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Effect of coronary collate
ral circulation on the
prognosis of elderly patients with acute ST-
segment elevation myocardial infarction treated
with underwent primary percutaneous coronary
intervention
Ai-Ai Chu, PhDa, Wei Li, BSb, You-Qi Zhu, BSc, Xiao-Xue Meng, MDc, Guo-Yong Liu, PhDc,d,∗

Abstract
Investigate the effect of coronary collateral circulation (CCC) on the prognosis of elderly patients with acute ST-segment elevation
myocardial infarction (STEMI) and acute total occlusion (ATO) of a single epicardial coronary artery.
Three hundred forty-six advanced-age patients (age ≥60 years) with STEMI and ATO who underwent primary percutaneous

coronary intervention (PCI) were enrolled in this study. According to the Rentrop grades, the patients were assigned to the poor CCC
group (Rentrop grade 0–1) and good CCC group (Rentrop grade 2–3).
Multivariate logistic regression analysis revealed that poor coronary collateral circulation was an independent factor for Killip class

≥2 (odds ratio [OR]: –1.559; 95% confidence interval [CI]: 1.346–2.378; P= .013), the use of an intra-aortic balloon pump (IABP) (OR:
–1.302; 95% CI: 0.092–0.805; P= .019), and myocardial blush grade (MBG) 3 (OR: 1.516; 95% CI: 2.148–9.655; P< .001). We
completed a 12-month follow-up, during which 52 patients (15.0%) were lost to follow-up and 19 patients (5.5%) died. Univariate
analysis (Kaplan–Meier and log-rank tests) suggested that poor CCC had a significant effect on all-cause mortality (P= .046), while
multivariate analysis (Cox regression analysis) indicated that CCC had no statistically significant effect on all-cause mortality (P= .089)
after the exclusion of other confounding factors. After excluding the influence of other confounding factors, this study showed that the
mortality rate increased by 26.9% within 1 year for every 1-hour increment of time of onset. The mortality rate in patients with Killip
class≥2was 8.287 times higher than that in patients with Killip class 0 to 1. Themortality rate in patients over 75 years was 8.25 times
higher than that in patients aged 60 to 75 years. Themortality rate in patients with myocardial blush grade 3 (MBG 3) was 5.7% higher
than that in patients with MBG 0–2.
The conditions of CCC in the acute phase had no significant direct effect on all-cause mortality in patients, but those with good

CCC had a higher rate of MBG 3 after primary PCI and a lower rate of Killip ≥2.

Abbreviations: AMI= acute myocardial infarction, ATO= acute total occlusion, CABG= coronary artery bypassing grafting, CCC
= coronary collateral circulation, CI = confidence interval, CTO = total coronary artery occlusion, DAPT = dual anti-platelet therapy,
FPG = fasting blood glucose, HDL = high-density lipoprotein cholesterol, IABP = intra-aortic balloon pump, LDL = low-density
lipoprotein cholesterol, MBG = myocardial blush grade, OR = odds ratio, ORT = onset-to-reperfusion time, PCI = percutaneous
coronary intervention, STEMI = ST-segment elevation myocardial infarction, TC = total cholesterol, TG = triglyceride, TIMI =
thrombolysis in myocardial infarction.
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1. Introduction

Percutaneous coronary intervention (PCI) has been the best
treatment option for patients with acute ST-segment elevation
myocardial infarction (STEMI). Although epicardial blood
flow has been successfully restored after primary PCI,
myocardial reperfusion and left ventricular function recovery
are usually not ideal.[1–6] Studies have shown that the degree of
myocardial damage before the reperfusion of epicardial blood
flow is an important determinant ofmyocardial reperfusion,[7,8]

