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Aims It is widely known that drug-eluting stents (DES) induce coronary vasomotion abnormalities. We have previously de-
monstrated that chronic treatment with long-acting nifedipine suppresses coronary hyperconstricting responses in-
duced by the first-generation DES (e.g. sirolimus- and pacritaxel-eluting stents) through inhibition of vascular
inflammation in pigs. To examine whether this is also the case with the second-generation DES (everolimus-eluting
stents, EES) in humans, the most widely used DES in the world, we conducted a prospective, randomized, multicentre
trial, termed as the NOVEL Study.

Methods
and results

We evaluated 100 patients with stable angina pectoris who underwent scheduled implantation of EES in the left coronary
arteries. They were randomly assigned to receive either conventional treatments alone or additionally long-acting nifedi-
pine (10–60 mg/day) (n ¼ 50 each). After 8–10 months, 37 patients in the control and 38 in the nifedipine group were
examined for coronary vasoreactivity to intracoronary acetylcholine (ACh) by quantitative coronary angiography after
48-h withdrawal of nifedipine. Coronary vasoconstricting responses to ACh were significantly enhanced at the distal
edge of EES compared with non-stented vessel (P ¼ 0.0001) and were significantly suppressed in the nifedipine group
compared with the control group (P ¼ 0.0044). Furthermore, the inflammatory profiles were also improved only in
the nifedipine group, which evaluated by serum levels of high-sensitivity CRP (P ¼ 0.0001) and adiponectin (P ¼ 0.0039).

Conclusions These results indicate that DES-induced coronary vasomotion abnormalities still remain an important clinical issue even
with the second-generation DES, for which long-acting nifedipine exerts beneficial effects associated with its anti-in-
flammatory effects. Trial Registration: This study is registered at the UMIN Clinical Trial Registry (UMIN-CTR;
ID¼UMIN000015147).
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Introduction
Drug-eluting stents (DES) have been widely used over the past dec-
ades with the marked reduction of in-stent restenosis (ISR) and
need of revascularization after percutaneous coronary intervention

(PCI).1 However, the use of the first-generation sirolimus- and
paclitaxel-eluting stents (SES/PES) raised several concerns about
the safety issue, including late stent thrombosis (LST)2 and impair-
ment of coronary vasomotion.3 –7 Indeed, enhanced coronary vaso-
constriction in response to intracoronary acetylcholine (ACh)4 or
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exercise stress3 have been noted in the coronary segments adjacent
to DES but not in those to bare-metal stents.3,4 It has also been re-
ported that severe coronary spasm at the stented vessel could cause
serious adverse cardiac events in the chronic phase following DES
implantation.7 We have previously demonstrated that activation of
Rho-kinase, a downstream effector of the small GTP-binding pro-
tein Rho, plays a central role in the molecular mechanism of coron-
ary spasm8 and DES-induced coronary hyperconstricting responses
as well.5,6 Recently, it has been shown that the second-generation
DES succeeded in ameliorating the adverse effect of the first-
generation SES or PES with resultant better clinical performance.9

However, it remains to be elucidated whether the second-
generation DES have actually resolved the problem of the first-
generation SES/PES,10 and if not, what medication is effective to
ameliorate the DES-induced coronary vasomotion abnormalities.

Long-acting calcium channel blockers (CCBs) are widely used as
the first-line agents for vasospastic angina (VSA).11 Previous studies
(e.g. ACTION and ENCORE trials) demonstrated that long-acting
nifedipine exerted cardiovascular protective effects through inhib-
ition of vascular inflammation and improvement of endothelial func-
tion.12,13 Furthermore, we have recently reported that long-acting
nifedipine suppresses PES-induced coronary hyperconstricting re-
sponses in pigs in vivo associated with improvement of PES-induced
inflammatory changes and Rho-kinase activation.14

In the present study, we thus aimed to examine whether long-
acting nifedipine exerts the vasculoprotective effects on the coron-
ary arteries implanted with the second-generation DES in patients
with coronary artery disease (CAD) and also improves their long-
term prognosis in a prospective, randomized, multicentre trial,
termed as the NOVEL Study.

Methods
The Nifedipine on Coronary Vascular Function after Drug-Eluting Stent
Implantation (NOVEL) Study was a prospective, randomized, multicen-
tre study and was conducted following the ethical principles in the Dec-
laration of Helsinki (UMIN000015147). The study protocol was
approved by each institutional ethics committee of the nine participating
hospitals in Japan (Supplementary material online, p. 16–17).

