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Abstract. We analyzed the safety and the efficacy of the treat-
ment with elective percutaneous coronary intervention (PCI) in 
patients with coronary heart disease complicated with cardiac 
insufficiency. We enrolled 217 patients diagnosed with chronic 
ischemic heart disease complicated with cardiac failure. 
According to the type of treatment they received, patients 
were divided into 3 groups: i) The conservative treatment 
group with 60 patients (they received standard medication); 
ii) the early PCI group with 82 cases (their condition was stabi-
lized, surgical risk was assessed and PCI was taken as early 
as possible); and iii) the advanced PCI group with 75 cases 
(ischemic myocardium was corrected and then elective PCI 
was applied and for aggravated myocardial ischemia cases, 
PCI was applied after assessing the risk of surgery). Follow‑up 
visits were set for approximately 3 years and clinical outcomes 
were compared. Our results showed that the survival time 
in the early PCI group was significantly prolonged and the 
survival rate was considerably increased during 3 years. Left 
ventricular ejection fraction in the early PCI group markedly 
increased and left ventricular end‑diastolic diameter and 
pro‑BNP level decreased significantly. The occurrence rates of 
perioperative complications in the early PCI group and major 
adverse cardiac events (MACE) during the follow‑up period 
were significantly reduced. Quality of life scores in the early 
PCI group markedly improved. We concluded that in patients 
with coronary heart disease complicated with cardiac insuf-
ficiency, early PCI treatment was safe and effective.

Introduction

Chronic ischemic coronary heart disease is the most common 
underlying cause of acute and chronic cardiac failure (1). 

Results obtained from studies realized by Crusade, Brig and 
COMMIT/CCS‑2 (2) revealed that 1 in 4 patients suffered 
from coronary heart disease complicated with cardiac 
failure. Two‑thirds of patients with coronary disease who 
were treated with conventional percutaneous coronary inter-
vention (PCI), were suffering from cardiac insufficiency to 
varying degrees (3). Treatment guidelines for cardiac failure 
from ACC/AHA published in 2013 and the diagnostic guide-
lines for ESC acute and chronic heart failure published in 
2012 suggested the existence of indications (IC) of CABG or 
PCI in patients with left ventricular dysfunction who still felt 
angina and with right coronary artery anatomy after accepting 
and following GDMT guidelines (4). ESC Guidelines of 
coronary revascularization published in 2014 showed a poor 
prognosis for patients with cardiac failure symptoms after 
a sufficient amount of drug therapy (5). The study strongly 
recommended further revascularization strategies and more 
intensive drug therapy to improve hemodynamics index and 
prognosis. Nevertheless, it is difficult to make a decision on 
the timing of PCI.

Further studies are crucial to have a better understanding 
on whether to emphasize the maximization of drug treatment 
primarily or employ PCI treatment as early as possible. This, 
of course, should be under the premise of fully assessing 
all involved risks. This study summarized the outcome of 
controlled clinical trials designed by the Second Affiliated 
Hospital of Xinjiang Medical University in order to provide 
more rational treatment strategies for patients suffering from 
coronary heart disease complicated with cardiac insufficiency.

Materials and methods

Object data. From January 2012 to January 2013, we enrolled 
217 patients diagnosed with chronic ischemic coronary heart 
disease complicated with cardiac insufficiency. According 
to the type of treatment they received, patients were divided 
into 3 groups: i) The conservative treatment group with 
60 patients (they received ordinary medication); ii) the early 
PCI group with 82 cases (their condition was stabilized, surgical 
risk was assessed and PCI was taken as early as possible); 
and iii) the advanced PCI group with 75 cases (ischemic 
myocardium was corrected and then elective PCI was applied 
and for aggravated myocardial ischemia cases, PCI was 
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operated after assessing the risk of surgery). We obtained 
permission from the Ethics Committee of the Second 
Affiliated Hospital of Xinjiang Medical University hospital 
and informed consent of patients or their families.

