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Abstract
Background: Even though great advances have been made in the treatment of  coronary artery disease (CAD) owing to coronary revascularization and modern
antiremodeling therapy, it remains the major cause of cardiac morbidity and mortality worldwide. Risk strati�cation in CAD patients is primarily based on left
ventricular ejection fraction (LVEF), risk scores, and some serum markers. The value of baseline Left ventricular fractional shortening (LVFS) level in predicting
the clinical outcomes  has not yet been determined.

Methods: In this retrospective cohort study, a total of 3561 patients were enrolled in Clinical Outcomes and Risk Factors of Patients with CAD after
percutaneous coronary intervention (PCI), from January 2013 to December 2017. After excluding patients without echocardiography data, we �nally enrolled
2787 patients. These patients were divided into two groups according to LVFS value. The lower group (LVFS <31%, n=741), the higher group (LVFS≥31%,
n=2046). The average follow-up time were 37.59±22.24 months.

Results: We found that there were signi�cant differences between the two groups in the incidence of all-cause mortality (ACM) (P<0.001), cardiac mortality
(CM) (P<0.001), major adverse cardiovascular events (MACEs) (P<0.05) and major adverse cardiovascular and cerebrovascular events (MACCEs) (P<0.05).
Multivariate Cox regression analyses showed that LVFS was an independent predictor for ACM (hazard ratio [HR]:0.473 [95% con�dence interval [CI]:0.290-
0.772],P=0.003), CM (HR: 0.393 [95% CI:0.213-0.725],P=0.003) in acute coronary syndrome (ACS) patients but that it was an independent predictor for only the
incidence of CM (HR: 0.153 [95% CI:0.046-0.504],P=0.002) in stable CAD patients.

Conclusion This study indicates that baseline LVFS is an independent and novel predictor of adverse long-term outcomes in CAD patients who underwent PCI.

Trial registration:Chinese Clinical Trial Registry. ChiCTR-ORC-16010153. Registered 24 November 2018.http://www.chictr.org.cn/index.aspx

Background
Coronary artery disease (CAD) is currently the leading cause of human death around the world[1]. Percutaneous coronary intervention (PCI) has been known
to be effective in the management of CAD[2]. With the improvement of operators’ experience and techniques, PCI has been widely used in the
revascularization recently. However, adverse clinical events remain an important issue in short-and long-term outcomes after successful PCI[3], thus
identifying factors that can predict the prognosis of patients with CAD after successful PCI is warrant for therapeutic prevention.

Left ventricular fractional shortening(LVFS) is a index of echocardiography, which is used to evaluate the function and structure of the heart, the measurement
indexes of conventional echocardiography include interventricular septal thickness, LV end-diastolic dimension (LVEDD, mm), LV end-systolic dimension
(LVESD, mm), and left atrial size, left ventricular ejection fraction(LVEF) and so on[4]. Among them LVFS can be used to evaluate the left ventricular systolic
function, and it is calculated according to the formula: LVFS (%) = 100 × [(LVEDD − LVESD)/LVEDD][5]. LVEF is the central measure of left ventricular systolic
function[6] and can be used to predict the clinical outcomes in patients with congestive heart failure, after myocardial infarction, and after revascularization[7-
9]. However, there is few studies focusing on the the relationship between LVFS and adverse outcome in patients with CAD. Therefore, our study examined the
LVFS index of patients with CAD undergoing PCI and discussed the effect of LVFS index on long-term clinical outcomes.

Methods
Study design and population

3561 CAD patients hospitalized and received at least one stent via implantation in the First A�liated Hospital of Zhengzhou University from 2013 to 2017
were recruited in the Clinical Outcomes and Risk Factors of Patients with Coronary Heart Disease after PCI (CORFCHD-PCI) study. It is a large, single-center
retrospective cohort study. Patients with dysfunction of the liver, serious heart failure, congenital disease, serious dysfunction of the kidney are excluded. This
study protocol complies with the declaration of Helsinki, also the ethics committee of the First A�liated Hospital of Zhengzhou University has approved the
study and waived the need of obtaining informed consent from eligible patients, as this is a retrospective study.

In this study, 3561 patients were initially evaluated. 774 patients were excluded for insu�cient echocardiography data. Finally, 2787 patients were admitted
including 2107 ACS patients and 680 stable CAD patients.(Figure 1) .

Clinical and Demographic Characteristics Collection

We collected and recorded clinical data, demographic data, cardiovascular risk factors, imaging and laboratory data including age, sex, history of
hypertension, history of diabetes mellitus, smoking and drinking status, fasting blood glucose, blood urea nitrogen, creatinine, Uric Acid, lipid parameters,
angiographic results and echocardiography. During the follow-up period, we further recorded the use of drugs in these patients.