that is, adequate preoperativemyocardial protection appears to
be important to obtain satisfactory reperfusion results.
Coronary collateral circulation (CCC) is a self-preservation
of blood supply during myocardial ischemia. Therefore, the
presence of CCC after acute coronary occlusion may play a key
role in preoperative myocardial protection and may also affect
the prognosis in STEMI patients. However, previous studies
have suggested that the effects of CCC on the prognosis of acute
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myocardial infarction (AMI) are debatable.[9] The reason
may be related to the heterogeneity of the subjects and
different definitions of the primary endpoint. In our precious
study,[10] we investigated the association between triglyceride
(TG)/high-density lipoprotein (HDL) ratio and development of
CCC in elderly population with STEMI and acute total
occlusion (ATO), and considered that TG/HDL ratio is
an independent risk factor for the poor development of
CCC. This study was designed to investigate the effects of
CCC on in-hospital clinical status all-cause mortality in
elderly STEMI patients with single epicardial vascular occlu-
sion who underwent successful primary PCI with no>12hours
after onset.

2. Subjects and methods

2.1. Research subjects

Three hundred forty-six elderly patients (age ≥60 years) with
STEMI and acute coronary occlusion (ATO) who were
admitted to the Department of Cardiology, the First Hospital
of Lanzhou University, China from September 2014 to March
2017 were enrolled in this study. Moreover, these patients
underwent coronary angiography and successful primary PCI
within 12hours after onset. All patients were either treated
directly at the emergency chest pain center of our hospital or
transferred from the local county hospital. According to
Rentrop grade, the patients were assigned to the poor CCC
group (Rentrop grade 0–1) and good CCC group (Rentrop
grade 2–3). Left main coronary occlusion, combined with
occlusion of non-culprit vessel verified by angiography,
previous myocardial, history of PCI or coronary artery bypass
grafting, peripheral artery disease, stroke, abnormal status
including chronic inflammatory or autoimmune disease, etc.,
were excluded.
According to the Rentrop grades, a total of 346 patients were

assigned to the poor CCC group (Rentrop grade 0–1) and good
CCC group (Rentrop grade 2–3).
This retrospective study was approved by the Ethics Commit-

tee of the First Hospital of Lanzhou University. All patients have
signed the informed consent form.

2.2. Data collection

The highly trained researchers retrospectively reviewed the
medical records of all patients. All blood samples were collected
before procedures and processed within half an hour.
Biochemical indicators including fasting blood glucose
(FPG), total cholesterol (TC), high-density lipoprotein choles-
terol (HDL), low-density lipoprotein cholesterol (LDL), and
triglyceride (TG) were tested by a hospital clinical laboratory
using an automated biochemical analyzer (Beckman coulter
UniCel D�800 Synchron, USA). NT-proBNP was tested by
specialists in the CCUward using a bedsidemeter (Roche Cobas
e411, Switzerland).

2.3. Assessment of Killip classification, TIMI blood flow
grade, myocardial blush grade (MBG), the Gensini scoring,
and the Rentrop grading

Killip classification[11] is used to assess the cardiac function of
patients with AMI and includes 4 categories: Class I, no rales or
crackles in the lungs and no S3; Class II, rales or crackles in the
2

lungs, but the range of the rales is<1/2 of the lung field; Class III,
the range of rales in the lung is >½ of the lung field (pulmonary
edema); and Class IV, shock.
TIMI blood flow grade[12] (range, 0–3) reflects the degree of

coronary blood flow during coronary angiography, as follow:
TIMI 0, no perfusion, or the absence of any antegrade flow
beyond a coronary occlusion; TIMI 1, penetration without
perfusion, of faint antegrade coronary flow beyond the occlusion,
with incomplete filling of the distal coronary bed; TIMI 2, partial
reperfusion, or delayed or sluggish antegrade flow with complete
filling of the distal territory; and TIMI 3, normal flow, filling the
distal coronary bed completely.
MBG[13] was grade by evaluating myocardial reperfusion

during coronary angiography. Grade 0: no myocardial blush or
contrast density; grade 1: minimal myocardial blush or contrast
density; grade 2: moderate myocardial blush or contrast
density, but less than myocardial blush or contrast density in
the ipsilateral or contralateral non-infarct-related angiography;
grade 3 normal myocardial blush or contrast density,
comparable myocardial blush or contrast density in the
ipsilateral or contralateral non-infarct-related angiography.
MBG 0–1, no perfusion of the myocardium; MBG 2, partial
reperfusion of myocardium; MBG 3, complete reperfusion of
myocardium.
Rentrop grade[14] is used to assessing the level of coronary