Exclusion criteria were: i) Patients with heart failure caused 
by valvular heart diseases; ii) those with primary cardiomy-
opathy and congenital heart disease; iii) patients with acute 
coronary syndrome complicated with heart failure; iv) cases 
with clear right heart failure; v) those with severe hyperten-
sion and diabetes with out‑of‑control standards; vi) those with 
complicated cerebral vascular diseases; vii) patients with 
severe liver and kidney dysfunction; viii) patients with coagu-
lation disorders and severe angina diagnosed by emergency 
treatment of PCI or CABG; ix) patients with severe heart 
failure with poor prognosis; x) cases with allergic to contrast 
medium; xi) those who cannot be prescribed medication; 
and xii) patients with poor compliance and those with inad-
equate follow‑up data. Comparison of baseline data among 
the three groups revealed no statistically significant differ-
ences (P>0.05) (Table I).

Therapeutic method. All the patients were given intensive drug 
treatment including anti‑myocardial ischemia, antiplatelet, 
anticoagulant, lipid‑lowering therapy, anti‑inflammatory, 
antihypertensive treatment, blood glucose control medica-
tion, anti‑ventricular remodeling, positive inotropic drugs and 
vasoactive drugs. We also used diet management (controlling 
sodium and water intake) and reasonable exercise. Additionally, 
cardiac assistance devices such as intra‑aortic balloon counter-
pulsation for patients with unstable condition were employed. 
Use of assisted ventilation was considered for patients with 
respiratory difficulties, and bedside hemofiltration surgery was 
considered to treat patients with acute renal failure. Patients in 
the conservative treatment group were intensively monitored 
for changes in condition and this was done only under the 
basis of strict medical treatment. Emergency PCI or CABG 
surgery was implemented in the context of a full assessment 
for intervention and risks of surgical operation.

Patients in the early PCI group were assessed by PCI, using 
the GRACE scoring system (2). For low‑risk and moderate‑risk 
patients were assessed for implementing intervention therapy 
as early as possible. For high‑risk patients, this was combined 
with the SYNTAX scoring system and a comprehensive 
assessment was used. In the advanced PCI group, elective PCI 

was selected after evaluating the intervention risks. Under 
aggravated conditions with poor drug therapy, emergency PCI 
or CABG surgery was selected after a full evaluation. For 
every patient in each group, we obtained informed consent 
from patients or their families.

Observational index. Patients participated in follow‑up exam-
inations for 3 years on average. We compared the survival 
rate, left ventricular ejection fraction (LVEF), left ventricular 
end‑diastolic diameter (LVEDD) and pro‑BNP level. We also 
compared perioperative complications and the occurrence rate 
of major adverse cardiac events (MACE) during the follow‑up 
period. Differences in life quality score were also compared. 
Pro‑BNP was tested using ELISA [kits were provided by 
Shanghai Hufeng Biotechnology Co., Ltd. (Shanghai, China)]. 
Seattle Angina Questionnaire (SAQ) was used as a reference 
to test the life quality score which included five major items 
and 19 entries, the higher the score, the better the quality of 
life.

Statistical analysis. SPSS 20.0 (IBM SPSS, Armonk, NY, 
USA) was used for data analysis. Quantitative data were 
reported as mean ± standard deviation and comparisons 
among many groups were made using single‑factor ANOVA. 
Comparisons between groups were conducted using the inde-
pendent sample t‑test and qualitative data were expressed as 
number of cases or a percentage. Comparisons among groups 
were made using χ2 test and the survival period was calculated 
using the Kaplan‑Meier (KM) method (log‑rank test). P<0.05 
was considered to indicate a statistically significant difference.

Results

Comparison of survival rates during a period of 3‑years. The 
median survival time in the early PCI group, the advanced PCI 
group and the conservative treatment group was 38, 36 and 
33 months, respectively. Median survival time was significantly 
longer in the early PCI group (χ2=171.610, P<0.001) (Fig. 1). 
During the 3‑year follow‑up we recorded 16 cases of cardiac 
death in the early PCI group (19.5%), 22 cases in the advanced 
PCI group (29.3%) and 35 cases died in the conservative treat-
ment group (58.3%). The 3‑year survival rate in the early PCI 
group was significantly increased and the difference had statis-
tical significance (χ2=24.343, P<0.001).

Table I. Comparison of baseline data among 3 groups.