Study design
We enrolled patients with stable angina pectoris aged ≥20 years who
underwent scheduled implantation of everolimus-eluting stents (EES)
in the left coronary arteries (LCA). The following patients were ex-
cluded: (i) acute coronary syndrome, (ii) VSA, (iii) heart failure with re-
duced ejection fraction (EF , 40%), (iv) severe liver and/or renal
dysfunction, (v) intolerance to CCBs, and (vi) previous stent implant-
ation in the target vessel. All patients were randomly assigned to either
the control group treated with conventional therapies alone (aspirin,
clopidogrel, renin–angiotensin system inhibitors (RASI), and statins)
or the nifedipine group treated with additional long-acting nifedipine
to the conventional therapies, with a 1:1 ratio through stratification
by sex, age, baseline systolic blood pressure, and diabetes mellitus in
each participating hospital. Primary endpoint was coronary vasocon-
stricting response to ACh in the coronary segments adjacent to EES.
Secondary endpoints were defined as composite of major adverse car-
diac events, including cardiac death, non-fatal myocardial infarction (MI),
and target lesion or vessel revascularizations (TLR/TVR).

Coronary vasomotor responses to
intracoronary acetylcholine
At 8–10 months after EES implantation, coronary vasomotor responses
to ACh were examined as previously reported in detail.6 Long-acting ni-
fedipine was discontinued at least 48 h before the study. Quantitative
coronary angiography (QCA) was performed by two independent ob-
servers who were blinded to the assignment of patients. Coronary seg-
ments assessed by QCA included the stented segment (within 20 mm
apart from proximal and distal stent edges) and a non-stented segment
of LCA as a reference site.14 Coronary vasomotor responses to ACh
were quantified as per cent change in luminal diameter compared
with that after intracoronary isosorbide dinitrate (ISDN).

Inflammatory and anti-inflammatory
biomarkers
To clarify the effects of long-acting nifedipine on systemic inflammatory
status, we measured serum levels of high-sensitivity C-reactive protein
(hsCRP) and plasma levels of pentraxin-3 (PTX3) as inflammatory mar-
kers,15 and adiponectin as an anti-inflammatory marker16 at three times,
including baseline, 3 and 8–10 months after PCI.

Statistical analysis
Based on the results of the previous studies,6,12 – 14 we expected that
adding long-acting nifedipine would achieve 10% reduction in coronary
vasoconstricting responses to ACh compared with conventional ther-
apies alone. The assumptions used for power calculations required a
sample size of 37 patients per treatment group to provide 80% power
(assuming an SD of 15.0%) to detect 10% difference in coronary vaso-
constricting responses with a 5% type I error rate for a two-sided test.
With an anticipated dropout rate of �25%, enrolment of 50 patients
per treatment group (100 randomized patients in total) was specified
to provide an adequate number of patients for evaluable ACh provoca-
tion test. Continuous variables are expressed as mean+ SD and cat-
egorical variables as percentages. Unpaired Student’s t-test for normal
distribution and Wilcoxon tests for asymmetric distribution were
used to analyse differences in continuous variables. x2 test or Fisher’s
exact test was used for categorical variables. Comparisons of inflamma-
tory and anti-inflammatory markers at three time points were per-
formed with repeated measures analysis of variance following multiple
comparisons by Turkey Honestly significant difference test. A P-value of
,0.05 was considered to be statistically significant (refer to Supplemen-
tary material for further information).

Results

Patient flow and characteristics
Between November 2011 and September 2013, a total of 146 pa-
tients who were eligible for the inclusion criteria and gave written
informed consent were enrolled. In the present study, however, in
accordance with the ethical committee recommendation, we
turned the initially enrolled and randomized 100 patients into the
objects of comparative evaluation. Flow chart of this study is shown
in Figure 1. In both the control and the nifedipine groups, 50 patients
were finally assigned. During the time between patient randomiza-
tion and follow-up CAG, 12 patients in the control group and 11 in
the nifedipine group dropped out because of adverse events, viola-
tion of the protocol for stent implantation or withdrawal of consent.
Thus, follow-up CAG was performed in 38 patients in the control
group and 39 in the nifedipine group; however, one patients in the
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each group needed TLR/TVR. Finally, coronary vasomotor re-
sponses to ACh were examined in 37 patients in the control and
38 in the nifedipine group (Figure 1). Patient characteristics and med-
ications at baseline are summarized in Table 1. All data were com-
parable between the two groups. Moreover, we found no
difference in mean blood pressure or heart rate at the follow-up
study between the two groups (Table 1).

Angiographic and procedural profiles
Angiographic and procedural characteristics are shown in Table 2.
The nifedipine group tended to be implanted the EES in LAD
more frequently compared with the control group, although statis-
tically not significant. Although the stenotic severity of target lesion
was slightly serious in the control group compared with the nifedi-
pine group, the other lesion and procedural characteristics were all
comparable between the two groups.

