
Abstract. – Objectives: It was suggested
that coronary in-stent restenosis might be trig-
gered by allergy to nickel and molybdenum ions
released from stainless-steel stents. We sought
to explore any possible relationship between
nickel allergy and in-stent restenosis.

Materials and Methods: 50 patients were
studied, who underwent elective follow-up coro-
nary angiography for recurrent symptoms after
prior coronary stenting, at least 3 months follow-
ing the index procedure. Consecutively, we en-
rolled 25 patients with ≥ 50% in-stent restenosis
(study group), and 25 others with < 50% resteno-
sis (control group), as revealed by coronary an-
giography. Evaluation for nickel allergy was per-
formed using 5% nickel sulphate solution in petro-
leum applied as a patch test to the interscapular
region by the Finn chamber method. A positive
test was defined as an inflammatory response
with erythema, edema, papulovesicles, or infiltra-
tion after 48 or 72 hours.

Results: The mean age of the whole study co-
hort was 55.9 ± 13.9 years, 44 (88%) being males.
Two patients of the study group (8%) had a history
of contact allergy to metals. However, both of
them showed a negative patch test result. No pa-
tient in the control group had a history of metal al-
lergy (p > 0.05). Only one patient in the study
group (4%) had a positive patch test result for
nickel contact allergy, whereas all patients in the
control group had a negative result (p > 0.05).

Conclusions: Based on the available evi-
dence, a cause-effect relationship between nick-
el allergy and in-stent restenosis cannot be con-
firmed. 
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Introduction

Percutaneous coronary angioplasty is nowa-
days the most widely used means of myocardial
revascularization1. The implantation of metal
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stents during percutaneous coronary intervention
has markedly reduced the frequency of acute
complications and improved patient outcome2;
although, except in the setting of acute myocar-
dial infarction3, survival has not been significant-
ly improved. Yet, in-stent restenosis (ISR) still
remains the “Achilles heel” of this advanced
technology.

ISR occurs in 20-30% of patients undergoing
stent implantation; it is caused entirely by neoin-
timal proliferation4,5 in which inflammation plays
a pivotal role. The inflammatory milieu depends
on systemic and local (arterial) factors. In this
context, diabetes mellitus, vessel morphology
(such as vessel diameter, lesion length, the
amount of residual plaque burden)6,7 and proce-
dural factors (such as vessel wall trauma) may all
augment ISR.

One retrospective study suggested that allergic
reactions to nickel and molybdenum ions re-
leased from stainless-steel coronary stents may
be among the triggering mechanisms of ISR8. It
recommended, therefore, that stainless-steel
stents should be avoided in patients with metal
ions hypersensitivity, either reported on clinical
history or proven by skin patch test. In the cur-
rent study, any possible correlation between ISR
and hypersensitivity to nickel ions released from
stainless-steel stents, was explored.

Patients and Methods

Patient Selection
50 patients admitted to the cardiac catheteri-

zation laboratory during the period from Au-
gust 2008 to February 2009 were studied.
These patients underwent elective follow-up
coronary angiography for recurrent symptoms
after prior coronary stenting, at least 3 months
following the index procedure. We included on-
ly patients who had received 316 L stainless-
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steel slotted-tube balloon-expandable stents.
Patients presenting with acute coronary syn-
drome, those who had received drug-eluting
stents or stents based on other metal alloys (for
example: chromium-cobalt stents), those with
autoimmune diseases (for example: rheumatoid
arthritis), those with immunosuppressive dis-
eases (for example: HIV), those receiving im-
munosuppressive medications (such as corti-
costeroids and cytotoxic drugs), and those with
severe skin lesions that would interfere with
patch test results, were excluded. Before inclu-
sion, an informed written consent was obtained
from each patient after full explanation of the
study protocol, and the protocol was reviewed
and approved by the local institutional human
Research Committee as it conforms to the ethi-
cal guidelines of the 1964 Declaration of
Helsinki, as revised in 2002. Proper clinical
history was taken with special emphasis on al-
lergy to metal contact and allergic skin diseases
(such as contact dermatitis, urticaria, etc.).

