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Objective: Maximal hyperemia is a key element of invasive physiological
examination. The aim of this study was to investigate the efficacy and safety
of intracoronary (IC) nicorandil in comparison with adenosine 5'-triphosphate
(ATP) intravenous (i.v.) injection for fractional flow reserve (FFR) measurement
in coronary artery lesions.

Materials and methods: In this study, 46 patients who had their FFR measured
were enrolled, including 51 lesions. Hyperemia was induced by bolus 2 mg
nicorandil and ATP (40 mg ATP + 36 ml saline, weight x 10 ml/h) for FFR
measurement. The safety and efficacy of IC nicorandil were evaluated.

Results: The mean FFR values measured by nicorandil and ATP were
0.810 £ 0.013 and 0.799 + 0.099, p < 0.001, respectively. There was a
strong correlation between FFR measured by nicorandil and ATP (r = 0.983,
R? = 0.966, FFRpicorandil = 0.937 x FFRatp + 0.061). The rate of FFR < 0.75 in
the nicorandil and ATP groups was 31.37 vs. 35.29%, respectively (p = 0.841),
the consistency rate was 96.08%; the FFR < 0.8 rate was 41.18 and 43.14%,
respectively (p = 0.674), and the consistency rate was 90.20%. In five
lesions, the FFR value measured by nicorandil ranged between 0.79 and 0.82,
indicating inconsistency according to FFR < 0.8. The blood pressure changes
caused by nicorandil and ATP were 12.96 4+ 6.83 and 22.22 + 1144 mmHg
(p < 0.001); the heart rate changes were 243 + 1.31 and 6.52 + 2.87 beats/min,
respectively (o < 0.001); and the PR interval changes were 6.0 (1.0-11.0) and
9.0 (2.0-19.0) ms, respectively (p < 0.001). Visual analog scale (VAS) scores in
the nicorandil group were all in the range 0-2, while in the ATP group were
mostly in the range of 3-5.

Conclusion: Intracoronary bolus of nicorandil (2 mg) infusion induces stable
hyperemia, and it could be considered as an alternative drug to ATP for FFR
measurement with a lower side effect profile in most patients.
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Introduction

Coronary angiography has limitations in evaluating
functional ischemia in coronary artery stenosis. In cardiac
catheterization, fractional flow reserve (FFR) has been proven
to be a reliable method for assessing the severity of coronary
stenosis. Several clinical studies have shown that invasive
coronary physiology examinations could improve patient
outcomes and provide a more appropriate selection of patients
who may benefit from percutaneous coronary interventions
(PCI) (1-4). This has led to the recommendation of FFR in
coronary artery revascularization guidelines (5-8). Maximal
hyperemia is the crucial prerequisite to assess FFR correctly,
and intravenous (i.v.) administration of adenosine or adenosine
5'-triphosphate (ATP) is still considered the gold standard.

Despite compelling evidence and recommendations from
guidelines, the use of FFR is not frequent in the real world.
In addition to its cost, some patients present contraindications
to adenosine or ATP infusion. When an FFR examination
is performed after adenosine or ATP infusion, more than
85% of patients experience discomfort, such as chest pain or
dyspnea. In a few patients, adenosine or ATP infusion will
cause severe side effects, such as atrioventricular block (AVB)
or ventricular tachycardia, which may require the interruption
of FFR assessment (9, 10).

In addition, some food and drink intake may affect the
FFR value and the stability of ATP or adenosine. Recent studies
mentioned that the consumption of caffeine, which is commonly
consumed in 48 h before coronary angiography, may cause
clinical data to be unbelievable (11).

Therefore, a more convenient and safer hyperemic agent
may facilitate the use of FFR measurement in the cardiac
catheterization laboratory.