Coronary vasomotor responses to
intracoronary acetylcholine
Intracoronary ACh caused severe coronary spasm requiring imme-
diate intracoronary ISDN administration more frequently in the
control group (n ¼ 19, 51.4%) compared with the nifedipine group
(n ¼ 9, 23.7%) (P ¼ 0.0175) (Figure 2). Thus, not all patients re-
ceived all three doses of ACh, seven in the control group (21.2%),
and five in the nifedipine group (14.3%) received the initial and low-
est dose of ACh (25mg) alone, while seven (23.3%) and four (12.1%)
in the control and the nifedipine groups received the intermediate
dose of ACh (50mg), respectively. Importantly, ACh-induced vaso-
constriction at the segment distal to the EES was suppressed in the
nifedipine group compared with the control group (Figure 2).

Quantitative coronary angiography measurements for coronary
vasomotor responses to ACh are summarized in Table 3 and
Figures 3. Serial changes in the absolute value of minimum lumen
diameter in the region of interest are also shown in Supplementary
material online, Table S1 and Figure S1. The results are comparable
with those with using %change in diameter at the selected point.
Quantitative coronary angiography analysis showed that coronary
vasoconstricting responses to ACh were significantly enhanced at
the distal edge to the EES compared with the non-stented vessel
in both groups. In subgroup analysis for LAD and LCX, although
the constricting effect of ACh was more pronounced in the LAD,
the per cent reduction of constriction following nifedipine
treatment was comparable between the two arteries (LAD,
14.7+ 4.8% vs. LCX, 15.8+ 7.1%, P ¼ 0.82) (Supplementary
material online, Figure S2). Furthermore, increasing number of EES
tended to correlate with greater vasoconstriction at the distal
edge to EES in the control group, whereas no such tendency
was noted in the nifedipine group (Supplementary material online,
Figure S3). In contrast, no significant difference in response to ACh
was noted between the proximal segments of EES and the non-
stented vessel. Maximum coronary vasodilation to ISDN from
baseline was comparable between the two groups (Table 3).

Inflammatory and anti-inflammatory
biomarkers
Serial changes in serum levels of inflammatory and anti-inflammatory
biomarkers are shown in Figure 4 and Supplementary material online,
Figure S4. At baseline, there was no difference in the levels of
adiponectin, hsCRP or PTX3 between the control and the nifedi-
pine groups. When compared with baseline, the treatment

Figure 1 Patient flow diagram. RAS, renin–angiotensin system; PCI, percutaneous coronary intervention; CAG, coronary angiogram;
MI, myocardial infarction; TLR, target lesion revascularization; TVR, target vessel revascularization.
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Table 1 Baseline characteristics

Control (n 5 37) Nifedipine (n 5 38) P-value

Age 69.7+10.2 67.6+9.2 0.37

Male (%) 23 (62.2) 25 (65.8) 0.81

Hypertension, n (%) 28 (75.7) 33 (86.8) 0.25

Mean blood pressure (mmHg)

At baseline 97.2+15.2 95.2+13.8 0.55

At follow-up study 94.3+13.3 91.0+13.8 0.16

Heart rate (beat per minutes)

At baseline 74.3+12.8 73.1+12.5 0.79

At follow-up study 70.9+11.5 70.1+12.1 0.54

Dyslipidaemia, n (%) 21 (56.8) 19 (50.0) 0.65

Diabetes merits, n (%) 18 (48.7) 19 (50.0) 1.0

Smoking, n (%) 7 (18.9) 11 (29.0) 0.42

Previous myocardial infarction, n (%) 12 (33.3) 10 (26.3) 0.61

Laboratory findings

Triglyceride (mg/dL) 135.8+58.0 145.5+72.1 0.84

LDL-cholesterol (mg/dL) 86.4+24.3 82.0+30.0 0.49

HDL-cholesterol (mg/dL) 49.8+13.0 51.0+20.4 0.56

Total cholesterol (mg/dL) 161.9+25.5 159.6+32.1 0.67

White blood cell (×103/mL) 6178+1910 5876+1360 0.63

Creatinine (mg/dL) 0.81+0.18 0.81+0.20 0.78

Baseline medications

Statins, n (%) 35 (94.6) 38 (100.0) 0.24

RAS inhibitors, n (%) 33 (89.2) 35 (92.1) 0.72

b-blockers, n (%) 19 (51.4) 12 (31.6) 0.10

Nitrates, n (%) 13 (35.1) 15 (39.5) 0.86

Results are expressed as mean+ SD.
RAS, renin–angiotensin system; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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Table 2 Procedural and angiographic findings

Control (n 5 37) Nifedipine (n 5 38) P-value

Target lesion

LAD 26 (70.3%) 33 (86.8%) 0.09

LCX 11 (29.7%) 5 (13.1%)

