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Background: Coronary angiography (CAG) and fractional flow reserve (FFR) are currently used to 
identify the lesions and guide the treatment of unstable angina (UA) patients. This study aims to compare 
the two methods and investigate factors affecting FFR value. 
Methods: A total of 284 UA patients (296 coronary artery lesions) were enrolled from the Emergency 
Department of Anzhen Hospital Affiliated to Capital Medical University from January 2017 to December 
2017. CAG and FFR determination were performed in all patients, and the roles of these two methods in 
guiding the treatment of UA were compared and analyzed. The subjects were divided into FFR ≤0.8 group 
and FFR >0.8 group. The general data and laboratory findings were compared between these two groups, 
and the possible influential factors were analyzed. The statistical analysis of t-test or chi square test was done 
with SPSS 20.0 software. 
Results: Of 296 UA lesions, 160 (54.1%) had ≥75% angiographic stenosis and 136 (45.9%) had <75% 
angiographic stenosis; 168 (56.8%) had an FFR value of ≤0.8 and 128 (43.2%) had an FFR value >0.8. 
There was no significant difference between these two examination methods (P=0.508, χ2=0.438). Further 
analysis showed that 43 (26.9%) of the 160 lesions with ≥75% stenosis had an FFR value of >0.8 and did 
not require PCI; 49 (38.3%) of the 128 lesions with 50–70% stenosis had an FFR value of ≤0.8 and needed 
PCI; 2 of 8 patients with <50% stenosis had an FFR value of ≤0.8 and needed PCI. If FFR was used as the 
“gold standard” of PCI, the sensitivity, specificity, positive predictive value, and negative predictive value of 
CAG in guiding PCI for UA were 69.6%, 66.4%, 73.1%, and 62.5%, respectively. Multivariate analysis with 
Logistic regression revealed low high-density lipoprotein (HDL) and hypertension were independent risk 
factors of FFR <0.8 in UA patients. 
Conclusions: CAG and FFR readings could be different. A combination of CAG and FFR may help to 
achieve more accurate and tailored treatment of UA. The history of hypertension is an independent risk 
factor for FFR in UA patients, and HDL is an independent protective factor.
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Introduction

Unstable angina (UA) is an acute coronary ischemic 
syndrome between stable angina and acute myocardial 
infarction (AMI) and is one of the common diseases in 
clinical emergencies (1). Its clinical instability mainly 
depends on the instability of the local lesion itself in 
coronary artery. Effective treatment of UA can increase the 
survival rate and improve quality of life. One of the most 
important therapeutic goals is to achieve the immediate 
relief of AMI. For patients with non-ST-segment elevation 
acute coronary syndromes (NSTEACS), the goal of 
revascularization is to treat recurrent myocardial ischemia 
and thus prevent the progression to myocardial infarction 
or sudden death (2). Coronary angiography (CAG), as one 
of the most important means of examination, is used to 
identify the lesions and guide the treatment. Based on the 
extent and characteristics of lesions identified by CAG, 
a decision of revascularization (or not) can be made (1). 
However, more studies have demonstrated that intervention 
in nonfunctional stenosis does not benefit patients (3-5). 
CAG can only evaluate the stenosis degree of coronary 
artery lesions and cannot accurately determine whether 
the stenosis caused myocardial ischemia (6). In recent 
years, more attention has been paid to the determination 
of myocardial fractional flow reserve (FFR), which can 
better determine whether coronary artery stenosis causes 
myocardial ischemia and objectively evaluate whether PCI 
is required for the coronary artery lesions (7). 

In our current study, we explored the investigate the 
differences and relationship between FFR determination 
and CAG in patients with UA, and investigated factors 
affecting FFR value in UA patients.

Methods

Subjects 

A total of 284 UA patients (296 coronary lesions) who 
were admitted to the emergency department of Anzhen 
Hospital Affiliated to Capital Medical University from 
January 2017 to December 2017 were enrolled in this 
study. All these patients underwent both CAG and FFR 
determination. These subjects include 207 males and 77 
females, aged from 36 to 80 years, with the average age of  
59.81±8.96 years. The diagnosis of UA was based on 
the Guidelines for the Diagnosis and Treatment of 
Unstable Angina Pectoris and Non-ST-segment Elevation 

Myocardial Infarction (1) released by the Chinese Society 
of Cardiology in 2007. The exclusion criteria were listed in 
Table 1. All the subjects signed the informed consent forms 
of percutaneous coronary intervention (PCI) and special 
lesions before surgery. This study was approved by Anzhen 
Hospital Ethics Committee (ethic approval number: 
201756X) and all patients have signed informed consent 
forms.

