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Abstract

Purpose
The change in coronary physiology from lipid-lowing therapy(LLT)lacks an appropriate examination
method. Quantitative �ow ratio (QFR) is a novel angiography-based method allowing fast assessment of
coronary physiology. This study sought to determine the impact of the low-density lipoprotein cholesterol
(LDL-C) goal achievement on coronary physiology through QFR.

Methods
Patients who underwent percutaneous coronary intervention (PCI) and one-year angiographic follow-up
were screened and computed by QFR analysis. According to the LDL-C level at one-year follow-up,
patients were divided into two groups:1) goal-achievement group (LDL-C < 1.8 mmol/l or reduction of ≥ 
50%, n = 146, lesion = 165); 2) non-achievement group (n = 286, lesion = 331). All QFR data and major
adverse cardiovascular and cerebrovascular events (MACCEs) at one year were compared between
groups.

Results
No differences between the groups were found in quantitative coronary angiography (QCA) data and QFR
at post-PCI. At one-year follow-up, lower percentage diameter stenosis (DS %) and percentage area
stenosis (AS %) were recorded in goal-achievement group (27.89 ± 10.16 vs. 30.93 ± 12.03, p = 0.010,
36.57 ± 16.12 vs. 41.68 ± 17.39, p = 0.003, respectively). Meanwhile, a higher QFR was found in goal-
achieved patients (0.96 ± 0.05 vs. 0.94 ± 0.09, p = 0.005). Furthermore, goal-achievement group had a
lower incidence of physiological restenosis and MACCEs (2.1% vs. 8.4%, p = 0.018, 5.4 % vs. 12.6 %, p = 
0.021, respectively).

Conclusions
Evaluated by QFR, patients who achieved the LDL-C goal seem to have a better coronary physiological
bene�t. Meanwhile, this group of patients is presented a better clinical outcome.

1. Introduction
Howbeit the prognosis of patients with coronary artery disease (CAD) is well improved by percutaneous
coronary intervention (PCI), survival patients still have an increasing risk of recurrent cardiovascular
events [1]. Therefore, appropriate disease management is of increasing signi�cance. As a crucial part in
cardiac disease management, lipid modi�cation is associated with reduced cardiovascular mortality. It is
well-established that lowering low-density lipoprotein cholesterol (LDL-C) concentration among very high-
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risk patients is the primary target to reduce the risk of cardiovascular events [2, 3]. Lipid-lowing therapy
(LLT) has been the cornerstone of medical therapy for primary and secondary prevention of
atherosclerotic cardiovascular disease (ASCVD) [4, 5].

The European Society of Cardiology (ESC)/European Atherosclerosis Society (EAS) 2019 guidelines for
management of dyslipidemia recommend a LDL-C reduction of ≥ 50% from baseline and a LDL-C goal of
< 1.4 mmol/l (< 55 mg/dl) in very high cardiovascular disease risk patients (reduced from < 1.8 mmol/l
(70 g/dl) in the 2016 guidelines) [6, 3]. Clinical bene�ts of LDL-C goal achievement have been
demonstrated by numerous landmark studies [7, 8]. In addition to lowering serum cholesterol levels, LLT
induces plaque stabilization and improves endothelial function [9]. As novel technologies (i.e.,
intravascular ultrasound (IVUS), optical coherence tomography (OCT), fractional �ow reserve (FFR))
emerging, more precise methods to evaluate outcomes from LLT are gradually enriched. Emerging data
obtained by novel imaging modalities suggests that LLT might have a greater impact on modulating lipid
content versus plaque volume [10], which makes the multidisciplinary assessment for clinical outcome
from LLT be of signi�cant concern. The level of LDL-C and plaque volume can be known from laboratory
tests, and the information of plaque composition can be provided by IVUS or OCT. However, the change in
coronary physiology from LLT lacks an appropriate examination method.