Type B2/C lesion, n (%) 28 (75.7%) 27 (71.1%) 0.80

Number of stents/lesion 1.4+0.6 1.2+0.5 0.38

Stent size (mm) 2.9+0.3 3.0+0.4 0.23

Stent length (mm) 26.7+11.7 27.4+13.0 0.87

Reference vessel diameter (mm) 2.50+0.40 2.59+0.40 0.39

Lesion MLD (mm) 0.92+0.33 1.09+0.33 0.03

% diamter stenosis (%) 63.5+11.7 57.9+11.1 0.04

Lesion length (mm) 22.0+12.4 19.5+10.6 0.36

Acute gain (mm) 1.46+0.39 1.30+0.39 0.65

Late loss (mm) 0.20+0.32 0.11+0.33 0.79

Results are expressed as mean+ SD.
LAD, left anterior descending coronary artery; LCX, left circumflex coronary artery; MLD, minimum lumen diameter.
Stent diameter was calculated by averaging the diameters at the proximal edge, mid portion, and distal edge of the stented coronary artery.
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Figure 2 Nifedipine attenuates everolimus-eluting stent-induced coronary hyperconstricting responses. Representative left coronary angio-
grams of a patient in the control group (A–C) and a patient of the nifedipine group (D–F ), under control condition (A, D), after intracoronary
acetylcholine (B, E) and isosorbide dinitrate (C, F ). Red lines indicate the site of everolimus-eluting stent implantation. The angiogram after acetyl-
choline infusion in the control group (B) showed severe vasoconstriction along the distal segment adjacent to the stent (red arrows), whereas no
severe vasoconstriction was noted in the nifedipine group (blue arrows) (E).
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Table 3 % Changes in diameter response to acetylcholine

Control Nifedipine P-value

ACh 25 mg i.c. n ¼ 33 n ¼ 33

Proximal edge (%) 222.7+20.8 217.8+16.3 0.38

Distal edge (%) 242.2+19.1* 228.1+17.9** 0.0044

Non-stented vessel (%) 220.5+16.7 215.0+16.0 0.29

ACh 50 mg i.c. n ¼ 30 n ¼ 33

Proximal edge (%) 219.4+17.1 216.5+15.8 0.43

Distal edge (%) 243.9+23.5* 227.6+15.7† 0.0030

Non-stented vessel (%) 217.2+15.0 216.3+16.8 0.90

ACh 100 mg i.c. n ¼ 23 n ¼ 29

Proximal edge (%) 223.8+19.1 218.7+14.3 0.21

Distal edge (%) 243.9+19.3* 232.6+16.7** 0.060

Non-stented vessel (%) 217.9+15.8 220.9+12.7 0.31

ISDN n ¼ 37 n ¼ 38

Proximal edge (%) 22.8+25.2 24.0+22.9 0.47

Distal edge (%) 34.1+34.2 27.6+27.9 0.40

Non-stented vessel (%) 12.8+15.1 14.6+17.4 0.55

Results are expressed as mean+ SD.
%Change in diameter ¼ {Lumen diameter (ACh) 2 lumen diameter (ISDN)}/lumen diameter (ISDN) × 100.
*P , 0.0005 vs. non-stented vessel; ** P , 0.01; †P , 0.05.
ACh, acetylcholine; ISDN, isosorbide dinitrate.
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with long-acting nifedipine significantly increased adiponectin level
(P ¼ 0.0001) and decreased hsCRP level (P ¼ 0.0039) during the
follow-up period, whereas no such change was noted in the control
group.

Secondary endpoints
During the study period, three patients in the control group (6.0%)
and three in the nifedipine group (6.0%) had the secondary end-
points (Supplementary material online, Table S2). There was no

Figure 3 Coronary vasomotor response to intracoronary acetylcholine. Coronary vasoconstriction to intracoronary acetylcholine at the prox-
imal (A) and the distal edges (B) adjacent to everolimus-eluting stent and at the non-stented vessel as a reference (C). The extent of coronary
vasoconstriction is expressed as % changes in diameter from the level with intracoronary isosorbide dinitrate. Results are expressed as mean+
SD. P-values are for unpaired Student’s t-test for normal distribution and Wilcoxon tests for asymmetric distribution.

Figure 4 Impact of long-acting nifedipine on inflammatory profiles. Time-course analysis for an anti-inflammatory marker, adiponectin (A), and
inflammatory markers, high-sensitivity CRP (hsCRP) (B) and pentraxin-3 (PTX3) (C ). Results are expressed as mean+ SD. P-values are for
repeated measure analysis of variance.
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difference in the incidence of the secondary endpoints between the
two groups (hazard ratio 1.0, 95% confidence interval 0.19–5.2,
P ¼ 1.0 vs. control).

Discussion
The major findings of the present study were that (1) the issue of
DES-induced coronary hyperconstricting responses still exists
even in the era of EES, the current standard second-generation
DES, especially at the distal segment adjacent to the stent, (2) treat-
ment with long-acting nifedipine suppressed the EES-induced cor-
onary hyperconstricting responses, and (3) systemic inflammatory
profiles were improved by long-acting nifedipine, which may be in-
volved in the beneficial effects of the CCB. To the best of our knowl-
edge, this is the first study demonstrating that chronic treatment
with long-acting nifedipine could ameliorate coronary vasomotion
abnormalities induced by the second-generation DES in humans.