Main methods

Judging the disease condition by using CAG
CAG examination was performed according to standard 
Judkins method through femoral artery or radial artery. 
Coronary artery stenosis was judged by visual assessment by 
using the following formula: diameter of the normal vessel 
in the proximal part of stenotic vessel—diameter of stenotic 
site)/diameter of the proximal part of stenotic vessel ×100%.

FFR determination 
FFR measurements were carried out with RADI Analyzer® 
Xpress monitor (St. Jude Medical) and pressure guidewire. 
Zero calibration was carried out three times (i.e., zero 
calibration of catheter chamber pressure channel, 
aortic pressure, and pressure guidewire) in vitro before 
measurements, followed by balancing aortic pressure and 
pressure guidewire pressure to ensure that both pressures in 
the body were at the same baseline level. Then, the pressure 
guidewire was delivered to the distal part of the lesion to be 
measured as far as possible, and 200–300 μg of nitroglycerin 
was injected into the coronary artery to avoid the impact 
of arterial spasm on the measurement results. Adenosine 
triphosphate (ATP) [140–180 μg/(kg·min)] was injected via 
the median cubital vein to achieve maximum hyperemia. 
The distal coronary artery pressure (Pd) and aortic pressure 
(Pa) were measured by pressure guidewire and coronary 
artery guiding catheter, respectively. FFR values were 
calculated according to the formula FFR = Pd/Pa.

Comparison between CAG and FFR determination 
CAG and FFR determination were performed in all 
patients, and the roles of these two methods in guiding 
the treatment of UA were compared and analyzed. CAG: 
PCI was required if CAG revealed ≥50% stenosis of the 
left main coronary artery or ≥75% stenosis of other vessels 
or if FFR was ≤0.8. If angiography and FFR showed 
contradicting results, we take FFR as PCI indication.
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Main measures
The clinical data of all enrolled patients and routine blood 
test items before and after admission including general data 
(sex and age), risk factors of coronary heart disease (history 
of hypertension, smGoking, diabetes, hyperlipidemia, 
previous myocardial infarction, and previous PCI), blood 
lipids [triglyceride (TG), total cholesterol (TC), high-
density lipoprotein (HDL), low-density lipoprotein (LDL)], 
glycosylated hemoglobin, C-reactive protein (CRP), 
lesion site, degree of vascular stenosis, and FFR value were 
recorded. With the FFR value of 0.8 as the cutoff value, the 
patients were divided into two groups: FFR ≤0.8 group and 
FFR >0.8 group. The general data and laboratory findings 
were compared between these two groups, and the possible 
predictive factors were analyzed.

Statistical analysis

The statistical analysis was completed in SPSS 20.0 
software. The continuous data are expressed as mean 
± standard deviation, and inter-group differences were 
compared by using the t-test. The count data are expressed 
as proportions or percentages and compared using chi 
square test. The influential factors were analyzed by 
using Logistic regression analysis. A P value of <0.05 was 
considered statistically significant.

Results

Comparison between CAG and FFR determination

Of the 284 patients enrolled in the study, all received CAG 
and FFR determination. Detailed patient characteristics (age, 
sex, patient’s history, Coronary arteries) were listed in Table 2.  
Of 296 UA lesions, 160 (54.1%) had ≥75% stenosis and 
136 (45.9%) had <75% stenosis; 168 (56.8%) had an FFR 
value ≤0.8 and 128 (43.2%) had an FFR value >0.8. There 
was no significant difference between these two examination 
methods (P=0.508, χ2=0.438). Further analysis showed that 
43 (26.9%) of the 160 lesions with angiographic stenosis of 
≥75% had an FFR value of >0.8 and did not require PCI; 
49 (38.3%) of the 128 lesions with angiographic stenosis of 
50–70% had an FFR value of ≤0.8 and needed PCI; 2 of 8 
patients with <50% stenosis had an FFR value of ≤0.8 and 
needed PCI (Table 3). If FFR was used as the “gold standard” 
of PCI, the sensitivity, specificity, positive predictive value, 
and negative predictive value of CAG in guiding PCI for UA 
were 69.6%, 66.4%, 73.1%, and 62.5% respectively. 