Echocardiography

Two-dimensional echocardiography was performed according to the American Society of Echocardiography standards, by a cardiology resident. The selected
parameters included LVEF and LVFS using the volume method and visual estimation, LVEDD, LVESD, interventricular septal thickness at end diastole (IVSd),
and the left ventricular posterior wall thickness at end diastole (LVPWd) were also measured.

De�nitions
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Hypertension was de�ned as a systolic blood pressure of ≥140 mmHg and/or a diastolic blood pressure of ≥90mmHg on at least three resting
measurements on at least two separate health care visits according to the American Heart Association recommendations or with the use of any
antihypertensive drug [10]. Diabetes mellitus was de�ned as fasting blood glucose ≥7.1 mmol/L or 2-hour post-load glucose≥11.1mmol/ L or current use of
anti-diabetic medications[11]. Smoking and drinking status was de�ned as current tobacco and alcohol use.

Endpoints

The primary endpoint is long-term mortality, including all-cause mortality (ACM) and cardiac mortality (CM)[12]. And the secondary endpoints include major
adverse cardiac events (MACE) (a composite of cardiac death, recurrent myocardial infarction and target vessel reconstruction), major adverse
cardiocerebrovascular events (MACCE) de�ned as MACEs plus stroke[13] and heart failure. Stroke refers to acute neurological impairment caused by
cerebrovascular diseases, including hemorrhage, embolism, thrombosis or aneurysm rupture, lasting for more than 24 hours[13]. All events were assessed by
an adjudication committee which was blinded to the group of patients.

Follow-up

In this study, we checked all the medical records and contacted patients or their families by telephone. Patients were followed up at least 2 years. Drug
compliance and adverse events were carefully evaluated at each contact.

Statistical Analyses

All analyses were conducted using the SPSS 23.0 (SPSS, Chicago, Illinois). Continuous data and categorical data were shown as the mean ± standard
deviation and the percentages and frequencies, respectively. The LVFS index was analyzed as a categorical variable divided into two groups on the basis of
LVFS cut-off value of 31%. The cut-off value (31%) is according to the analysis of the ROC curve for the baseline data of the study population. The differences
between normally distributed numerical variables were analyzed by a t-test, and non-normally distributed variables were analyzed by the Mann–Whitney U-test
or Kruskal–Wallis variance analysis as appropriate. Chi-square tests were used to compare categorical variables. Kaplan–Meier analysis was used to analyze
cumulative incidence rate of adverse events. The log-rank test was employed for comparing between two groups. Multivariable regression analysis was used
to evaluate the predictive value of the LVFS index for outcomes during follow-up. Hazard ratios (HRs) and 95  con�dence intervals (CIs) were calculated, and
a two-sided P value <0.05 was considered statistically signi�cant.

Results
ROC analysis for LVEF and LVFS predicting adverse outcomes in patients with CAD after undergoing PCI

In ROC analyses, baseline LVEF and LVFS predicted adverse outcomes in patients with CAD after undergoing PCI [area under the curve (AUC): 0.618; P <0.001
and AUC: 0.655;P<0.001, respectively], as shown in Figure 2.

Baseline Characteristics

Patients �nally included in the study was categorized into two groups according to the LVFS value: the low LVFS group(<31% , n=741), the high LVFS
group(≥31%, n=2046). As shown in Table 1, in total, variables, including age, gender,smoking, diabetes mellitus, LVEF, systolic blood pressure (SBP), diastolic
blood pressure (DBP), hypertension, white blood cell (WBC), plate count (PLT), uric acid (UA), fasting blood glucose (FBG) , creatinine (Cr), albumin, high-
density lipoprotein cholesterol (HDL-C), use of asprin, CCB and statin showed signi�cant difference between the two groups (all P-values <0.05). In the ACS
patients,we found that age, gender, diabetes mellitus, LVEF, hypertension, SBP, DBP, WBC, Cr, UA, FBG, albumin, use of asprin and CCB were signi�cantly
different between the two groups. In the stable CAD (SCAD) patients, we found that gender, diabetes mellitus, LVEF, SBP, PLT, UA, FBG, HDL-C, LDL-C, use of
asprin, ticagrelor and statin were signi�cantly different between the two groups.