Abnormal coronary vasoconstricting
responses induced by the
second-generation DES
The first-generation DES, such as SES and PES, have dramatically re-
duced the risk of ISR and have already been implanted in millions of
patients in the world.1 However, it was repeatedly shown that both
SES and PES have the drawback of long-term durable polymer resi-
dues due to their non-biocompatible nature, causing the delayed
structural17 and functional healing3,6,18 at the stented coronary seg-
ments with resultant LST and impaired coronary vasomotion.19

Thus, the second-generation DES have been developed with bio-
compatible and bioabsorbance polymers.20 Everolimus-eluting stent
is currently the most widely used second-generation DES with bio-
compatible fluoropolymer and has been demonstrated to reduce
adverse cardiac events including LST, non-fatal MI, and cardiac death
compared with the first-generation DES, while maintaining similar
inhibitory effects on ISR as the first-generation DES.9 However,
the information regarding the effect of EES on coronary vasomotion
is limited, although it is widely used in the world.21 Importantly, in
the present study, the control group showed enhanced coronary va-
soconstricting response to ACh with an average extent of 40%,
which was similar to that observed with SES in our previous study.6

This result suggests that DES-induced abnormal coronary vasomo-
tion still remains unsolved even in the current era with the second-
generation DES.

Beneficial effects of long-acting nifedipine
on DES-induced abnormal coronary
vasomotion
In the present study, nifedipine was stopped at least 48 h before
follow-up CAG. Although we did not directly measure plasma level
of nifedipine, our previous animal study demonstrated that plasma
level of nifedipine was negligible at 24 h after discontinuation.14

Also, it was reported that accumulation of nifedipine in the aorta
or femoral artery was .0.02 mg/g-tissue, 1 day after discontinu-
ation.22 Thus, it is highly possible that residual nifedipine concentra-
tion in the stented coronary artery was negligible. Taken together,

the beneficial effects of long-acting nifedipine observed in the pre-
sent study were not related to its direct inhibitory effects against
coronary vasoconstriction but were mediated by its indirect vascu-
loprotective effects. In the present study, the hyperconstricting re-
sponse to ACh at the distal edge to EES and the inhibitory effects of
long-acting nifedipine tended to be more pronounced in LAD than
in LCX. It is conceivable that the difference in the number of cases
between LAD and LCX could account for the difference in the
results.

Possible mechanisms for the inhibitory
effects of long-acting nifedipine on
EES-induced coronary hyperconstricting
responses
We have previously reported that inflammatory responses and
thrombus formation are accelerated at the DES site of coronary ar-
teries through activation of Rho-kinase.5 The Rho/Rho-kinase path-
way plays a central role in the molecular mechanism of coronary
spasm through vascular smooth muscle cell hyperconstriction and
the expression of Rho-kinase itself is increased by inflammatory
stimuli in a positive manner.8 Thus, it is conceivable that
DES-induced inflammatory changes could enhance Rho-kinase ac-
tivity with resultant coronary hyperconstricting responses.5,6,8 In
the present study, the hyperconstricting responses extended to
the distal segment of the coronary artery from the stented site.
We have recently demonstrated that the implantation of the first-
generation DES, when compared with that of biolimus-eluting stent
with bioabsorbable polymers, enhances adventitial vasa vasorum
formation of the coronary artery and causes coronary hypercon-
stricting responses of the distal segment of the stent in pigs
in vivo.23 We consider that the same mechanism is involved in the
case of EES implantation in humans as noted in the present study.
Nifedipine has been shown to inhibit vascular inflammation through
reduced production of pro-inflammatory cytokines and reactive
oxygen species via peroxisome proliferator-activated receptor-
gamma, and the resultant up-regulation of NO synthesis.24 – 26

Moreover, we have recently demonstrated that chronic treatment
with long-acting nifedipine could suppress excess inflammatory
changes at the DES site and decrease Rho-kinase expression and ac-
tivities in pigs in vivo.14 In the present study, since it was difficult to
evaluate the local inflammation at the DES sites technically in hu-
mans, we measured systemically serum hsCRP and plasma PTX3 le-
vels as inflammatory markers and serum adiponectin level as an
anti-inflammatory one.15,16 The results showed that additional ad-
ministration of long-acting nifedipine significantly lowered hsCRP le-
vel and increased adiponectin level. Altered serum levels of
inflammatory markers, such as elevated hsCRP and low adiponectin
levels, have been implicated in coronary vasomotion abnormalities
in patient with VSA.27 Furthermore, elevated serum hsCRP level
was significantly associated with increased risks of adverse cardiac
events, including stent thrombosis, death and MI in patients im-
planted with DES.28 Taken together, the vasculoprotective effects
of long-acting nifedpine are mediated, at least in part, by inhibition
of inflammatory responses that could activate the Rho-kinase path-
way in the coronary arteries.
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Clinical implications
Cobalt-chromium EES is regarded as the current standard device for
PCI. Additionally, the first- and second-generation DES including
EES have already been implanted in millions of patients with CAD
in the world, enhancing coronary vasoconstricting responses at
the DES sites. It has been reported that impaired coronary vaso-
motor function is associated with increased cardiovascular risks.29,30