    Duration of Acute heart  Chronic
 Case  Average age ischemia failure, Classification heart failure, Classification
Groups no. Male/female (years) (years) case (%) (Killip) case (%) (NYHA)

Conservative 60 36/24 65.4±12.6 4.2±1.3 12 (20.0) 1.6±0.5 48 (80.0) 2.2±0.6
treatment
Early PCI 82 46/36 64.8±13.5 4.4±1.5 18 (22.0) 1.7±0.6 64 (78.0) 2.3±0.8
Advanced PCI 75 39/36 65.3±14.2 4.3±1.6 15 (20.0) 1.6±0.4 60 (80.0) 2.2±0.7
F‑value (χ2)  0.871 0.632 0.329 0.118 0.847 0.118 0.947
P‑value  0.647 0.525 0.217 0.943 0.636 0.943 0.828

PCI, percutaneous coronary intervention; NYHA, The New York Heart Association.
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Comparison among LVEF, LVEDD and pro‑BNP levels. LVEF 
in patients in all three groups was improved after treatment, 
while LVEDD and pro‑BNP levels both decreased. The early 
PCI group had improved more significantly and all differences 
were statistically significant (P<0.05) (Table II).

Comparison of occurrence rate of perioperative complica‑
tions and MACE. There were 15 cases of emergency PCI 
and 7 cases of CABG in the conservative treatment group. In 
the advanced PCI group, we had 56 cases of normal elective 
PCI, 13 cases of emergency treatment in PCI and 6 cases of 

CABG. In the conservative treatment group we had several 
perioperative complications with the occurrence rate of 22. 
Perioperative complications and MACE occurrence rate 
during the follow‑up period were significantly reduced in the 
conservative treatment group and the difference had statistical 
significance (P<0.05) (Table III).

Comparison of life quality score. The average life quality 
score for the conservative treatment group, the early PCI 
group and the advanced PCI group was 68.7±9.2, 82.5±10.3 
and 75.4±13.6, respectively. Life quality score in the early PCI 
group improved significantly and the difference had statistical 
significance (F=10.325, P=0.007).

Discussion

It has been shown that revascularization may bring benefit 
to cardiac patients (6) by restoring the normal function after 
improving ischemia. Physiological mechanisms of heart 
failure are mainly ventricular remodeling (geometric structure, 
quality and capacity) which manifest itself from a few days 
to a few months. Patients with serious cardiac insufficiency 
caused by ACS complicated with severe heart failure, chronic 
ischemic heart disease and coronary heart disease associated 
with other types of heart disease (valvular heart disease) can 

Figure 1. Kaplan‑Meier analysis of survival time.

Table II. Comparison among LVEF, LVEDD and pro‑BNP levels.

Groups LVEF (%) LVEDD (mm) pro‑BNP (pg/ml)
 --------------------------------------------------------- ------------------------------------------------------ --------------------------------------------------------------
 Before After Before After Before After
 treatment treatment treatment treatment treatment treatment

Conservative 38.6±5.2 43.4±3.4 58.2±2.4 56.7±2.4 1256.4±42.6 864.5±32.9
treatment
Early PCI 37.7±5.5 55.2±3.3 58.6±2.5 53.2±2.5 1320.6±46.5 524.6±34.2
Advanced PCI 38.2±5.3 48.5±3.5 58.5±2.3 55.8±2.6 1274.5±48.2 720.3±35.7
F‑value 0.626 7.624 0.963 6.549 0.526 6.754
P‑value 0.532 <0.001 0.754 <0.001 0.423 <0.001

LVEF, left ventricular ejection fraction; LVEDD, left ventricular end‑diastolic diameter; PCI, percutaneous coronary intervention.

Table III. Comparison of occurrence rate of perioperative complications and MACE, proportion (%).

  Acute renal
 Exacerbation failure and     Exacerbation Recurrence Target MACE
 of heart respiratory  Severe Surgical Perioperative of heart of angina vessel occurrence
Groups failure failure Death hemorrhage failure complications failure pectoris revascularization rate

Conservative 5 2 3 2 6 18 (81.8) 10 13 10 33 (55.0)
treatment
Early PCI 4 2 2 2 2 12 (14.6) 8 5 6 19 (23.2)
Advanced 9 4 3 3 4 23 (30.7) 10 10 10 30 (40.0)
PCI
χ2      37.635    15.170
P‑value      <0.001    0.001