Clinical Outcomes

As Table 2 shows, the incidence of ACM, CM, MACEs and MACCEs were all signi�cantly different between two groups (6.4% vs 2.4%, 4.7% vs 2.3%, 13.7% vs
10.8%, 18.1% vs 14.5%, respectively. And all P-values <0.05 ). while we found that there were no signi�cant differences in the incidence of stroke (5.0% vs
4.0%, P=0.241) and heart failure (15.8% vs 15.1%, P=0.633) between the two groups. Sub-group analysis suggested that there was a signi�cant difference in
the incidence of ACM (6.2% vs. 2.4%, P<0.001) and CM (4.1% vs. 1.4%, P<0.001) between the high LVFS group and the low LVFS group for the ACS patients.
For the stable CAD patients, we found signi�cant differences in the incidence of ACM (6.9% vs. 2.7%, P=0.027) and CM (6.9% vs. 1.2%, P<0.001) between the
two groups.

In Figure. 3, Figure. 4 and Figure. 5 , as Kaplan-Meier survival analysis revealed, lower LVFS level were apt to have an increasing accumulated risk for ACM and
CM in CAD patients ,ACS patients and SCAD patients .(all Log rank P-values<0.05).

To access the prognostic value of the LVFS, we performed the multivariable analysis after adjusting for the traditional risk factors, including gender, age,
hypertension, diabetes mellitus, smoking, alcohol drinking, Cr, UA, triglyceride (TG) and LDL-C. In total ,we found that patients in the high LVFS group are less
likely to occur ACM (HR: 0.458 and 95% CI: 0.302-0.696, P<0.001) and CM (HR: 0.305 and 95% CI: 0.179-0.519, P<0.001) .( Table 3) . In the ACS group, after
performing an adjustment of confounders, the risks for ACM and CM events were still signi�cantly different (HR: 0.473 and 95% CI: 0.290-0.772, P=0.003) and
(HR: 0.393 and 95% CI: 0.213-0.725, P=0.003). In the stable CAD patients, only CM remained signi�cantly different after adjusting for confounders.

Discussion



Page 4/11

In this retrospective cohort study, high LVFS level (≥31%) is associated with an decreased risk of ACM and CM events in patients undergoing PCI. The
association remains signi�cant after adjustments for confounders (ACM, HR: 0.458 and 95% CI: 0.302-0.696, P<0.001; CM, HR: 0.305 and 95% CI: 0.179-0.519,
P<0.001) . In ACS patients, the LVFS was an independent predictor for ACM and CM. In stable CAD patients, the LVFS was an independent predictor only for
CM.

Previous study has shown that asymptomatic left ventricular (LV) systolic dysfunction is associated with adverse outcomes, including heart failure (HF) and
all-cause mortality in the general population[14]. Cheng S et al have also demonstrated that distinct components of LV mechanical function is associated with
speci�c CVD outcomes in large, community‐based sample[15]. LV dysfunction is predictive of early and late mortality after PCI[16]. LVEF, an important marker
of left ventricular systolic function, is ratio of chamber volume ejected in systole (stroke volume) to the volume of the blood in the ventricular end diastolic
phase (end diastolic volume)[6]. And registry data over the past two decades have identi�ed impaired LVEF as an independent predictor of in-hospital
mortality[17]. Patients with stable CAD, LVEF was independently associated with ACM (HR [for EF ≤ 35% vs. EF ≥ 60%] 3.93, 95% CI 2.60—5.93; P < 0.0001)
and with CM (HR 7.12, 95% CI 3.85—13.18; P < 0.0001)[18]. Patients who had LVEF<60% were 1.51 times (95% CI 1.016–2.230, P=0.041) more likely to have
MACE than those who had LVEF≧60% during follow up after undergoing successful primary PCI[19]. However LVFS, as another index of left ventricular
systolic function[20], did not enter the �eld of vision of researchers, almost no research has focus on the relationship between LVFS and clinical outcome of
CAD patients. In our retrospective cohort study, the predictive of LVFS for adverse outcomes is not inferior to LVEF( Figure 1), low serum LVFS level was found
to be independently associated ACM and CM during long term follow up, and this association remained signi�cant after adjustments with some baseline
confounders. 

The mechanism of low LVFS and adverse outcome is thought to be multifactorial. Patients with LV impairment are more likely to occur sudden deaths, the
risk for both sudden death and HF death is more than doubled in the lowest LVEF category[21]. The adverse outcome in the low LVFS group may relate to the
increased likelihood of arrhythmia or haemodynamic decompensation[22], as well as the fact that ischaemic cardiomyopathy is a marker of more extensive
and complex coronary disease, which in turn increases the risk of periprocedural complications[23]. Besides, patients with left ventricular dysfunction tended
to have more severity and complexity of coronary lesions than those with normal left ventricular function[24], resulting in multivessel intervention.

