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Objective: Fractional flow reserve (FFR) is an innovative method for evaluating the
physiological significance of a coronary stenosis, but its validity is less certain in patients with
non-ST-segment elevation myocardial infarction (NSTEMI). It is important to assess whether
FFR is effective and safe in patients, especially elderly Chinese patients, with NSTEMI. As the
first one in China, the purpose of this study was to establish the efficacy and safety outcomes
of FFR in guiding clinical therapy of NSTEMI compared with angiography alone in elderly
Chinese patients.
Patients and methods: This prospective randomized controlled study included 220 patients
with NSTEMI older than 65 years. Patients were assigned in a ratio of 1:1 to the FFR-guided
group and the angiography-guided group, and their outcomes were evaluated after 1 year of
follow-up.
Results: The mean age of the patients was 70±3.6 years, and 69.6% were men. Baseline
characteristics of the patients had no differences between the two groups (P.0.05 for all).
No differences in adverse events, including major adverse cardiovascular event, major adverse
cardiovascular and cerebrovascular event, cardiovascular death, nonfatal myocardial infarction,
heart failure, stroke, transient ischemic attack, all-cause mortality, contrast nephropathy, and
major bleeding, was observed between the two groups during the follow-up (P.0.05 for all).
The number of patients receiving medical therapy alone in the FFR-guided group was significantly more than that in the angiography-guided group (P,0.05).
Conclusion: Compared with angiography-guided standard therapy, FFR reduced the application
of percutaneous coronary intervention and obtained similar outcomes, demonstrating that FFR
was effective and safe in guiding clinical therapy of NSTEMI in elderly Chinese patients.
Keywords: elderly Chinese patients, fractional flow reserve, non-ST-segment elevation
myocardial infarction
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Coronary artery disease (CAD) is a leading cause of morbidity and mortality
worldwide.1,2 Angiography is the current standard method applied for clinical therapy
of CAD. However, visual assessment of the anatomical severity of a coronary stenosis
is subjective and correlates poorly with physiological significance, potentially
resulting in inappropriate therapy strategy.3 Fractional flow reserve (FFR) is an innovative method for evaluating the physiological significance of a coronary stenosis and
is defined as the ratio of maximal blood flow in a stenotic artery to normal maximal
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flow in the absence of a stenosis. International guidelines
have recognized the value of FFR in guiding clinical therapy
in patients with stable CAD.4,5 However, the validity of
FFR is less certain in patients with non-ST-segment elevation myocardial infarction (NSTEMI), and it is an essential
issue to assess whether FFR is effective and safe in these
patients.6 Age and ethnicity-related changes in cardiovascular structure and function have an inevitable effect on FFR,
and the role of FFR in clinical therapy of elderly Chinese
patients with NSTEMI has not been explored. As the first
one in China, the purpose of this study was to establish the
efficacy and safety outcomes of FFR in guiding clinical
therapy of NSTEMI compared with angiography alone in
elderly Chinese patients.

Patients and methods
Participants
This prospective randomized controlled study included
220 patients with NSTEMI older than 65 years of age
and was performed in the Department of Cardiology from
September 2013 to June 2016. NSTEMI was diagnosed
based on acute ischemic symptoms and abnormal myocardial
markers but without ST-segment elevation on the electrocardiogram. Exclusion criteria were as follows: 1) ongoing
ischemic symptoms after medical therapy; 2) cardiogenic
shock or hemodynamic instability; 3) intolerance to antiplatelet drugs; 4) ineligibility for percutaneous coronary intervention (PCI); 5) CAD ,30% severity; 6) highly tortuous or
calcified coronary arteries; 7) noncoronary cardiosurgery;
and 8) life expectancy ,1 year. This study was approved by
the ethics committee of Chinese People’s Liberation Army
General Hospital and conducted in line with the Declaration
of Helsinki. All patients enrolled in this study provided their
written informed consent.