Comparison of CAG results and FFR for different diseased 
vessels 

CAG showed 296 lesions had different degrees of stenosis 

Table 1 Enrollment and exclusion criteria

Enrollment criteria

UA patients admitted to the Emergency Department of Anzhen 
Hospital

From January 2017 to December 2017

Aged from 18 to 80 years

Underwent both coronary angiography and FFR determination

Exclusion criteria

Acute myocardial infarction

Cardiomyopathy

Severe cardiac insufficiency (LVEF <30%)

Had received coronary artery bypass grafting

Grade II or higher atrioventricular block and sinus node disease 
(except for patients with an artificial cardiac pacemaker)

Potential bronchial stenosis or spasm

History of allergy to adenosine

FFR, fractional flow reserve; LVEF, left ventricular ejection fraction. 

Table 2 Baseline characteristics

Characteristic Subjects (n=284), n (%)

Age, years 59.81±8.96

Gender

Male 207 (72.9)

Female 77 (27.1)

Previous myocardial infarction 23 (8.1)

Previous PCI 60 (21.1)

Diabetes 82 (28.9)

Hypertension 180 (63.4)

Smoking history 136 (47.9)

Coronary arteries (n=296)

Left main coronary artery 3 (1.0)

Anterior descending branch 210 (70.9)

Circumflex branch 38 (12.8)

Right coronary artery 45 (15.2)

PCI, percutaneous coronary intervention. 
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[72.6±11.4% (30–99%)]. To compare the difference of FFR 
and CAG results, we further analyzed the data in different 
diseased vessels, as shown in Figure 1.  

Three lesions (1.01%) were located in the left main 
coronary artery (LM), where angiography showed severe 
stenosis (all ≥50% stenosis) and FFR values were ≤0.8%. 
(Figure 1A). If FFR was used as the “gold standard” of PCI, 
the sensitivity of angiography was 100%. However, for 210 
lesions in the anterior descending branch (AD, 70.95%), 
angiography and FFR readings were different sometimes. 
One hundred and eleven cases had ≥75% stenosis as 
indicated by angiography, among which 86 had an FFR 
value of ≤0.8 and 25 had an FFR value of >0.8 (Figure 1A). 
Meanwhile, 99 cases had moderate or mild stenosis (<75% 
stenosis), among which 40 had an FFR value of ≤0.8 and 
59 had an FFR value of >0.8 (Figure 1B). The sensitivity of 
angiography was 68.25%.

Contradicting results of angiography and FFR were also 
found in cases of the circumflex branch (CX, n=38, 12.8%) 
and right coronary artery (RCA, n=45, 15.2%) lesions 

(Figure 1). The sensitivity of angiography was 85% and 
73.68%, respectively.

These results indicated that stent placements based 
solely on angiography for lesions of anterior descending 
artery and right coronary artery might have a higher  
misjudgment rate.

Univariate and multivariate analyses of factors affecting 
FFR in UA patients

To identify factors affecting FFR in UA patients, we 
performed univariate analysis. Of the variables considered, 
smoking history, history of hypertension, and HDL 
significantly differed between FFR ≤0.8 group and FFR 
>0.8 group, which indicated that these factors could be 
predictors of FFR <0.8 in UA patients (Table 4). Further 
multivariate analysis with Logistic regression demonstrated 
that history of hypertension is an independent risk factor for 
FFR in UA patients, and HDL is an independent protective 
factor (Table 5).

Table 3 Lesion characteristics per category of angiographic stenosis severity

Lesion characteristics
% Stenosis by angiography, n (%)

<50% (n=8, 2.7%) 50–70% (n=128, 43.2%) ≥75% (n=160, 54.1%)

FFR >0.8 6 (75.0) 79 (61.7) 43 (26.9)

FFR ≤0.8 2 (25.0) 49 (38.3) 117 (73.12)

Mean FFR >0.8 0.86±0.04 0.88±0.05 0.87±0.04

Mean FFR ≤0.8 0.77±0.04 0.72±0.06 0.70±0.08

Mean FFR for all lesions 0.84±0.06 0.82±0.09 0.74±0.10

FFR, fractional flow reserve. 