Yellow trial found that improvements in FFR were observed in patients treated by LLT and this change
was independent of results in IVUS [10]. Therefore, it is of considerable importance to coronary
physiologic assessment in LLT process. Although FFR can provide information of �ow physiology, the
measurement of FFR is accompanied with certain problems, such as requiring introduction of an invasive
pressure wire, increasing patient discomfort, complication risk and costs associated with the
catheterization procedure [11, 12]. Quantitative �ow ratio (QFR) is a promising angiography-based
approach allowing fast computation of FFR by 3D coronary artery reconstruction and �uid dynamics
computation [11]. The accuracy of QFR was veri�ed by previous studies [11, 13, 12], meanwhile, no
requirement of pressure wires and quicker procedural time makes QFR become a suitable choice for the
evaluation of coronary physiology [12]. Nevertheless, impact of LDL-C goal achievement on vascular
physiology evaluated by QFR remains unknown. This study aimed to investigate the changes in coronary
physiology in patients who achieved LDL-C goal at one-year follow-up through QFR analysis.

2. Methods

2.1 Study design
This study was approved by the Ethics Committee of Union Hospital, Fujian Medical University
(No.2020KY098). From June 2015 to December 2016, A total of 734 lesions in 606 patients underwent
PCI at Fujian Medical University Union Hospital were recruited. All enrolled patients were computed for
QFR, and clinical characteristics of pre-PCI, post-PCI and one-year angiographic follow-up were collected.
Post-PCI means the immediate time after successful PCI.
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Patients diagnosed stable angina, unstable angina or post-acute myocardial infarction (≥ 72 hours) were
eligible for enrollment when angiographic inclusion criteria were met. Indication for QFR computation
was: (1) Diameter stenosis (DS) of at least one lesion between 50–90% (visual assessment); (2)
Reference vessel diameter size ≥ 2.5mm (visual assessment). Patients consisting any of the following
clinical characters would be excluded: (1) DS of < 50% (2) vessels of < 2 mm of reference diameter; (3)
lack of two optimal angiographic projections at least 25° apart; (4) bypass graft or myocardial bridge
supplying the target vessel; (5) overlapping or tortuous vessels; (6) too much shortening; (7) poor quality
image.

In the light of our data acquired from June 2015 to December 2016, a LDL-C value of < 1.8 mmol/l or a
LDL-C reduction of ≥ 50% was chosen as a LDL-C goal based on 2016 ESC/EAS Guidelines for the
Management of Dyslipidaemias [6]. According to LDL-C level at the time of one-year follow-up, all
subjects were divided into two groups: (1) goal-achievement group (patients achieved a LDL-C goal); (2)
non-achievement group (patients failed to achieve a LDL-C goal).

2.2 QFR computation and quantitative coronary angiography
(QCA) analysis
The QFR computation and QCA analysis were performed by two independent investigators blinded to
clinical data through the AngioPlus system (Pulse Medical Imaging Technology Shanghai, China)
according to standard operating procedures. Based on automated contouring, a three-dimensional (3D)
QCA model of the target vessel was reconstructed using two angiographic projections recorded at 15
frames/s and at least 25° apart. Proximal and distal reference points were used to indicate the region of
interest, and “�agging” was used to indicate lesion segments. After 3D QCA reconstruction, the vessel
QFR was computed by contrast �ow velocity models[14, 11].In addition, 3D reconstruction of the vessel
provides QCA information of target vessel comprising percentage diameter stenosis (DS%), percentage
area stenosis (AS%) and late lumen loss (LLL). LLL was de�ned as difference of minimal lumen diameter
between post-PCI and follow-up.

2.3 Data collection and follow-up
All enrolled patients were recorded for relevant clinical data, laboratory results and major adverse
cardiovascular and cerebrovascular events (MACCEs) during their hospitalization and at one-year follow-
up. Serum biochemical results such as LDL-C, N-terminal pro brain natriuretic peptide (NT-proBNP), C
reaction protein (CRP), glucose, and creatinine were measured in the hospital clinical laboratory using
routine automated techniques.