A recent study in Germany demonstrated that enhanced coronary
vasoconstrictions represent frequent cardiac causes for ongoing/re-
current angina in patients with previous PCI and no significant ISR.31

Additionally, it was also noted that DES implantation could delay re-
covery of reperfusion-induced coronary vasomotor dysfunction and
left ventricular dysfunction after AMI.32 These findings suggest that
coronary vasomotor dysfunction induced by DES is an important
clinical issue that could affect quality of life and cardiac function of
patients implanted with DES. Thus, we need to develop adjunctive
medical treatments, like long-acting nifedipine as demonstrated in
the present study, which could ameliorate DES-induced impairment
of coronary vasomotor function.

Study limitations
Several limitations should be mentioned for the present study. First,
the present study used Xience Vw and PromusTM stents, commer-
cially available in Japan during the enrolment period. Although EESs
with new platforms are currently used, the drug-eluting system with
durable polymers remains unchanged. Thus, our present findings
should be applicable to the current clinical settings. Second, the in-
formation on the coronary vasomotor responses to ACh before
and immediately after EES implantation was not available, since we
did not perform ACh provocation tests before and immediately
after stent implantation in the present study. However, no significant
difference was found in vasomotor reactivity in the reference seg-
ment between the two groups. Third, several medications that
could influence coronary vasomotion, such as statins, RASI, and
b-blockers, were continued at the time of ACh test. However,
the prescription rates of those were comparable between the
two groups. Fourth, the high dropout rate of the randomized pa-
tients could influence the results of the present study. However,
the ratio was confined to our assumption (25% dropout) and we fi-
nally analysed an adequate number of patients for evaluation of ACh
provocation test. Additionally, as shown in Supplementary material
online, Table S3, there was no difference in reasons for premature
withdrawal and non-evaluability of the dropout patients between
the two groups. Fifth, it is obvious that the sample size and the
follow-up period of the present study were not enough to evaluate
the impact of long-acting nifedipine on long-term prognosis of pa-
tients with EES. This point remains to be examined in future studies
with a larger number of subjects and a longer follow-up period.

Conclusions
In the present study, we were able to demonstrate that DES-
induced coronary vasomotion abnormalities still remains an import-
ant clinical issue even with the second-generation DES, for which
long-acting nifedipine exerts beneficial effects associated with its
anti-inflammatory effects in patients with CAD.

Authors’ contributions
S.M., R.T. performed statistical analysis. H.S. handled funding and
supervision. R.T., A.N., E.N., M.S., Y.Y., T.H., S.H., K.I., T.G., A.K.,
T.S., E.I. acquired the data. H.S., S.Y., J.T. conceived and designed
the research.

H.S., J.T., R.T. drafted the manuscript. H.S. made critical revision of
the manuscript for key intellectual content.

Supplementary material
Supplementary material is available at European Heart Journal online.

Acknowledgements
The authors thank all the members of the NOVEL Study investiga-
tors in each participating hospital. This study was supported in part
by the grants-in-aid from the Ministry of Health, Labor, and Welfare
and those from the Ministry of Education, Culture, Sports, Science,
and Technology, Japan.

Funding
This study was funded in part by Bayer Yakuhin Ltd. (Osaka, Japan) based
on the research contract between the company and the Tohoku Uni-
versity Hospital. The company had no role in the study design, conduct
of the study, data collection, data analysis, or preparation and submis-
sion of the manuscript.

Conflict of interest: H.S. has received lecture fees from Bayer Yaku-
hin Ltd (Osaka, Japan) and Daiichi Sankyo Co. Ltd. (Tokyo, Japan).

References
1. Stone GW, Moses JW, Ellis SG, Schofer J, Dawkins KD, Morice MC, Colombo A,

Schampaert E, Grube E, Kirtane AJ, Cutlip DE, Fahy M, Pocock SJ, Mehran R,
Leon MB. Safety and efficacy of sirolimus- and paclitaxel-eluting coronary stents.
N Engl J Med 2007;356:998–1008.

2. Lagerqvist B, James SK, Stenestrand U, Lindback J, Nilsson T, Wallentin L. Long-
term outcomes with drug-eluting stents versus bare-metal stents in Sweden.
N Engl J Med 2007;356:1009–1019.