Figure 1 Comparison of CAG results and FFR for different diseased vessels. (A) Angiography indicated severe stenosis (LM ≥50% stenosis; 
AD, CX, RCA ≥75% stenosis); (B) angiography indicated moderate or mild stenosis (LM <50% stenosis; AD, CX, RCA <75% stenosis). LM, 
left main coronary artery; AD, anterior descending branch; CX, circumflex branch; RCA, right coronary artery; FFR, fractional flow reserve.
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Discussion

UA has a unique pathophysiological mechanism and 
clinical prognosis; if not treated timely, it may develop into 
AMI or sudden death. Standard intensive therapy for UA 
includes anti-ischemic therapy, anti-platelet therapy, and 
anticoagulant therapy; if intensive conservative therapy 
fails, early interventional therapy is needed to determine the 
necessity of revascularization. The goal of revascularization 
in UA patients is to treat recurrent myocardial ischemia and 
thus prevent progression to myocardial infarction or sudden 
death (2). The FRISC-II randomized controlled trial (8) 

enrolled 2,457 high-risk UA patients and divided them into 
early interventional therapy group (PCI performed within  
4 days and CABG within 8 days) and conservative treatment 
group (PCI only for severe angina). Within 12 months, 
78% of the patients in the early interventional therapy 
group and 43% of the patients in the conservative treatment 
group underwent revascularization. One year after follow-
up, the overall mortality rate significantly declined in 
the early interventional therapy group (2.2% vs. 3.9%,  
RR =0.57, 95% CI: 0.36–0.90), along with the significantly 
decreased incidence of myocardial infarction (8.6% vs. 

Table 4 Univariate analysis of factors affecting FFR in patients with unstable angina

Factors FFR ≤0.8 (n=168) FFR >0.8 (n=128) P

Gender 0.191

Female 41 40

Male 127 88

History of smoking 0.041

No 77 74

Yes 91 54

Old myocardial infraction 0.307

Yes 16 8

No 152 120

PCI 0.944

Yes 36 27

No 132 101

Hypertension 0.036

Yes 115 73

No 52 55

Age, years 59.48±8.98 60.28±8.95 0.445

≤60 89 60 0.298

>60 79 68

Glycosylated hemoglobin 6.41±1.14 6.29±1.25 0.399

TG 1.58±0.99 1.60±0.94 0.884

TC 4.19±1.23 4.03±1.09 0.25

HDL 1.08±0.25 1.16±0.35 0.035

LDL 2.47±1.00 2.30±0.86 0.125

CRP 2.27±3.71 2.30±3.95 0.949

TG, triglyceride; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP, C-reactive protein; PCI, 
percutaneous coronary intervention; FFR, fractional flow reserve. 
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11.6%, RR =0.74, 95% CI: 0.59–0.94). In addition, the 
combined incidence of death and MI significantly decreased 
(10.4% vs. 14.1%, RR =0.74, 95% CI: 0.60–0.92).

CAG remains one of the most important means to 
assess whether further revascularization is needed. CAG, 
which can provide the most intuitive morphological data of 
coronary artery, is still the “gold standard” for the diagnosis 
of coronary heart disease. However, due to its technical 
characteristics, CAG has the following shortcomings: (I) 
the interpretation of angiographic findings is somehow 
subjective, and the degree of stenosis of coronary artery 
lesions may be overestimated or underestimated; and 
(II) CAG can neither further assess the physiological 
significance of coronary artery stenosis nor determine 
whether stenosis causes functional ischemia. Unfortunately, 
both the morphologies and physiological data of the 
coronary artery are needed to help doctors establish tailored 
treatment strategies (9). 

Myocardial FFR, which can better determine whether 
coronary artery stenosis causes myocardial ischemia, has 
gradually become a widely recognized indicator for the invasive 
evaluation of lesion functions. Treatment strategies guided 
by FFR have been proven to be safe and economical and can 
improve the prognosis of patients (4). The guidelines in the 
United States (IIa, A), the European Society of Cardiology 
(I, A) and China (IIa, A) recommend the use of FFR for 
assessing the presence of functional ischemia in borderline 
lesions and guiding revascularization (7,10,11). In the 
2009 FAME study (12,13), 1,005 patients with multivessel 
coronary artery disease (at least two vessels with >50% 
lesion) undergoing stenting from 20 centers in Europe and 
the United States were randomly divided into PCI group 
and FFR group. FFR determination was performed after 
CAG for patients in FFR group. Interventional therapy was 
performed only in patients with FFR ≤0.8, and drug therapy 

was applied in patients with FFR >0.8. It was found that the 
number of stents used was 2.7±1.2 in PCI group and 1.9±1.3 
in FFR group (P<0.05); the post-operative 1-year all-cause 
mortality was 3.0% vs. 1.8% (P=0.19); the incidence of MI 
was 8.7% vs. 5.7% (P=0.07); the rate of revascularization 
was 9.5% vs. 6.5% (P=0.08); and the 1-year incidence of MI 
or death was 11.1% vs. 7.3% (P=0.04). The benefit from 
FFR was estimated to be equivalent to the prevention of 1 
major adverse cardiovascular event (MACE) every 20 FFR 
measurements.