Processes
In the clinical medical and invasive therapy, evidence-based
guidelines were followed.7–9 Angiography was performed
using standard catheterization room equipment and evaluated visually by an experienced clinician who determined
the therapy strategy based on the coronary stenosis severity
(stenosis # or .70% of reference vessel diameter [50%
for left main]). Patients were assigned in a ratio of 1:1 to
the FFR-guided group and the angiography-guided group
using random digits in a randomized block design. After
coronary dilation caused by intravenous infusion of adenosine (140 µg/kg/min), patients in the FFR-guided group had
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FFR measured using a pressure-sensitive coronary guidewire
(St Jude Medical, Inc., St Paul, MN, USA). A cutoff point
of 0.80 was the standard selecting PCI (#0.80) or medical
therapy alone (.0.80).

Outcomes
The following outcomes were evaluated after 1 year of
follow-up: 1) adverse events, including major adverse
cardiovascular event defined as cardiovascular death, nonfatal myocardial infarction, or unplanned hospitalization
for heart failure, major adverse cardiovascular and cerebrovascular event defined as cardiovascular death, nonfatal
myocardial infarction, unplanned hospitalization for stroke,
or transient ischemic attack, all-cause mortality, contrast
nephropathy, and major bleeding, and 2) therapy strategies
(PCI or medical therapy alone).

Statistics
Continuous data were presented as mean (standard deviation)
or median (interquartile range), and categorical data were
presented as number (percentage). Continuous variables
between the two groups were compared using Student’s t-test
or Mann–Whitney U test, and categorical variables between
the two groups were compared using Chi-square test. All
analyses were two tailed at the 5% significance level using
Statistical Package for the Social Sciences Version 17.0
software (SPSS Inc., Chicago, IL, USA).

Results
The mean age of all patients were 70±3.6 years, and 69.6%
were men. As shown in Table 1, baseline characteristics of
patients had no differences between the two groups (P.0.05
for all). As shown in Table 2, no differences in adverse
events including major adverse cardiovascular event, major
adverse cardiovascular and cerebrovascular event, cardiovascular death, nonfatal myocardial infarction, heart failure,
stroke, transient ischemic attack, all-cause mortality, contrast
nephropathy, and major bleeding were observed between the
two groups during the follow-up (P.0.05 for all). Based on
angiography alone, there were nine patients receiving medical therapy alone in the FFR-guided group and no difference
with patients in the angiography-guided group (P.0.05).
Based on FFR, the other six patients (5.5%) received medical
therapy alone in the FFR-guided group. Patients receiving
medical therapy alone in the FFR-guided group (15 patients)
were significantly more than those in the angiography-guided
group (six patients; P,0.05).
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Table 1 Baseline characteristics of patients in clinical therapy
guided by FFR or angiography alone
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Characteristics

FFR-guided Angiography- P-value
group
guided group
(n=110)
(n=110)

Age, years, mean ± SD
70±3.7
Men, n (%)
75 (68.2)
Smoking, n (%)
Current
29 (26.4)
Former
41 (37.3)
Never
40 (36.4)
Previous MI, n (%)
24 (21.8)
Heart failure, n (%)
2 (1.8)
Hypertension, n (%)
81 (73.6)
Diabetes mellitus, n (%)
40 (36.4)
Hyperlipidemia, n (%)
90 (81.8)
Peak troponin levels, n (%)
.×5 upper limit of normal 87 (79.1)
.×10 upper limit of normal 69 (62.7)
Procedural characteristics, n (%)
Radial artery access
95 (86.4)
Aspirin
110 (100.0)
Clopidogrel
89 (80.9)
Ticagrelor
21 (19.1)
Statin
103 (93.6)
Beta-blocker
74 (67.3)
CCB
45 (40.9)
Nitrates
98 (89.1)
LMWH
101 (91.8)

70±3.4
78 (70.9)

0.267
0.660
0.908

31 (28.2)
38 (34.5)
41 (37.3)
23 (20.9)
1 (0.9)
83 (75.5)
36 (32.7)
93 (84.5)

0.869
1.000
0.757
0.571
0.589

82 (74.6)
64 (58.2)

0.424
0.491

98 (89.1)
110 (100.0)
86 (78.2)
24 (21.8)
105 (95.5)
73 (66.4)
49 (44.6)
96 (87.3)
102 (92.7)

0.538
0.616
0.616
0.553
0.886
0.586
0.676
0.801

Abbreviations: CCB, calcium channel blocker; FFR, fractional flow reserve;
LMWH, low molecular weight heparin; MI, myocardial infarction; SD, standard
deviation.

