart

62

63

64

65

66

67

68

69

70

metal hypersensitivity: implications for Kounis syndrome. J. Thorac. Dis. 2016;
8: 3056-8.

Kounis GN, Hahalis G, Kounis NG. Letter by Kounis et al Regarding Article,
‘Sirolimus-Eluting Stents Suppress Neointimal Formation Irrespective of
Metallic Allergy’. Circ J 2008; 72: 1721.

Nakazawa G, Tanabe K, Hara K. Reply to Letter Regarding Article, ‘Sirolimus-
Eluting Stents Suppress Neointimal Formation Irrespective of Metallic Allergy’.
Circ J 2008; 72: 1722.

Schalock PC. Clinical spectrum of allergic reactions to metal implants. Contact
Dermatitis 2018; 79: 11.

Lall P, Hemmers P, Santilli J, Harper K. Coronary Stent Hypersensitivity
Reactions. J Allergy Clin Immunol 2011; 127: AB196.

Basko-Plluska JL, Thyssen JP, Schalock PC. Cutaneous and systemic
hypersensitivity reactions to metallic implants. Dermat contact, atopic, Occup
drug 2011; 22: 65-79.

Teo Wendy ZW, Schalock PC. Hypersensitivity Reactions to Implanted Metal
Devices: Facts and Fictions. J Investig Allergol Clin Immunol 2016; 26: 279—
94.

Schalock PC, Menne T, Johansen JD, et al. Hypersensitivity reactions to
metallic implants - diagnostic algorithm and suggested patch test series for
clinical use. Contact Dermatitis 2011; 66: 4—19.

Honari G, Ellis SG, Wilkoff BL, Aronica MA, Svensson LG, Taylor JS.
Hypersensitivity reactions associated with endovascular devices. Contact
Dermatitis 2008; 59: 7-22.

Gong Z, Li M, Guo X, Ma Z, Shi J. Stent implantation in patients with metal

24

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Heart

71

72

73

74

75

76

77

78

79

80

allergy: a systemic review and meta-analysis. Coron Artery Dis 2013; 24: 684—
9.

Jukema JW, Verschuren JJW, Ahmed TAN, Quax PHA. Restenosis after PCI.
Part 1: pathophysiology and risk factors. Nat Publ Gr 2012; 9: 53—62.
Thanopoulos BD, Biasco L, Dardas P, et al. Catheter closure of atrial septal
defects using the Cocoon septal occluder: preliminary results of a European
multicenter study. Int J Cardiol 2014; 177: 418-22.

Lertsapcharoen P, Khongphatthanayothin A, La-orkhun V, Vithessonthi K,
Srimahachota S. Transcatheter closure of patent ductus arteriosus with a self-
expanding platinum-coated nitinol device. J Invasive Cardiol 2009; 21: 286-9.
Anselmino M, Ribezzo M, Orzan F. Nickel allergy, how deep? Acta Cardiol
2009; 64: 104—6.

Tonetti DA, Perez JL, Ozpinar A, Zussman B, Gross BA, Jankowitz BT. Use of
Pipeline Endovascular Device in Patients with Nickel Allergies. World
Neurosurg 2018; 120: 349-51.

Narata P, Cottier J-P, Bibi R, Herbreteau D, Janot K. Abstract TP85:
Reversible Brain Swelling After Flow Diverter Stents Placed From Middle
Cerebral Artery to Internal Carotid Artery. Stroke 2018; 49: ATP85-ATP85.
Jeswani S, Alexander MJ. Nickel allergy: a reason for concern? J Neurointerv
Surg 2011; 3: 2 LP - 4.

Pinto WBVR, de Souza PVS. Coiling-associated delayed cerebral
hypersensitivity: is nickel the link? Neurology. 2015; 85: 204.

Majersik JJ. Comment: Nickel-associated delayed cerebral hypersensitivity-
Recognition is key. Neurology 2015; 84: 97.

Chun A, Tsang O, Nicholson P, Pereira VM. Literature Review Nickel-Related

25

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Heart

Adverse Reactions in the Treatment of Cerebral Aneurysms : A Literature
Review. World Neurosurg 2018; 115: 147-53.
81  Spanos K, Drakou A. Should we consider nickel allergy a potential factor

associated with peripheral stent patency ? 2015; 23: 2015.

26

Guéroult AM, et al. Heart 2021;0:1-9. doi: 10.1136/heartjnl-2021-319940



BMJ Publishilng Group Limited (BMJ) disclaims all liability and r%ponsibilit¥ arising from any reliance

Supplemental material placed on'this supplemental material which has been supplied by the author(s)

Heart

Supplement 4. GRADE Summary of evidence table

Participants
(studies)
Follow up

Certainty assessment

Overall
Publication | certainty
bias of
evidence

Risk of bias Inconsistency | Indirectness | Imprecision

With
Control

Summary of findings

Study event rates
(%)

With
Patch-
test
proven
nickel
allergy

Coronary In-stent Restenosis (timing of exposure: range 1 months to 2 years)

Relative
effect
(95% CI)

Anticipated
absolute effects

Risk
difference
with
Patch-
test
proven
nickel
allergy

Risk
with
Control

132 cases serious not serious not serious not serious none @OOO 132 cases 1299 OR 1.38 Moderate
1299 1,2,3,4,5,6,7,8,9,10,11,2 VERY LOW controls (0.83 to
controls 2.30) 229 per | 62 more
(10 1,000 | per 1,000
observational (from 31
studies) fewer to
177 more)
Coronary Re-In-Stent Restenosis (timing of exposure: median 6 months)
32 cases 161 serious 232 not serious not serious not serious none @OOO 32 cases 161 OR 5.00 High
controls VERY LOW controls (2.11 to
2 11.85) 430 per | 360 more
observational 1,000 per 1,000
studies) (from 184
more to
469 more)
Structural heart 'Device Syndromes' (timing of exposure: range 6 months to 12 months)
19 cases 64 serious 12132 not serious not serious not serious none @OOO 19 cases 64 controls | OR 52.28 Moderate
controls VERY LOW (1.31 to
@ 2079.14) 361 per [ 606 more
observational 1,000 per 1,000
studies) (from 64
more to
638 more)
Neurovascular adverse outcomes (fish-mouthing)
9 cases 24 serious 42 not serious not serious not serious none YOO | 9 cases 24 controls OR 3.04 Moderate
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Certainty assessment Summary of findings

controls VERY LOW (0.59 to 273 per | 260 more
(1 15.72) 1,000 per 1,000
observational (from 92
study) fewer to
582 more)

Pooled 'adverse outcomes' as defined by the studies (timing of exposure: range 1 months to 2 years)

192 cases serious not serious not serious not serious none @OOO 192 cases 1548 OR 2.61 Moderate
1548 1,2,3,4,5,6,7,8,9,10,11,12,13,14,a controls (1.41to
VERY LOW '
controls 4.85) 258 per | 218 more
(14 1,000 | per 1,000
observational (from 71
studies) more to
370 more)

CI: Confidence interval; OR: Odds ratio

Explanations

a. Risk of reporting bias and small sample sizes
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