Nicorandil (Sigmartw, Chugai Pharmaceutical, Japan), a
coronary vasodilator that acts on both macro- and micro-
vascular circulations, has been reported to be safe and cardio-
protective when administered intracoronary (IC) in patients
with coronary artery disease (CAD) (12). Some small studies
showed that an IC bolus injection of nicorandil 2 mg is a
simple, safe, and effective way to induce steady-state hyperemia
for invasive physiological evaluations in patients undergoing
angiography catheterization laboratory (13).

We performed this study to evaluate the feasibility and
efficacy of IC nicorandil (Beijing SihuanKeBao Pharmaceutical

Abbreviations: ASA,  aspirin; ATP,  adenosine  5'-triphosphate;
AVB, atrioventricular block; CAD, coronary artery disease;
CCBs, calcium-channel blockers; EQ, equalize; FFR, fractional
flow reserve; IC, intracoronary; iFR, instantaneous wave-free ratio;
i.v., intravenous; LAD, left anterior descending artery; LCX, left
circumflex; LM, left main; LVEF left ventricular ejection fraction;

PCI, percutaneous coronary intervention; QCA, quantitative coronary
angiography; RAAS, renin-angiotensin-aldosterone system; RCA, right
coronary artery; VAS, visual analog scale.
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Co. Ltd, China) compared with iv. ATP infusion for FFR
measurement in Chinese patients.

Materials and methods

Study population

Patients with angiographic epicardial coronary artery
stenosis (50-90%) who agreed to have an FFR test were
enrolled prospectively. Patients with acute myocardial infarction
(within 7 days), regional wall motion abnormalities, reduced left
ventricular systolic function [left ventricular ejection fraction
(LVEF) < 40%], primary valvular or myocardial disease, severe
liver insufficiency or renal dysfunction [estimated glomerular
filtration rate (eGFR) < 30 ml/min], history of asthma/chronic
obstructive pulmonary disease, and contraindication to ATP
or nicorandil were excluded in this study. The angiographic
exclusion criteria were left main (LM) lesion, right coronary
artery (RCA) ostial lesion, and very distal lesion, which the
pressure wire sensor could not cross. Patient’s clinical data,
such as age, gender, diagnosis, CAD risk factors, LVEF, and
medication utility histories were collected. The study protocol
was approved by the institutional ethics committee board. All
patients were properly informed prior to the procedure and gave
their written consent to participate in the study. All patients
must abandon caffeine 48 h after signing the consent willingly.

Pressure measurements

All procedures were performed through the right radial
artery using 6F guiding catheters without side holes. The
guiding catheter and pressure-sensing guidewire are zero,
respectively. After i.v. administration of heparin 100 IU/kg and
IC nitroglycerin 200 mcg, a 0.014-inch pressure monitoring
guidewire (St Jude Medical, Minneapolis, MN, USA) was
calibrated and introduced into the guiding catheter. The
pressure transducer was advanced just outside the tip of a 6 Fr
guiding catheter, and the pressure measured by the sensor was
then equalized (EQ) to that of the guiding catheter. If the EQ
value is between 1 and %9, the wire was then advanced distally to
the target coronary stenosis. If the EQ value is not in the range of
1 to 9, then pull back the wire and zero again till the EQ value is
reasonable. Special attention was paid to avoid arterial pressure
wave damping, unselective catheterization of the coronary ostia,
and variation in the position of the pressure wire. FFR was
calculated as the ratio of distal coronary pressure divided by
aortic pressure obtained after the achievement of maximal
hyperemia (14). The brachial vein was used for the systemic
administration of ATP. An FFR value of <0.80 was considered
the significant ischemic threshold. After measurement of the
FFR value, pull back the pressure wire to just outside the tip of
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the guiding catheter. If the difference between catheter pressure
and wire pressure is less than £5 mmHg, then the FFR value
was acceptable, otherwise, the FFR value should be measured
repeatedly following the above steps. The time to the lowest FFR
(time needed to reach >90% of the minimal value of Pd/Pa) was
measured in both groups, and the plateau time (the time during
FFR remained at >90% of its lowest value) was measured during
the IC bolus of nicorandil.