There are several advantages of our study. One strength is the large sample size and the large sample may make our results more reliable. The other strength
is the long-term follow-up for all included patients. Whereas, the limitations in our study should be detailed. First, because of only the baseline LVFS level
collected, the dynamic change of the variable did not be analyzed. Second, this is a single retrospective cohort design. Results of our study need to be further
veri�ed by a multi-center, prospective study.

Conclusions
In conclusion, LV impairment remains a strong predictor of early and late mortality in patients with CAD even after PCI. As a consequence, assessment of LV
function is integral to risk strati�cation and patient optimization before PCI and should be recommended, where feasible, before PCI. In addition to LVEF, LVFS
is also a reliable and independent predictor of adverse outcomes in patients with CAD.
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Variables Total ACS SCAD

Low

(LVFS<31%;

n = 741)

High
(LVFS≥31%;

n =2046)

P Low

 (LVFS< 31%;

n = 581)

High
(LVFS≥31%;

n =1526)

P Low

(LVFS< 31%;

n = 160)

High
(LVFS≥31%;

n =520)

P

Age (years) 64.23±11.29 62.85±10.26 0.004 64.37±11.17 62.95±9.97 0.005 63.83±11.68 62.56±11.05 0.212

Male,

n(%)

547

(74.0%)

1354

(66.2%)

<0.001 428(73.7%) 1009

(66.1%)

0.001 120(75.0%) 345(66.3%) 0.041

Smoking,

n(%)

249(33.7%) 600(29.3%) 0.028 194(33.4%) 442(29.0%) 0.050 56(35.0%) 158(30.4%) 0.285

Alcohol drinking ,

n(%)

128 (17.3%) 327 (16.0%) 0.416 98(16.9%) 243(15.9%) 0.597 30(18.8%) 84(16.2%) 0.468

Diabetes mellitus,

n(%)

202 (27.3%) 444 (21.7%) 0.002 158(27.2%) 341(22.3%) 0.022 44(27.5%) 103(19.8%) 0.048

LVEF (%) 52.55±7.98 63.39±3.74 <0.001 52.89±7.86 63.48±3.62 <0.001 51.45±8.38 63.14±4.06 <0.001

Hypertension,n(%) 383(51.8%) 1159

(56.6%)

0.025 300(51.6%) 880(57.7%) 0.014 84(52.5%) 279(53.7%) 0.856

SBP (mmHg) 129.77±17.72 134.46±17.60 <0.001 129.31±17.41 134.32±17.83 <0.001 131.51±18.65 134.85±16.92 0.035

DBP (mmHg) 78.15±11.14 79.90±11.11 <0.001 77.98±11.16 80.08±11.19 <0.001 78.78±11.03 79.38±10.84 0.544

WBC (x10^9) 7.32±2.62 6.76±1.93 <0.001 7.42±2.74 6.75±1.93 <0.001 6.89±2.05 6.80±1.94 0.581

Hb (g/L) 132.18±15.40 132.60±14.26 0.703 131.63±15.72 132.43±13.97 0.265 134.14±13.94 133.10±15.09 0.446

PLT (x10^9) 206.92±66.82 205.85±58.80 <0.001 206.69±68.29 205.12±57.26 0.125 196.52±59.76 207.98±63.14 0.047

Cr (mmol/L) 76.27±32.19 70.81±35.68 <0.001 76.22±31.02 70.40±23.95 <0.001 76.34±36.15 71.99±57.72 0.375

UA (mmol/L) 307.88±95.16 293.64±81.85 <0.001 306.18±93.39 293.43±81.85 0.002 314.09±101.10 294.26±81.93 0.013

FBG (mmol/L) 6.01±2.69 5.48±1.91 <0.001 6.01±2.75 5.45±1.90 <0.001 5.96±2.48 5.56±1.93 0.040

Albumin (g/L) 40.22±4.56 41.13±4.60 <0.001 40.21±4.57 41.16±4.60 <0.001 40.28±4.53 41.00±4.58 0.087

TG (mmol/L) 1.64±1.15 1.68±1.14 0.395 1.59±1.01 1.69±1.15 0.093 1.83±1.57 1.67±1.11 0.186

TC (mmol/L) 3.88±1.06 3.91±1.00 0.615 3.91±1.05 3.89±1.00 0.702 3.80±1.08 3.96±1.00 0.086

HDL-C (mmol/L) 1.01±0.29 1.05±0.27 0.003 1.01±0.30 1.04±0.26 0.069 1.00±0.25 1.07±0.30 0.008