Evaluation for Nickel Hypersensitivity
Evaluation for nickel allergy was performed

using 5% nickel sulphate solution in petroleum
(Hermal Kurt Herrmann GmbH & Co. OHG,
Reinbeck, Germany) applied as a patch test to the
interscapular region by the Finn chamber
method. The test was performed and analyzed
according to the International Contact Dermatitis
Research Group9. Hypersensitivity reaction was
evaluated by an experienced dermatologist 48
hours, and when necessary 72 hours following
patch application. A positive test result was de-
fined as an inflammatory response with erythe-
ma, edema, papulovesicles, or infiltration after
48 or 72 hours.

Follow-up Coronary Angiography
All patients underwent selective left and right

coronary arteriography using the standard tech-
nique, and the angiographic data were individual-
ly analyzed by an interventional cardiologist
blinded to both patch test results and clinical da-
ta. Angiographic ISR was defined as 50% diame-
ter stenosis (by visual estimation) within the
stent or in the 5-mm distal or proximal segments
adjacent to the stent, at follow-up coronary an-
giography. Based on the above definition, 25
consecutive patients with ISR at follow-up coro-
nary angiography were enrolled as the “study
group”, and 25 consecutive patients without ISR
were enrolled as the “control group”.

Statistical Analysis
All continuous variables were presented as

mean ± SD, if they were normally distributed.
Data were tested for normal distribution using
the Kolmogorov-Smirnov test. Categorical vari-
ables were described with their absolute and rela-
tive frequencies (percentages). Comparisons be-
tween the 2 study groups were performed using
unpaired t-test and Pearson’s Chi-Square test for
the distribution of continuous and categorical
variables, respectively. All tests were two-sided
and a probability value < 0.05 was considered
statistically significant. Analyses were performed
with Statistical Package of Social Sciences ver-
sion 12.0 (SPSS Inc., Chicago, IL, USA).

Results

Baseline Patient Characteristics
50 patients were enrolled in the current study,

which include 25 consecutive patients with ISR at
follow-up coronary angiography (study group)
and 25 consecutive patients without ISR (control
group). Table I shows baseline clinical characteris-
tics of the whole study cohort, as well as the 2 in-
dividual study groups. The mean age of the whole
study cohort was 55.9±13.9 years, 44 (88%) be-
ing males. The mean period elapsed since the last
stenting procedure was 17±4.3 months. The 2 in-
dividual study groups were statistically matched
regarding age, gender, diabetes mellitus, hyper-
tension, family history of ischemic heart disease,
history of prior acute coronary syndrome and
history of contact allergy to metals. Two patients
in the study group (8%) had a history of contact
allergy to metals; however, both of them showed
a negative patch test result. No patient in the con-
trol group had a history of contact allergy to met-
als. Nevertheless, patients with ISR were more
frequently smokers [21 (84%) versus 13 (52%),
respectively, p = 0.028], and included more pa-
tients with dyslipidemia [19 (76%) vs 5 (20%),
respectively, p < 0.001], as compared to those
without ISR. 

Data of Previous Stents Implanted
The cohort of 50 patients had previously re-

ceived a total of 71 stents: 32 patients had only one
stent each; 15 who had 2 stents each; and 3 who
had 3 stents each. Comparison between the 2 study
groups regarding the mean diameter and mean
length of the first, second and third stents (when
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in patients treated with stainless-steel stent im-
plantation, was found. The existence of such a
relationship was not supported by the results of
the current study.

Stent implantation adds an iatrogenic factor
that enhances neointimal hyperplasia, the so
called ‘response-to-foreign-material hypothesis’.
Metallic implants can induce electron exchange
(redox reaction), proton exchange (hydrolysis),
or complex formation (metal ion-organic mole-
cule binding) in living tissues10. The resultant
protein (e.g. fibrinogen) activation, cell toxicity,
fibroblast growth stimulation, platelet, mono-
cyte/macrophage, endothelial cell adhesion, and
endothelial cell migration10 may all contribute to
the occurrence of restenosis.