Table 2 Outcomes of patients in clinical therapy guided by FFR
or angiography alone
Outcomes

Adverse events
MACE
MACCE
Cardiovascular death
Nonfatal MI
Heart failure
Stroke
TIA
All-cause mortality
Contrast nephropathy
Major bleeding
Therapy strategies
Medical therapy
PCI

FFR-guided Angiography-guided P-value
group
group
(n=110)
(n=110)
9 (8.2)
10 (9.1)
4 (3.6)
5 (4.5)
4 (3.6)
0 (0)
1 (0.9)
9 (8.2)
0 (0)
2 (1.8)

11 (10.0)
13 (11.8)
5 (4.5)
7 (6.4)
5 (4.5)
1 (0.9)
1 (0.9)
11 (10.0)
2 (1.8)
3 (2.7)

15 (13.6)
95 (86.4)

6 (5.5)
104 (94.5)

0.639
0.509
0.734
0.553
0.734
1.000
1.000
0.639
0.477
1.000
0.039

Notes: Data presented as n (%). MACE is defined as cardiovascular death, nonfatal
MI, or unplanned hospitalization for heart failure; MACCE is defined as cardiovascular
death, nonfatal MI, unplanned hospitalization for stroke, or TIA.
Abbreviations: FFR, fractional flow reserve; MACE, major adverse cardiac event;
MACCE, major adverse cardiac and cerebral event; MI, myocardial infarction;
PCI, percutaneous coronary intervention; TIA, transient ischemic attack.
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Discussion
The current standard method applied for clinical therapy of
NSTEMI is angiography with visual interpretation of anatomical severity of a coronary stenosis. FFR is an innovative
method evaluating the physiological significance of a coronary
artery stenosis and is able to determine the therapy strategies.
FFR is gradually applied in patients with stable CAD due to
the approval of international guidelines. However, in patients,
especially elderly Chinese patients, with NSTEMI, FFRguided therapy is not the standard method, mainly because
of lacking evidence. This study showed that FFR-guided
therapy reduced the application of PCI and obtained similar
outcomes compared with angiography alone, demonstrating
that FFR was effective and safe in guiding clinical therapy
of NSTEMI in elderly Chinese patients.
FFR had important implications in advancing clinical
therapy of stable CAD.10 Studies such as DEFER and FAME
have confirmed the benefits of FFR in stable CAD to more
precisely guide the clinical therapy.11,12 The validity of FFR
is less clear in patients with acute coronary syndrome (ACS)
due to the likelihood that coronary response to vasodilators
may be decreased due to coronary obstruction. Coronary
lesion of patients with ST-segment elevation myocardial
infarction may limit the dilatation of coronary and the
validity of FFR.13 However, FFR may be valuable in patients
with NSTEMI because its lesion is typically nonocclusive
thrombotic plaque rupture and subendocardial infarction with
transient coronary dysfunction and preserved blood flow.14
Coronary reserve has been found to be similar in patients with
stable angina and NSTEMI, which is consistent with preserved dilation ability in patients with stable ACS.14 A post
hoc analysis of patients with stable ACS in the FAME study
has suggested the validity of FFR.15 The FAMOUS-NSTEMI
study has reported on the efficacy and safety of FFR-guided
therapy in patients with NSTEMI.16
Uncertainty for FFR application was specifically
addressed in elderly Chinese patients and similarly caused
by lacking evidence. In a post hoc analysis of patients in the
FAME study, Lim et al17 have highlighted that FFR-guided
therapy was similarly beneficial irrespective of age. Results
of this study also illustrated that FFR was feasible because it
not only determined the decreased application of PCI but was
also not associated with worse outcomes in elderly Chinese
patients with NSTEMI.
This study had several limitations. The sample size is
relatively small, and the follow-up duration is relatively
short in this study, so it is necessary to conduct large-scale
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studies with long follow-up periods to confirm the results
obtained from this study.
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Conclusion
This study confirmed that, compared with angiographyguided standard therapy, FFR reduced the application of PCI
and obtained similar outcomes, demonstrating that FFR was
effective and safe in guiding clinical therapy of NSTEMI in
elderly Chinese patients.
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