LDL-C (mmol/L) 2.37±0.83 2.40±0.84 0.439 2.40±0.84 2.38±0.85 0.630 2.56±0.80 2.46±0.82 0.009

CCB, n(%) 99(13.4%) 399(19.5%) <0.001 77(13.3%) 294(19.3%) 0.001 22(13.8%) 105(20.2%) 0.081

β-blocker,

n(%)

363(49.1%) 1052(51.4%) 0.303 285(49.1%) 770(50.5%) 0.592 79(49.4%) 282(54.2%) 0.319

ACEI or ARB, n(%) 231(31.3%) 569(27.8%) 0.079 174(29.9%) 397(26.0%) 0.071 58(36.3%) 172(33.1%) 0.504

Clopidogrel, n(%) 178(24.1%) 486(23.8%) 0.880 142(24.4%) 366(24.0%) 0.820 36(22.5%) 120(23.1%) 0.915

Statin, n(%) 555(75.1%) 1660(81.1%) 0.001 440(75.7%) 1233(80.8%) 0.011 117(73.1%) 427(82.1%) 0.017

Ticagrelor , n(%) 62(8.4%) 187(9.1%) 0.599 51(8.8%) 119(7.8%) 0.474 11(6.9%) 68(13.1%) 0.034

Asprin , n(%) 580(78.5%) 1737(84.9%) <0.001 456(78.5%) 1281(83.9%) 0.004 126(78.8%) 456(87.7%) 0.007

ACS acute coronary syndrome , SCAD stable coronary artery disease,ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor antagonist, CCB
calcium channel blocker, SBP systolic blood pressure, DBP  diastolic blood pressure, BUN blood urea nitrogen, Cr creatinine, UA Uric Acid, FBG fasting blood
glucose, Hb hemoglobin, WBC white blood count, PLT platelet,LVEF Left ventricular ejection fraction, TG triglyceride, TC total cholesterol, HDL-C high-density
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol

Note: The boldfaced values indicate P<0.05.
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Table 2 Outcomes comparison between groups

Variables Total ACS SCAD

Low

(LVFS<31%;

n = 741)

High
(LVFS≥31%;

n =2046)

P Low

 (LVFS<
31%;

n = 581)

High
(LVFS≥31;

n =1526)

P Low

(LVFS<
31%;

n = 160)

High
(LVFS≥31%;

n =520)

P

All-cause
mortality,

n(%)

47(6.4%) 50(2.4%) <0.001 36(6.2%) 36(2.4%) <0.001 11(6.9%) 14(2.7%) 0.027

Cardiac mortality,

n(%)

35(4.7%) 27(2.3%) <0.001 24(4.1%) 21(1.4%) <0.001 11(6.9%) 6(1.2%) <0.001

MACEs,

n(%)

101(13.7%) 220(10.8%) 0.037 74(12.7%) 163(10.7%) 0.190 27(16.9%) 57(11.0%) 0.054

MACCEs,

n(%)

134
(18.1%)

296 (14.5%) 0.020 100(17.2%) 219(14.4%) 0.103 34(21.3%) 77(14.8%) 0.066

ACS acute coronary syndrome , SCAD stable coronary artery disease, MACEs major adverse cardiac events,MACCEs main adverse cardiovascular and
cerebrovascular events

Note: The boldfaced values indicate P<0.05.

 

 

Table 3 Multivariable analyses of LVFS and outcomes 

Outcomes Total ACS SCAD

Adjusted HR 95%CI P Adjusted HR 95%CI P Adjusted HR 95%CI P

All-cause mortality 0.458 0.302-0.696 <0.001 0.473 0.290-0.772 0.003 0.485 0.207-1.136 0.096

Cardiac mortality 0.305 0.179-0.519 <0.001 0.393 0.213-0.725 0.003 0.153 0.046-0.504 0.002

 

MACEs major adverse cardiac events,MACCEs main adverse cardiovascular and cerebrovascular events

Note: The boldfaced values indicate P<0.05.
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Figure 1

The �owchart of patients’ enrollment.
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Figure 2

Receiver-operating characteristic analysis of EF and FS in prediction of adverse outcomes in CAD patients.
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Figure 3

Cumulative Kaplan-Meier estimates of the time to the �rst adjudicated occurrence of ACM and CM in total CAD patients.

Figure 4

Cumulative Kaplan-Meier estimates of the time to the �rst adjudicated occurrence of ACM and CM in ACS patients.

Figure 5

Cumulative Kaplan-Meier estimates of the time to the �rst adjudicated occurrence of ACM and CM in SCAD patients.