An MACCE was de�ned as the composite of any myocardial infarction (MI), stroke, or any ischemia-
driven revascularization of target and non-target vessels. The target vessel was de�ned as the vessel in
which the stent was placed during the �rst angiography. All patients were treated according to clinical
guidelines recommendation at the time after discharge. The occurrence of MACCEs within one year was
recorded by telephone follow-up and medical record query.
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2.4 Statistical analysis
Categorical variables were presented as absolute frequencies and proportions, and were compared using
the chi-square test or Fisher's exact test. Continuous variables were expressed as mean ± standard
deviation for normally distributed data and as median (interquartile range) for non-normally distributed
data. They were compared using Student's t test or the Mann–Whitney U test, respectively. In all analyses,
value of < 0.05 was considered statistically signi�cant. All statistical analyses were performed with SPSS
26.0 (IBM Inc., New York, NY, USA).

3. Results

3.1 Baseline characteristics
A total of 734 lesions in 606 patients underwent PCI were recruited, and 496 lesions in 432 patients were
enrolled in �nal analysis. According to study design, enrolled patients were divided to goal-achievement
group (n = 146, lesion = 165) and non-achievement group (n = 286, lesion = 331), respectively (Fig. 1). The
clinical, laboratory, and angiographic characteristics between the groups were summarized in Table 1. By
comparison of baseline characteristics, goal-achievement group showed a lower CRP level (1.71(0.60–
5.29) vs. 2.65(0.89–8.52), p = 0.033) than non-achievement group. No signi�cant differences were found
in age, gender, hypertension, diabetes mellitus, renal insu�ciency, smoking, history of previous AMI or
PCI, and type of CAD between the two groups. The level of LDL-C, NT-proBNP, glucose, creatinine and left
ventricular ejection fraction (LVEF) showed similar results. In addition, both groups had similar medical
therapies.
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Table 1
Baseline demographic characteristics

  Goal-achievement group

(n = 146)

Non-achievement group

(n = 286)

p value

Age, years 63.52 ± 10.62 62.47 ± 9.78 0.184

Male, n (%) 118(80.8) 225(78.7) 0.601

Hypertension, n (%) 98(67.1) 173(60.5) 0.319

Diabetes mellitus, n (%) 42(28.8) 86(30.1) 0.779

Renal insu�ciency, n (%) 6(4.1) 8(2.8) 0.466

Current/past smoking, n (%) 82(56.2) 156(54.5) 0.749

Previous MI, n (%) 15(10.3) 33(11.5) 0.692

Previous PCI, n (%) 24(16.4) 45(15.7) 0.850

Medications

Antiplatelet agent, n (%) / / /

Statin, n (%) / / /

ACE-inhibitor/ARB, n (%) 108(74) 225(78.7) 0.272

Type of coronary artery disease

Unstable Angina, n (%) 87(59.6) 157(54.9) 0.352

NSTEMI, n (%) 21(14.4) 45(15.7) 0.712

STEMI, n (%) 22(15.1) 52(18.2) 0.417

Stable Angina, n (%) 16(10.9) 32(11.2) 0.943

Laboratory data

NT-proBNP, pg/mL 121.00(49.75-624.25) 172.50(66.00-577.75) 0.147

CRP, mg/L 1.71(0.60–5.29) 2.65(0.89–8.52) 0.033

Glucose, mmol/L 6.58 ± 2.64 6.57 ± 2.73 0.845

Creatinine, umol/L 83.44 ± 54.94 78.42 ± 21.88 0.181

Values are the mean ± standard deviation, median(interquartile range), or number (%).

MI, myocardial infarction; PCI, percutaneous coronary intervention; ACE-inhibitor, angiotensin-
converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; NSTEMI, Non-ST segment elevation
myocardial infarction; STEMI, ST segment elevation myocardial infarction; LDL-C, low-density
lipoprotein cholesterol; NT-proBNP, N-terminal pro brain natriuretic peptide; CRP, C-reaction protein;
LVEF, left ventricular ejection fraction.
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  Goal-achievement group

(n = 146)

Non-achievement group

(n = 286)

p value

LDL-C, mmol/L 2.81 ± 1.07 2.93 ± 0.93 0.138

LVEF, % 61.83 ± 11.76 60.47 ± 10.71 0.194

Values are the mean ± standard deviation, median(interquartile range), or number (%).