3. Togni M, Windecker S, Cocchia R, Wenaweser P, Cook S, Billinger M, Meier B,
Hess OM. Sirolimus-eluting stents associated with paradoxic coronary vasocon-
striction. J Am Coll Cardiol 2005;46:231–6.

4. Kim JW, Suh SY, Choi CU, Na JO, Kim EJ, Rha SW, Park CG, Seo HS, Oh DJ.
Six-month comparison of coronary endothelial dysfunction associated with
sirolimus-eluting stent versus paclitaxel-eluting stent. JACC Cardiovasc Interv 2008;
1:65–71.

5. Shiroto T, Yasuda S, Tsuburaya R, Ito Y, Takahashi J, Ito K, Ishibashi-Ueda H,
Shimokawa H. Role of Rho-kinase in the pathogenesis of coronary hyperconstrict-
ing responses induced by drug-eluting stents in pigs in vivo. J Am Coll Cardiol 2009;
54:2321–9.

6. Aizawa K, Yasuda S, Takahashi J, Takii T, Kikuchi Y, Tsuburaya R, Ito Y, Ito K,
Nakayama M, Takeda M, Shimokawa H. Involvement of Rho-kinase activation in
the pathogenesis of coronary hyperconstricting responses induced by drug-eluting
stents in patients with coronary artery disease. Circ J 2012;76:2552–2560.

7. Takeda M, Shiba N, Takahashi J, Shimokawa H. A case report of very late stent
thrombosis with peri-stent coronary artery aneurysm and stent-related coronary
vasospasm. Cardiovasc Interv Ther 2013;28:272–278.

8. Shimokawa H. 2014 Williams Harvey Lecture: importance of coronary vasomotion
abnormalities -from bench to bedside. Eur Heart J 2014;35:3180–3193.

9. Raber L, Juni P, Nuesch E, Kalesan B, Wenaweser P, Moschovitis A, Khattab AA,
Bahlo M, Togni M, Cook S, Vogel R, Seiler C, Meier B, Windecker S. Long-term
comparison of everolimus-eluting and sirolimus-eluting stents for coronary revas-
cularization. J Am Coll Cardiol 2011;57:2143–2151.

10. Hamilos M, Sarma J, Ostojic M, Cuisset T, Sarno G, Melikian N, Ntalianis A,
Muller O, Barbato E, Beleslin B, Sagic D, De Bruyne B, Bartunek J, Wijns W. Inter-
ference of drug-eluting stents with endothelium-dependent coronary vasomotion:
evidence for device-specific responses. Circ Cardiovasc Interv 2008;1:193–200.

R. Tsuburaya et al.2720

http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehw256/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehw256/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehw256/-/DC1


11. JCS Joint Working Group. Guidelines for diagnosis and treatment of patients with
vasospastic angina (Coronary Spastic Angina) (JCS 2013). Circ J 2014;78:
2779–2801.

12. Poole-Wilson PA, Lubsen J, Kirwan BA, van Dalen FJ, Wagener G, Danchin N,
Just H, Fox KA, Pocock SJ, Clayton TC, Motro M, Parker JD, Bourassa MG,
Dart AM, Hildebrandt P, Hjalmarson A, Kragten JA, Molhoek GP, Otterstad JE,
Seabra-Gomes R, Soler-Soler J, Weber S. Effect of long-acting nifedipine on mor-
tality and cardiovascular morbidity in patients with stable angina requiring treat-
ment (ACTION trial): randomised controlled trial. Lancet 2004;364:849–857.

13. Luscher TF, Pieper M, Tendera M, Vrolix M, Rutsch W, van den Branden F, Gil R,
Bischoff KO, Haude M, Fischer D, Meinertz T, Munzel T. A randomized placebo-
controlled study on the effect of nifedipine on coronary endothelial function and
plaque formation in patients with coronary artery disease: the ENCORE II study.
Eur Heart J 2009;30:1590–1597.

14. Tsuburaya R, Yasuda S, Shiroto T, Ito Y, Gao JY, Aizawa K, Kikuchi Y, Ito K,
Takahashi J, Ishibashi-Ueda H, Shimokawa H. Long-term treatment with nifedipine
suppresses coronary hyperconstricting responses and inflammatory changes in-
duced by paclitaxel-eluting stent in pigs in vivo: possible involvement of Rho-kinase
pathway. Eur Heart J 2012;33:791–799.

15. Inoue K, Sugiyama A, Reid PC, Ito Y, Miyauchi K, Mukai S, Sagara M, Miyamoto K,
Satoh H, Kohno I, Kurata T, Ota H, Mantovani A, Hamakubo T, Daida H, Kodama T.
Establishment of a high sensitivity plasma assay for human pentraxin3 as a marker
for unstable angina pectoris. Arterioscler Thromb Vasc Biol 2007;27:161–167.