Stainless-steel used to produce stents (316 L)
is made of iron fortified with carbon and contains
significant amounts of nickel (12%), chromium
(as chromate) (17%) and molybdenum (2%).
Ions of these elements elute from the stents and

available), is presented in Table II. The mean di-
ameter of the first stent was significantly lower in
the study group as compared to the control group
(3.01±0.16 mm vs 3.17±0.29, respectively, p =
0.023). Otherwise, as in Table II, no statistically
significant difference was found between the 2
groups concerning the mean diameter of the sec-
ond or third stents, or the length of any stent.

Skin Patch Test Results
Only one patient in the study group (4%) had a

positive patch test result for nickel contact aller-
gy; whereas all patients in the control group had
a negative test result (p = 0.5).

Discussion

In the current study, any possible relationship
between ISR and hypersensitivity to nickel ions

Whole cohort Study group Control group
(N = 50) (N = 25) (N = 25) p

Age (years) 55.9 ± 14 55.2 ± 9 56.5 ± 8 > 0.05
Males 44 (88) 23 (92) 21 (84) > 0.05
Smoking 34 (68) 21 (84) 13 (52) < 0.05
Diabetes mellitus 20 (40) 13 (52) 7 (28) > 0.05
Hypertension 31 (62) 16 (64) 15 (60) > 0.05
Dyslipidemia 24 (48) 19 (76) 5 (20) < 0.001
Family history of IHD 6 (12) 3 (12) 3 (12) > 0.05
History of prior ACS 13 (26) 8 (32) 5 (20) > 0.05
History of contact allergy to metals 2 (4) 2 (8) 0 (0) > 0.05

Table I. Baseline characteristics of the whole study cohort and the 2 individual study groups.

All continuous variables are presented as mean ± SD, while categorical variables are presented as numbers (percentage).
ACS: acute coronary syndrome; IHD: ischemic heart disease.

Study group Control group
(N = 25) (N= 25) p

Mean diameter of the 1st stent (mm) 3.01 ± 0.16 3.17 ± 0.29 < 0.05
Mean diameter of the 2nd stent (mm) 2.97 ± 0.23 3.05 ± 0.16 > 0.05
Mean diameter of the 3rd stent (mm) 3.25 ± 0.4 3 > 0.05
Mean length of the 1st stent (mm) 19.7 ± 4.3 18.9 ± 3.9 > 0.05
Mean length of the 2nd stent (mm) 19.7 ± 4.5 18.4 ± 2.7 > 0.05
Mean length of the 3rd stent (mm) 17.7 ± 2.5 18 > 0.05

Table II. Data of previous stents implanted in the 2 individual study groups.

All continuous variables are presented as mean ± SD, while categorical variables are presented as numbers (percentage).
ACS: acute coronary syndrome; IHD: ischemic heart disease.
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might induce the above mentioned reactions10.
Moreover, inflammatory/allergic reactions that
form new tissue around metallic alloys contain-
ing nickel are well known in patients with dental
and orthopaedic implants11. Since nickel was
shown to cause skin contact allergic dermatitis in
5% of males, and 15% of females8, it is likely
that stents which contain nickel (and other ele-
ments) would enhance neointimal hyperplasia.

Köster et al8 enrolled 131 patients prior to un-
dergoing follow-up coronary angiography for
suspected ISR following the implantation of
stainless-steel stents. All patients underwent al-
lergy patch testing for nickel, chromate, molyb-
denum, manganese and stainless-steel. Of the 89
patients who had ISR, 10 (11%) had a positive
patch test result [7 (7.9%) patients had a positive
reaction to nickel, and 4 (4.5%) had a positive re-
action to molybdenum]. Forty-two patients did
not have restenosis and none of them had a posi-
tive patch test.