MACE, major adverse cardiac events; PCI, percutaneous coronary intervention.
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benefit from elective PCI (7). For patients with severe heart 
failure and adequate drug therapy (ACET class, β‑blockers, 
aldosterone receptor antagonists and diuretics) is essential 
and blood supply recanalization on myocardial salvage is 
necessary for improving their cardiac function (8). However, 
interventional treatment for such patients should be initiated 
only after full consideration of various factors and after devel-
oping a detailed plan for interventional therapy. Risks involved 
with the therapy should be explained to patients' families and 
suitable percutaneous intervention support equipment (IABP, 
ECMO) should be considered to save myocardium and improve 
heart function (9). Guidelines for myocardial revascularization 
of ESC/EACTS published in 2014 suggested that, patients with 
stable angina or silent myocardial ischemia can be treated with 
PCI (IA) (5). Left ventricular systolic dysfunction (ejection 
fraction ≤35%) in patients with chronic heart failure could 
be treated with PCI. Interventional treatment of severe heart 
failure needs to ensure the safety of patients during the pre‑, 
intra‑ and post‑operation periods in order to improve the 
prognosis. There are six important elements to be considered: 
i) Puncture pathway: Femoral artery may be the most appro-
priate site (10). Radial artery is another option, considering the 
tolerance of patients. ii) Use of anticoagulants: Appropriate 
anticoagulant therapy depends on the type of surgical inter-
vention, type of drug and mechanical devices. Anticoagulant 
treatment used in general high‑risk interventions is similar to 
the method used in conventional interventions. The activated 
coagulation time in such patients must be maintained over 
300 sec using unfractionated heparin (11). Aspirin should be 
administered routinely, while thienopyridine‑type drugs (clopi-
dogrel, ticagrelor) through stent implantation are routinely 
used. iii) Operation time: Patients with severe illness and poor 
tolerance need shortening of the operation time, thus it may 
be a proper choice to perform an intense intervention in large 
blood supply area and vessels influencing cardiac function. This 
intervention should especially be focused on the left anterior 
descending revascularization, partial revascularization or stage 
revascularization (12). iv) The type and amount of contrast 
agent: The contrast agent selection may play an important 
role in reducing the risks involved in surgical intervention for 
high‑risk patients (13). Isotonic and non‑ionic contrast agents 
may cause few side effects such as hemodynamics and kidney 
damage, while they are better tolerated by high‑risk patients. 
The dose of contrast agent should be minimized during the 
operation because excessive use of the agent within a short 
period of time may lead to acute pulmonary edema. v) Sedation 
applications: Strengthening sedation before, during and after 
operation is important to catatonics. Morphine is a proper seda-
tive with certain effect on the prevention and the treatment of 
acute pulmonary edema. Patients with pulmonary edema can 
use a ventilator. The curative effect is good, and the safety and 
success rate of the operation is high (14). vi) Use of medica-
tion: Drug use after operation and during the follow‑up period 
must be strictly controlled, which is important to single patency 
artery intervention. The single patency artery often has a large 
area of blood supply and supplies the occlusive artery through 
collateral vessels. Once the acute or subacute occlusion occurs, 
it can be fatal to patients (15).

In summary, results have shown that the early PCI group 
survival time was prolonged significantly and the 3‑year 

survival rate was increased as well. Mortality rate increased 
in the conservative group. During the treatment and follow‑up 
period, the rate of emergency intervention or operative treat-
ment reached 36.7%, which probably was the main reason for 
the perioperative complication rate increase. Perioperative 
complications and the follow‑up MACE rate in the early PCI 
group were reduced significantly. Worsening heart condition, 
heart failure and operation failure were the main periop-
erative complications observed during the study. This finding 
suggested the probability of an increased risk in patients who 
had emergency intervention or operation for their cardiac insuf-
ficiency. LVEF of the early PCI group increased significantly, 
while the LVEDD and pro‑BNP level clearly decreased. This 
result suggested that PCI should conduct reversible ventricular 
remodeling and improve heart function as early as possible. 
Moreover, the life quality score in the early PCI group was 
improved significantly, which greatly improved the long‑term 
life quality of heart failure patients. We concluded that the 
early PCI treatment in coronary artery disease patients with 
heart dysfunction is safe and effective.
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