MI, myocardial infarction; PCI, percutaneous coronary intervention; ACE-inhibitor, angiotensin-
converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; NSTEMI, Non-ST segment elevation
myocardial infarction; STEMI, ST segment elevation myocardial infarction; LDL-C, low-density
lipoprotein cholesterol; NT-proBNP, N-terminal pro brain natriuretic peptide; CRP, C-reaction protein;
LVEF, left ventricular ejection fraction.

3.2 QCA and QFR analysis results
All QCA and QFR analysis data were summarized in Table 2. The goal-achievement group had a higher
proportion of target lesion located in right coronary artery (32.7% vs. 27.2%, p = 0.034), while similar
proportions in left anterior descending branch and left circum�ex branch. There were no differences in
QCA data and QFR between the groups at post-PCI time. However, goal-achievement group showed a
lower DS% (27.89 ± 10.16 vs. 30.93 ± 12.03, p = 0.010) and AS% (36.57 ± 16.12 vs. 41.68 ± 17.39, p = 
0.003) at the time of one-year follow-up. Meantime, QFR in goal-achievement group was higher than in
non-achievement group (0.96 ± 0.05 vs. 0.94 ± 0.09, p = 0.005). To compare the difference in physiological
outcomes, the incidence of physiological restenosis (QFR ≤ 0.8) was recorded on the basis of QFR value
at the time of follow-up. (Table 3). Goal-achievement group showed a lower incidence of physiological
restenosis than non-achievement group (2.1% vs. 8.4%, p = 0.018). However, not all patients who
con�rmed a physiological restenosis received an actual occurring revascularization due to the lack of
coronary physiological assessment at that time.
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Table 2
QCA and QFR analysis results

  Goal-achievement group

(n = 165)

Non-achievement group

(n = 331)

p value

Target lesion location

LAD, n (%) 89(53.9) 186(56.2) 0.354

LCX, n (%) 22(13.3) 55(16.6) 0.668

RCA, n (%) 54(32.7) 90(27.2) 0.034

Post-PCI

Diameter stenosis, % 27.26 ± 11.61 27.61 ± 11.20 0.766

Area stenosis, % 34.93 ± 16.83 36.22 ± 16.51 0.500

QFR 0.96 ± 0.07 0.96 ± 0.07 0.914

One-year follow-up

Diameter stenosis, % 27.89 ± 10.16 30.93 ± 12.03 0.010

Area stenosis, % 36.57 ± 16.12 41.68 ± 17.39 0.003

Late lumen loss, mma 0.07 ± 0.50 0.16 ± 0.48 0.172

QFR 0.96 ± 0.05 0.94 ± 0.09 0.005

Values are the mean ± standard deviation or number(%).

QCA, quantitative coronary angiography; QFR, quantitative �ow rate; LAD, left anterior descending
branch; LCX, left circum�ex branch; RCA, right coronary artery;

aLate lumen loss was de�ned as difference of minimal lumen diameter between post-PCI and follow-
up.
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Table 3
Incidence of physiological restenosis

Case
NO.

Age(years)/gender Target
vessel

One-year follow-up LDL-
C(mmol/L)

One-year follow-up
QFR

Goal-achievement group

1 71/F LAD 1.36 0.67

2 64/M LAD 1.69 0.71

3 79/M RCA 1.27 0.78

Non-achievement group

4 85/M LAD 2.44 0.26

5 54/M LAD 2.55 0.47

6 64/F LAD 2.06 0.53

7 54/F LAD 2.64 0.53

8 51/M LAD 2.1 0.63

9 61/M RCA 2.17 0.65

10 65/F LAD 2.85 0.67

11 46/F LAD 2.53 0.68

12 61/M RCA 2.65 0.71

13 73/M LAD 2.47 0.72

14 71/M RCA 3.54 0.72

15 76/M LAD 3.92 0.72

16 59/M LCX 1.87 0.73

17 45/F RCA 2.74 0.73

18 48/M LAD 2.6 0.73

19 54/M LCX 1.99 0.74

20 58/M LAD 1.86 0.76

21 46/M LAD 1.94 0.76

22 61/M LAD 2.2 0.77

LDL-C, low-density lipoprotein cholesterol; QFR, quantitative �ow rate; LAD, left anterior descending
artery; LCX, left circum�ex artery; RCA, right coronary artery; Physiological restenosis means vessel
QFR ≤ 0.8 at the time of one-year angiographic follow-up.