In accordance with the results of the current
study, other studies failed to demonstrate a corre-
lation between metal allergy and ISR in patients
treated with stainless-steel stents12-14. Neverthe-
less, Iijima et al14, have shown that despite the
absence of a relationship between metal hyper-
sensitivity and ISR, it was a powerful predictor
for the recurrence of ISR – after its initial treat-
ment - by multivariate analysis. As they conclud-
ed, it may be that the mechanism of restenosis is
different between initial stent implantation and
subsequent dilatation of ISR.

A possible limitation of the current study is
the low rate of metal allergy in the cohort (2%)
that did not adequately permit to hold a reliable
comparison between the study group and the
control group. Nickel contact allergy is more
common in women; among women, it decreas-
es significantly with age15. Considering the fact
that females constituted only 12% of the cur-
rent series, with a mean age 55.9±13.9 years
for the whole series, it is not surprising to find
such a low rate of nickel allergy. Previous stud-
ies on metal allergy in patients with ISR report-
ed a higher prevalence of metal allergy (6.9-
11.8%) than the current one12-14. Racial varia-
tions may explain this divergence of findings;
environmental and genetic factors might also
be implicated.

The skin patch test for nickel contact allergy is
simple and inexpensive. Unfortunately, a signifi-
cant percentage of patients with a clinical history
of nickel allergy show a negative patch test

result16, a fact which, to a large extent, limits the
sensitivity of the commercially available skin
patch test. It was previously noted that 5% nickel
sulphate may give false negative reactions, and
alternative test substances like 5% nickel chlo-
ride can, therefore, be useful in selected cases17.
Likewise, modified skin patch testing techniques
that employ pretreatment of the test area, were
described, and demonstrated increased rates of
positive reactions to 5% nickel sulphate patch
test16,18. Two patients in the current series had a
history of contact allergy to metals; both of them,
however, showed a negative patch test result.
Thus, it is probable that patients allergic to nickel
were underestimated in the current series due to
the limited sensitivity of the currently employed
skin patch test.

Clinical Implications
The recently introduced ‘bioactive’ stents

coated with titanium-nitride-oxide which com-
pletely prevents discharge of nickel, chromium
and molybdenum ions, have been a break-
through in stent technology. The safety of the
titanium-nitride-oxide-coated stents has been
confirmed in real-life unselected popula-
tions19,20. Interestingly, bioactive stents have
demonstrated an even “better” outcome as com-
pared to paclitaxel-eluting stents in the real-
world setting of “high risk” patients and com-
plex (type B and C) coronary lesions21, as well
as in patients presenting with acute myocardial
infarction22. Possible contributors to these fa-
vorable results of bioactive stents are the low
electrochemical surface potential and the pre-
vention of nickel and other ion discharge.

Limitations of the Study
The current findings are based on a single-

center study with a relatively small sample size
of the cohort, a fact that makes it difficult to
generalize our results to all patients with previ-
ously implanted stainless-steel stents. Multi-
center studies employing the same protocol and
examining a larger number of patients are obvi-
ously needed. Another subgroup of patients
with chromium-cobalt stents, in which the con-
centration of nickel is higher than the investi-
gated stents, should also be included as a com-
parison group. The limited sensitivity of the
currently employed skin patch test and the low
prevalence of nickel hypersensitivity in the
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whole series might constitute obvious limita-
tions. Other limitations of this study include
the retrospective design of the study and the
possibility of selection bias, since we studied a
cohort of patients referred for follow-up coro-
nary angiography after prior angioplasty with
stenting, most likely due to recurrent symp-
toms. Another important concern is that the re-
sponse of endothelial and vascular smooth
muscle cells to metals might be different from
that of epidermal cells. In this regard, it is rec-
ommended to study the effect of nickel and
molybdenum specifically on these cell lines (in
terms of proliferation), in order to provide a di-
rect evidence for the role of these metals in
restenosis. 

In conclusion, based on the results of this
study and other available evidence in the litera-
ture, a cause-effect relationship between nickel
hypersensitivity and ISR, cannot be confirmed. 
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