After that, the wire was introduced distal to the stenosis and
the baseline Pd/Pa was calculated (Pd: mean coronary pressure
distal to coronary lesion and Pa: mean aortic pressure). After
baseline Pd/Pa was recorded, the hyperemic efficacy of the
following two successive methods was used: continuous i.v. ATP
(40 mg ATP + 40 ml saline, weight kg x 10 ml/h, equate to
167 mcg/kg/min) and an IC bolus injection of nicorandil (2 mg).
A continuous i.v. infusion of ATP was performed via a large
forearm vein. To exclude the possible influence of the sequence
of pharmacological agents, the i.v. infusion of ATP was followed
by a nicorandil IC bolus in the first half of the patients, and vice
versa in the second half. Each hyperemic stimulus was given
after confirming that the Pa, Pd, and heart rate had recovered
to their baseline values.

The visual analog scale (VAS) pain score was assessed during
an iv. infusion of ATP and an IC bolus of nicorandil (15).
Using a 10 cm-length scale, measure the VAS score, 0 means no
discomfort and 10 means the most severe and unbearable pain.
Each patient selected one score after i.v. ATP and IC nicorandil,
respectively. A 12-lead ECG was performed at baseline, during
the FFR measurement. The PR interval was measured in Lead II
by an independent cardiologist in a blinded fashion.

Quantitative coronary angiography

The quantitative coronary angiography (QCA) was
performed by an independent analyzer blinded to the results of
the FFR. All images were obtained using a 6F guiding catheter
after IC nitroglycerin 200 mcg. Each target lesion had at least
two orthogonal views. The external diameter of the contrast-
filled guide catheter was used as a calibration standard. Using
an edge detection system (SiChuang QCA system, China),
the minimal lumen diameter and the reference diameter were
measured and the percentage diameter stenosis was calculated.
The reference diameter was defined as the average value of the
proximal and distal reference diameters.

Statistical analysis

All statistical analyses were performed using STATA 11.
Discrete variables were expressed as a frequency and a
percentage and analyzed by Fisher’s exact test. Continuous
variables were expressed as the mean standard deviation or
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median and interquartile range (IQR) (25-75th) and analyzed
by the paired t-test or the non-parametric Wilcoxon test, as
appropriate. Using the SK-test method to determine whether
sample data are normally distributed or not. The relationship
between the two groups was quantified with a coefficient of
determination (r and r?) and regression analysis. A p-value of
0.05 (two-sided) was considered statistically significant.

Results

Patients’ clinical and angiographic
characteristics

Between December 2020 and February 2021, 49 patients
were screened. In total, 3 patients failed to enroll for the
following reasons: incomplete pressure recording in one patient
for severe atrioventricular block (AVB); guiding catheter
pressure instability in one patient; and pressure drift in one
patient. FFR comparisons were finally available in 46 patients
with 51 lesions. The clinical and angiographic characteristics
of study subjects are summarized in Table 1. The average

TABLE 1 Patients’ clinical and angiographic characteristics.

Variables Values
Age (years) 60.80 + 8.83
Male [n (%)] 21 (45.65)
Hypertension [n (%)] 36 (78.26)
Hypercholesterolemia [# (%)] 8(17.39)
Diabetes 1 (%)] 18 (39.13)
Current smoker [# (%)] 10 (21.74)
Family history of CAD [n (%)] 5(10.87)
Stable angina [# (%)] 15 (32.61)
Acute coronary syndrome Unstable angina [n (%)] 25 (54.34)
NSTEMI [ (%)] 4(8.70)
STEMI (>7 days) [1 (%)] 2 (4.35)
LVEF [n (%)] 61.89 £ 3.85
Prior MI (1 (%)] 3(6.52)
Previous PCI [n (%)] 5(10.87)
Medication [1 (%)] ASA 46 (100)
Clopidogrel 46 (100)
RAAS antagonist 26 (56.52)
$3-Blockers 25 (54.35)
CCBs 17 (36.96)
Statins 41 (89.13)
Target vessel [ (%)] LAD 43 (84.31)
LCX 3 (5.88)
RCA 5 (9.80)
Minimal lumen diameter (mm) 1.5 (1.2-2.0)
Reference vessel diameter (mm) 3.0 (2.6-3.3)
Percent diameter stenosis (%) 65.60 + 10.03