Page 10/17

Case
NO.

Age(years)/gender Target
vessel

One-year follow-up LDL-
C(mmol/L)

One-year follow-up
QFR

23 45/M LAD 2.76 0.77

24 60/M LAD 2.05 0.78

25 63/M LAD 1.87 0.79

26 66/F LAD 2.1 0.79

27 52/M LAD 2.15 0.79

LDL-C, low-density lipoprotein cholesterol; QFR, quantitative �ow rate; LAD, left anterior descending
artery; LCX, left circum�ex artery; RCA, right coronary artery; Physiological restenosis means vessel
QFR ≤ 0.8 at the time of one-year angiographic follow-up.

3.3 Clinical outcomes
Comparison of clinical outcomes at one-year follow-up between the groups were demonstrated in
Table 4. A total of 44 patients (10.2%) were reported with MACCEs, 8 patients of whom was from goal-
achievement group and 36 patients of whom was from non-achievement group, respectively (5.4% vs.
12.6%, p = 0.021) (Table 4).

Table 4
Incidence of MACCEs

  Goal-achievement

group

(n = 146)

Non-achievement group

(n = 286)

p value

MACCEs, n (%) 8(5.4) 36(12.6) 0.021

MI, n (%) 0 1 /

TVR, n (%) 5(3.4) 17(5.9) 0.266

Non-TVR, n (%) 4(2.7) 20(7.0) 0.109

Stroke, n (%) 0 0 /

Values are number (%).

MACCEs, major adverse cardiovascular and cerebrovascular events; MI, myocardial infarction; TVR,
target vessel revascularization; Non-TVR, Non-target vessel revascularization.

3.4 Management of LDL-C
Reductions in LDL-C level from baseline were found in both groups (Fig. 2a). Meanwhile, we found that
LDL-C level of patients reported MACCEs was higher compared to patients without MACCEs or total
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patients (Fig. 2b). The proportions of patients achieved LDL-C goal were 50 (11.6%) at baseline and 134
(31.0%) at follow-up, respectively.

4. Discussion
In this present study, the main �ndings were as follows: (1) The patients achieved a LDL-C goal had a
higher QFR and a lower DS% or AS% at one-year follow-up, indicating a better improvement in coronary
physiology. (2) A positive consistent tendency was presented in coronary physiology assessment (higher
QFR) and clinical outcome (lower incidence of MACCEs), which increases the support to LDL-C goal
achievement recommendation from a perspective of multidisciplinary assessments.

In view of coronary physiology, we found that patients with lower level of LDL-C tend to have a higher
QFR value at the time of follow-up. Yellow trial study has suggested that improvement in FFR is
associated with lower level of LDL-C conducted by LLT [10]. The mechanism of FFR changes in patients
treated with LLT is speculated upon plaque burden and endothelial function [15]. Ito T, et al. found that
the plaque burden of a stented segment affects the FFR value rather than the luminal area after optimal
drug-eluting stent implantation [16]. Another study by Kolozsvári R, et al. suggested that both luminal
narrowing and plaque burden may affect the FFR derived from Computed Tomography (CT) scanning
[17]. In addition, previous studies have shown that endothelial function may also affect the FFR value,
albeit the mechanism is not completely understood [18, 19]. QFR has a similar computational formula to
FFR [20, 21]. Thus, we hold the opinion that plaque burden and endothelial function are the main factors
to in�uence QFR value in addition to narrowing lumen resulted from signi�cant stenosis. Videlicet, a more
satisfactory level of QFR value may re�ect a better improvement in plaque burden or endothelial function
in patients without signi�cant stenosis.