According to the Chinese Expert Consensus on Clinical 
Application of Fractional Flow Reserve (2016 edition) (14), for 
patients with acute coronary syndrome, FFR determination 
for non-culprit lesions should be performed following 
CAG, so as to guide treatment decision-making, especially 
the application of PCI. Of important, unnecessary stent 
implantation may lead to stent-related immediate, short-
term, and/or long-term adverse events such as no-reflow, 
coronary artery dissection, perioperative myocardial 
infarction, in-stent thrombosis, and in-stent restenosis. 
These adverse events can lead to serious cardiac dysfunction 
and sudden death. Therefore, in order to further achieve 
individualized and accurate treatment and make each UA 
patient can truly benefit from stenting, the PCI strategy 
should be established after the physiological images of 
coronary artery stenosis/lesions are obtained and reviewed. 
As shown in our study, there were some inconsistencies 
between the CAG and FFR results. Among the coronary 
lesions with <50%, 50–70%, and ≥75% stenosis, the 
proportions of lesions with FFR ≤0.8 were 25%, 38.3%, 
and 73.1%, respectively. However, it was also found in 
a previous clinical study that 26.9% of the lesions with 
>75% stenosis that required interventional therapy had 
no physiologically functional ischemia and thus did not 
need interventional therapy; according to previous clinical 

Table 5 Multivariate logistic regression analysis of decreased FFR in patients with unstable angina

Factors P OR 95% CI

HDL 0.043 0.372 0.143–0.968

LDL 0.604 1.214 0.583–2.530

History of smoking 0.064 1.583 0.974–2.573

History of hypertension 0.024 1.769 1.079–2.901

TC 0.915 1.034 0.564–1.896

Constant 0.783 1.202 –

TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FFR, fractional flow reserve. 
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experience, 25% of the lesions with <50% stenosis had 
physiologically functional ischemia that had not been 
treated. Tonino et al. (15) also found that in CAG-confirmed 
coronary artery lesions with 50–70%, 70–90%, and 90–99% 
stenosis, the proportions of FFR <0.8 were 35%, 80%, and 
96%, respectively. Previous clinical practice recommended 
that lesions with 70–90% stenosis needed interventional 
treatment, which led to 20% of patients with moderate and 
severe lesions were overtreated; in contrast, 35% of patients 
with borderline lesions with 50–70% stenosis had functional 
ischemia but were not treated. Our study revealed CAG and 
FFR readings could be different, that further demonstrated 
CAG alone has defects in assessing coronary artery ischemia 
in UA patients. 

Moreover, our current study explored the relationship 
between traditional risk factors for coronary heart disease 
and FFR. Multivariate analysis verified that hypertension 
was the only independent risk factor for FFR, and HDL 
was the independent protective factor. Hypertension is one 
of the major risk factors for coronary heart disease, Tadashi 
Murai et al. (16) confirmed that the history of hypertension 
was a factor affecting the reduction in coronary flow 
reserve. Our current study also confirmed that the history 
of hypertension was an independent risk factor for FFR 
reduction. Besides, TG, TC and LDL were not found 
to affect FFR in 296 UA patients, when HDL was an 
independent protective factor. Thus, our study indicated 
that increasing the HDL level in UA patients can lower the 
risk of coronary artery functional ischemia. This may due 
to its important role in anti-inflammation, antioxidation, 
reverse cholesterol transport and protection of vascular 
endothelium (17,18). Additionally, many studies (19,20) 
have demonstrated that HDL is an independent predictor 
of coronary heart disease. The results of large-scale 
studies (21) including Framingham Heart Study, CTTP, 
and MRFIT confirmed that HDL levels were negatively 
correlated with the occurrence, development, and 
prognosis of atherosclerosis. Collectively, there is a negative 
correlation between the level of HDL and the incidence of 
coronary heart disease, and HDL plays an important role in 
the prevention and treatment of atherosclerosis.

Unfortunately, patient’s follow-up data was not included 
in this study, but it will be considered in a future study. 
Other limitations of our study included the retrospective 
design without clinical outcomes, making it unable to prove 
either CAG or FFR has higher accuracy in predicting 
intervention. More perspective studies are needed to 
demonstrate the further clinical implication of FFR in 

patients with UA.

Conclusions

CAG and FFR readings could be different. A combination 
of CAG and FFR may help to achieve more accurate and 
tailored treatment of UA. The history of hypertension is an 
independent risk factor for FFR in UA patients, and HDL 
is an independent protective factor.
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