Values are medians [interquartile range (IQR), 25th-75th] or 1 (%).
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age was 60.80 £ 8.83 years old. The majority of patients had
been diagnosed with unstable angina, and 10.87% of patients
had a previous PCI. The most target vessels were the left
anterior descending artery (LAD) (84.31%), and the average
angiographic percentage stenosis was 65.60 & 10.03%.

Hemodynamic and electrocardiogram
changes

The effects of two different hyperemia methods on blood
pressure, heart rate, and heart conduction are shown in Table 2.
An IC bolus of nicorandil produced fewer changes in the mean
blood pressure, heart rate, and PR interval than an infusion
of ATP (all p-values < 0.001). Transient AVB occurred in 2
(4.34%) patients with an infusion of ATP, and none with an IC
bolus of nicorandil. Patients complained of more chest pain with
ATP infusion than with nicorandil IC bolus (p < 0.001). VSA
scores in the nicorandil group were 0-2, while in the ATP group,
89.13% of VSA scores were 3-5, and 4.34% were 6-8. About
97.5% of patients complained of chest discomfort.

Hyperemic efficacy

According to baseline Pd/Pa values, ATP, and nicorandil,
all caused significant hyperemia and lowered hyperemic Pd/Pa
values. FFR values with nicorandil 2 mg IC were commonly
higher than those with ATP infusion (0.810 £ 0.013 vs.
0.799 %+ 0.099, p < 0.001; Table 3). While a strong and linear
correlation was observed between FFR with an IC bolus of
2 mg nicorandil and an infusion of ATP (r = 0.983, R? = 0.966,
p < 0.001; Figure 1). The time to the lowest FFR was shorter
with an IC bolus of nicorandil 2 mg than with an infusion of
ATP (13.24 +4.17 vs. 45.75 £ 5.25 5, p < 0.001), and the plateau
time of an IC bolus of nicorandil was 25.4 s (15.6-32.8 s).

TABLE 2 Hemodynamic changes and visual analog scale (VSA) pain
score according to hyperemic agents.

Nicorandil ATP P-value*

bolus infusion
n=>51
A Mean blood 12.96 + 6.83 2222+ 11.44 <0.001
pressure (mmHg)
A Heart rate (/min) 2.43 £ 1.31 6.52 £ 2.87 <0.001
APR interval (ms) 6.0 (1.0-11.0) 9.0 (2.0-19.0) <0.001
n=46
VAS pain score <0.001
0-2 46 (100) 3(6.52)
3-5 0 41 (89.13)
6-8 0 2(4.35)
9-10 0 0

*Between nicorandil bolus and adenosine 5'-triphosphate (ATP) infusion.
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TABLE 3 Hyperemic efficacy and the number of functionally
significant lesions according to two different hyperemia methods.

Nicorandil ATP P-value*
bolus infusion

FFR 0.810 £+ 0.013 0.799 + 0.099 <0.001
Time to the 13.24 £4.17 4575 £ 5.25 <0.001
lowest FFR (s)
Plateau time (s) 25.4 (15.6-32.8) - -
FFR < 0.75 (n) 16 (31.37) 18 (35.29) 0.674
FFR < 0.80 (1) 21 (41.18) 22 (43.14) 0.841

*Between nicorandil bolus and ATP infusion.

Functionally significant stenosis (FFR < 0.75) was seen in
16 (31.37%) patients with an IC bolus of nicorandil 2 mg and
18 (35.29%) patients with an infusion of ATP. The patients
with FFR < 0.80 were 21 (41.18%) patients with an IC
bolus of nicorandil 2 mg and 22 (43.14%) patients with an
infusion of ATP.