Patients achieved LDL-C goal seemed to have a better result in coronary physiology assessment.
Previous study concerning non-culprit plaque suggested that DS% can increase by 2.2% even with routine
LLT [22]. Our study showed a 0.6% increase in patients achieved a LDL-C goal, and a 3.3% increase in
those not achieved goal, respectively. It seems that LDL-C goal achievement may alleviate the
deterioration of non-culprit. In addition, LLL is an index to evaluate the absolute degree of restenosis and
the status of the intimal hyperplasia in coronary artery [23]. No signi�cant difference in LLL was found
between two groups (p = 0.172), albeit the QFR value of patients achieved goal was higher (p = 0.005).
Furthermore, lower incidence of physiological restenosis was recorded in goal-achievement group
compared to non-achievement group. These QCA analysis results indicate that patients achieved a LDL-C
goal may have a better improvement in coronary physiology. From the perspective of vascular physiology,
the potential bene�t of LDL-C goal achievement is veri�ed.

The incidence of MACCEs was signi�cantly lower in patients achieved a LDL-C goal. Previous studies
have demonstrated clinical bene�t from LLT, namely, the greater the absolute LDL-C reduction, the greater
the cardiovascular risk reduction [24, 25]. Our study showed a consistent result concerning incidence of
MACCE with previous researches. Nevertheless, no statistically signi�cant differences were found in
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stroke, target or non-target vessel revascularization in our study. The small numbers of patients in these
subgroups may account for this elusive statistical result. Although goal-achievement group not showed a
statistical difference in revascularization, this group of patients was still reported with a lower incidence
of revascularization in numerical result. Therefore, our �nding suggests that LDL-C management is of
signi�cance in cardiovascular events prevention. In addition, a positive accordant tendency was
presented in coronary physiology and clinical outcome, which provides new evidence to support the LDL-
C goal achievement recommendation.

For patients at very high cardiovascular risk, whether in secondary prevention or in primary prevention, a
more aggressive LDL-C reduction goal are recommended according to The ESC/ EAS 2019 guidelines [3].
However, the proportion of patients achieved a LDL-C goal is still unsatis�ed. In our study, only 31.0% of
enrolled patients achieved a LDL-C goal even though the statin was prescribed to all participants. It may
be due to the underdose of statin or insu�cient concomitant use of other hypolipidemic drugs. Therefore,
there is considerable potential to optimize lipid-lowering therapy further through statin intensi�cation and
appropriate use of novel LLT.

Our study still has some limitations. First, this is a observational study at a single center with a short time
follow-up, the �ndings need to be veri�ed by further prospective multi-center cohort studies. Second,
some other treatment of risk factors may affect the incidence of MACCE, while not be discussed in our
study. Third, not all images are suitable for QFR analysis, so it may affect the selection of some patients
during QFR measurement.

5. Conclusions
Evaluated by QFR, patients who achieved the LDL-C goal seem to have a better coronary physiological
bene�t. Meanwhile, this group of patients is presented a better clinical outcome, which is in compliance
with physiological assessment result. This study provides new evidence to support the LDL-C goal
achievement recommendation from a perspective of multidisciplinary assessments.
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Figure 1

Study �owchart. Among 734 lesions in 606 patients underwent PCI, 705 lesions in 577 patients were
analyzed by QFR. Of those, 172 lesions lack two optimal angiographic projections at least 25° apart, 16
lesions were overlapping or tortuous, and 14 lesions in patients with poor quality image were excluded.
Other 7 lesions were excluded due to excessive shortening lesions. Consequently, 496 lesions in 432
patients were analyzed in this study. According to the LDL-C level at the time of one-year follow-up, 165
lesions in 146 patients, and 331 lesions in 286 patients were assigned to goal-achievement and non-
achievement group, respectively. QFR, quantitative �ow rate; PCI, percutaneous coronary intervention;
LDL-C, low-density lipoprotein cholesterol.
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Figure 2

Variation of LDL-C level. 2a) Compared to baseline, LDL-C level were showed a reduction both in goal-
achievement and non-achievement group at the time of one-year follow-up. 2b) LDL-C level at the time of
one-year follow-up in total patients, patients with MACCEs, and patients without MACCEs, respectively.