16. Otake H, Shite J, Shinke T, Watanabe S, Tanino Y, Ogasawara D, Sawada T, Hirata K,
Yokoyama M. Relation between plasma adiponectin, high-sensitivity C-reactive
protein, and coronary plaque components in patients with acute coronary syn-
drome. Am J Cardiol 2008;101:1–7.

17. Finn AV, Nakazawa G, Joner M, Kolodgie FD, Mont EK, Gold HK, Virmani R. Vas-
cular responses to drug eluting stents: importance of delayed healing. Arterioscler
Thromb Vasc Biol 2007;27:1500–1510.

18. Hofma SH, van der Giessen WJ, van Dalen BM, Lemos PA, McFadden EP, Sianos G,
Ligthart JM, van Essen D, de Feyter PJ, Serruys PW. Indication of long-term endo-
thelial dysfunction after sirolimus-eluting stent implantation. Eur Heart J 2006;27:
166–170.

19. Maseri A, Beltrame JF, Shimokawa H. Role of coronary vasoconstriction in ischemic
heart disease and search for novel therapeutic targets. Circ J 2009;73:394–403.

20. Curcio A, Torella D, Indolfi C. Mechanisms of smooth muscle cell proliferation and
endothelial regeneration after vascular injury and stenting: approach to therapy.
Circ J 2011;75:1287–1296.

21. Hamilos M, Ribichini F, Ostojic MC, Ferrero V, Orlic D, Vassanelli C, Karanovic N,
Sarno G, Cuisset T, Vardas PE, Wijns W. Coronary vasomotion one year after
drug-eluting stent implantation: comparison of everolimus-eluting and
paclitaxel-eluting coronary stents. J Cardiovasc Transl Res 2014;7:406–412.

22. Duhm B, Maul W, Medenwald H, Patzschke K, Wegner LA. Animal experiments on
pharmacokinetic and biotransformation of radioactively labelled 4-(2′-nitrophenyl)-2,6-

dimethyl-1,4-dihydropyridine-3,5-dicarboxylic acid dimethyl ester. Arzneimittelforschung
1972;22:42–53 (in Germany).

23. Nishimiya K, Matsumoto Y, Shindo T, Hanawa K, Hasebe Y, Tsuburaya R, Shiroto T,
Takahashi J, Ito K, Ishibashi-Ueda H, Yasuda S, Shimokawa H. Association of adven-
titial vasa vasorum and inflammation with coronary hyperconstriction after
drug-eluting stent implantation in pigs in vivo. Circ J 2015;79:1787–1798.

24. Kitakaze M, Asanuma H, Takashima S, Minamino T, Ueda Y, Sakata Y, Asakura M,
Sanada S, Kuzuya T, Hori M. Nifedipine-induced coronary vasodilation in ischemic
hearts is attributable to bradykinin- and NO-dependent mechanisms in dogs. Circu-
lation 2000;101:311–317.

25. Fukuo K, Yang J, Yasuda O, Mogi M, Suhara T, Sato N, Suzuki T, Morimoto S,
Ogihara T. Nifedipine indirectly upregulates superoxide dismutase expression in
endothelial cells via vascular smooth muscle cell-dependent pathways. Circulation
2002;106:356–361.

26. Eto Y, Shimokawa H, Fukumoto Y, Matsumoto Y, Morishige K, Kunihiro I,
Kandabashi T, Takeshita A. Combination therapy with cerivastatin and nifedipine
improves endothelial dysfunction after balloon injury in porcine coronary arteries.
J Cardiovasc Pharmacol 2005;46:1–6.

27. Tsujita K, Sakamoto K, Kojima S, Kojima S, Takaoka N, Nagayoshi Y, Sakamoto T,
Tayama S, Kaikita K, Hokimoto S, Sumida H, Sugiyama S, Nakamura S, Ogawa H.
Coronary plaque component in patients with vasospastic angina: a virtual histology
intravascular ultrasound study. Int J Cardiol 2013;168:2411–2415.

28. Park DW, Yun SC, Lee JY, Kim WJ, Kang SJ, Lee SW, Kim YH, Lee CW, Kim JJ,
Park SW, Park SJ. C-reactive protein and the risk of stent thrombosis and cardio-
vascular events after drug-eluting stent implantation. Circulation 2009;120:
1987–1995.

29. von Mering GO, Arant CB, Wessel TR, McGorray SP, Bairey Merz CN, Sharaf BL,
Smith KM, Olson MB, Johnson BD, Sopko G, Handberg E, Pepine CJ, Kerensky RA,
National Heart, Lung, and Blood Institute. Abnormal coronary vasomotion as a
prognostic indicator of cardiovascular events in women: results from the National
Heart, Lung, and Blood Institute-Sponsored Women’s Ischemia Syndrome Evalu-
ation (WISE). Circulation 2004;109:722–725.
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