The agreement rate of FFR < 0.75 for an IC bolus of 2 mg
nicorandil and an infusion of ATP was 96.08%; the agreement
rate of FFR < 0.8 was 90.20%, and there was a discrepancy in
which the FFR value with nicorandil was between 0.79 and 0.82
in five lesions.

Discussion

Fractional flow reserve is the most accurate method for
discriminating which lesions are associated with ischemia in the
catheterization laboratory, and current guidelines recommend
its use when evidence of ischemia at non-invasive stress tests is
not available (5-8). Nevertheless, the FFR is still underused in
clinical practice. This is due to some practical reasons, such as
the lack of understanding or belief in the FFR concept, the need
to position a special wire with inferior handling characteristics,
the need to make special connections, the lack of financial
reimbursement, and the worry side effects of adenosine or
ATP administration.

To avoid the disadvantage of adenosine or ATP, some
studies have suggested the method without adenosine. In
particular, Davies et al. proposed the instantaneous wave-
free ratio (iFR) as a novel adenosine-free index of stenosis
severity in the ADVISE study (16). The iFR is calculated by the
ratio of the distal coronary artery pressure (Pd) to the aortic
pressure in the diastolic period. The basic hypothesis of this
technique is that there is a diastolic “wave-free” period when
microvascular resistance is already constant and minimal and
consequently does not need further vasodilation. However, the
usefulness of this new tool is still debated and indeed presents
several limitations. With or without hyperemia medication,
microvascular resistance difference may exist, and iFR may
underestimate the stenosis severity. This could explain, at
least partially, the imperfect correlation between iFR and FFR
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The correlation of fractional flow reserve (FFR) between an intracoronary nicorandil bolus (2 mg) and an intravenous infusion of adenosine

5'-triphosphate (ATP) (167 mcg/kg/min).

observed in the ADVISE study. Therefore, a certain degree of
hyperemia has to be provided to identify functionally significant
stenosis correctly.

In China, it is difficult to acquire adenosine in clinics
because it is not domestic and imported products are also
very scarce. The price of ATP is cheaper than adenosine. Most
cardiologists only use ATP as a hyperemia medication instead
of adenosine, with the same effectiveness and side effects. The
drawbacks of ATP also include chest pain, dyspnea, and sinus
bradycardia up to AVB, which may require interruption of
FFR measurement. A more convenient and safer hyperemic
agent may facilitate the use of FFR measurement in the cardiac
catheterization laboratory.

Nicorandil possesses a nitrate moiety and also can open
ATP-sensitive potassium channels, thereby causing dilation of
both macro- and micro-vascular coronary systems, and has
been reported to be safe and have cardio-protective effects
via intracoronary administration (12, 17-20). Some studies
showed that the hyperemic efficacy of an IC bolus injection
of nicorandil 2 mg was comparable with that of a continuous
infusion of adenosine for FFR measurements (13, 21). While so
far, there were no similar reports in Chinese patients, nor have
there been any reports of native nicorandil used as hyperemia
medication in FFR measurement, and also no reports of IC
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nicorandil compared with ATP. All these were the objectives
of this research.

In other studies, there was no difference between hyperemic
efficacies with nicorandil and adenosine, while in this study,
FFR values with nicorandil 2 mg IC were commonly a little
bit higher than those with ATP infusion (p < 0.001). Maybe it
is partially because of a little bit higher dose of ATP infusion
in this study. Adenosine or ATP is usually administered at
140 mcg/kg/min, and will be increased to 180 mcg/kg/min in
some cases to obtain a more satisfying hyperemia effect. In this
study, the ATP was given at a dose of 167 mcg/kg/min, the same
dose as our routine clinical practice, 4 mg ATP dissolved in
saline to make 40 ml ATP saline liquid, and was given at weight
(kg) x 10 ml/h. This method saves the trouble of calculating the
infusion speed (ml/h) according to different weights to obtain
the 140-180 mcg/kg/min dose.

It is known that the use of ATP has the potential to induce
transient AVB regardless of IV or IC administration. IV ATP
infusion caused more prolongation of the PR interval than IC
NIC administration (22). In this study, we found that transient
AVB occurred in 2 (4.34%) patients with an infusion of ATP,
and none with an IC bolus of nicorandil. This result was
coherent with other recent studies. Takashima and Lim also
concluded the incidence of AV block after ATP was significantly
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higher than nicorandil (p < 0.001). Additionally, Takashima
noted significant (p < 0.001) fluctuations in FFR after ATP
administration. This phenomenon may be explained by the
different pharmacological mechanisms of nicorandil and ATP.
A larger sample and multi-center studies are looking forward to
perform and discover the principle.

In this study, a strong and linear correlation was
them with of ATP
and an IC bolus of nicorandil 2 mg (r = 0.983,
FFRicorandil = 0.937 x FFRatp + 0.061, R? = 0.966). The two
methods have a similarity of identifying functionally significant

observed between an infusion

stenosis. If functionally significant stenosis was defined as FFR
value < 0.75, the consistency rate for IC nicorandil and infusion
ATP was 96.08%; while if defined as FFR value < 0.8, the
consistency rate was 90.20%. In 5 lesions with the discrepancy,
FFR values with ATP were all between 0.79 and 0.82. Therefore,
the IC bolus of nicorandil can be used for FFR measurement.

In our study, we chose to inject nicorandil with an
intracoronary bolus, which is similar to most of the studies
in this field. More importantly, it is more accurate than an
intravenous bolus of nicorandil in calculating FFR. First, it is
more quickly with an IC bolus of nicorandil than that with an
intravenous bolus and it reduces cyclic change in FFR. Second,
in clinical practice, after bolus nicorandil, some saline is injected
quickly to ensure all 2 mg of medication flow into the coronary
artery. Third, the time to the lowest FFR with an IC bolus was
shorter than with an intravenous bolus. It was published that
IC nicorandil could reduce a cyclic change in FFR. The cyclic
change in FFR was smaller after nicorandil-FFR than after ATP-
FFR. Variation in adenosine concentration and an insufficient
trough level of adenosine in the coronary artery may cause
cyclic hyperemia. Some studies suggest that NIC may solve
this phenomenon (23). Thus, physicians might find it easier to
determine the FFR value during the procedure.

The advantages of the IC bolus of nicorandil as a hyperemia
method in clinical practice include: (1) IC nicorandil bolus
did not cause much discomfort; while nearly all infusions of
ATP caused chest pain or dyspnea; (2) the influence on blood
pressure, heart rate, and cardiac conduction was smaller with IC
nicorandil than with ATP, and could be used in some patients
with contraindications to ATP; (3) An IC bolus injection
method is easy and simple, does not require an additional
procedure for deep vein access; and (4) IC bolus nicorandil also
has evidence of its benefit in patients with the slow flow or
myocardial infarction.

Limitations
First, multicenter studies with a larger population and
with clinical endpoints are required to confirm the promising

findings observed in this study. Second, we did not investigate
the hyperemic efficacy of higher doses (>2 mg) of nicorandil.
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Third, as this was not a blinded study, there could have
been a small amount of subjectivity in the interpretation of
pressure tracings.

Conclusion

This study suggests that an IC bolus injection of nicorandil
is a simple, safe, and effective way to induce a stable
hyperemia state for invasive physiological evaluation in patients
undergoing angiography in a cardiac catheterization laboratory.
The use of this novel agent may encourage interventional
cardiologists to perform FFR measurements in their patients
to optimize interventional procedures. While if FFR with
nicorandil 2 mg lies between 0.79 and 0.82, it is better to
reevaluate with ATP or adenosine.
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