circulation based on coronary angiography. Grade 0, no fillings;
grade 1, filling of side branches of the occluded artery, with no
dye reaching the epicardial segment; grade 2, partial filling of the
epicardial vessel; grade 3, complete filling of epicardial vessel by
collateral vessels. We defined Rentrop grade 0–1 as poor
coronary collateral circulation and Rentrop grade 2–3 as good
coronary collateral circulation.
The Gensini scoring system[15] is derived from the American

Heart Association’s criteria for the evaluation of coronary artery
image scores: the degree of stenosis is defined as the degree of
stenosis at the most severe stenosis site. A percent diameter
stenosis<25% is defined as 1 point, ≥25% to<50% as 2 points,
≥50% to <75% as 4 points, ≥75% to <90% as 8 points, ≥90%
to <99% as 16 points, and ≥99% as 32 points. According to the
different coronary artery branches, the above scores were
multiplied by a corresponding coefficient: 5 for the left main
branch lesions, 2.5 and 1.5 for the proximal and middle segment
lesions of the left anterior descending branch, respectively, 1 and
0.5 for D1 and D2 in the diagonal branches, respectively, 2.5 and
1 for the proximal and distal segment lesions of the left
circumflex, respectively, and 1 for the proximal, middle, distal,
and posterior descending branch lesions of the right coronary.
The sum of the scores of each lesion is the total score of the degree
of coronary artery stenosis in a patient. Meanwhile, according to
the total score, the degree of coronary artery stenosis was divided
into mild (<50 points), moderate (≥50 to <80 points) and
moderate (≥80 points).
2.4. Clinical endpoints and follow-up

The cardiovascular medical professionals completed the
follow-up phone calls in all patients at scheduled time-points.
Adverse events, mainly all-cause death, were documented. The
follow-up was performed in all patients at 1, 3, 6, and 12
months after discharge from the hospital over the phone call.
Early or delayed follow-up was within a week of the scheduled
time point.
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2.5. Statistical analysis

All statistical analyses were performed using SPSS 22.0 for
Windows (SPSS Inc., Chicago, IL). The quantitative variables were
expressed as the means± standard deviation. The categorical
variables were expressed as percentages. Chi-square test was used
to compare the difference in the categorical variables between the
groups. The t test was used to compare the quantitative variables
with normal distribution between groups. The Mann–Whitney U
testwasused to compare thedatawithoutnormal distribution.The
Kolmogorov–Smirnov testwas used to test the normal distribution
of the quantitative variables. Multivariate logistic regression
analysis was performed to evaluate the effect of collateral
circulation on the treatment outcomes and measures. Univariate
analysis (Kaplan–Meier and log-rank tests) was used to screen for
factors affecting death, and Cox regression analysis was used to
evaluate factors with significant effects on mortality. P< .05 was
considered statistically significant.
Table 1

Baseline characteristics.

Poor collateral circulatio

Age, y 68.2±6.
Male (n, %) 186 (78.
Time of onset, h 4.10±2.6
History of previous angina (n, %) 106 (44.
History of diabetes (n, %) 34 (14.3
History of hypertension (n, %) 80 (33.6
History of hyperlipidemia (n, %) 11 (3.2
Currently smoking (n, %) 136 (57.
Family history of premature coronary heart disease (n, %) 6 (2.5)
Preoperative systolic blood pressure, mmHg 116.1±23
Preoperative diastolic blood pressure, mmHg 95.0±16
BMI, kg/m2 25.87±6.
eGFR, mL/min·1.73m2 103.2±32
Blood glucose, mmol/L 8.95±3.8
TC, mmol/L 4.83±1.0
LDL, mmol/L 3.19±0.8
HDL, mmol/L 1.04±0.2
TG, mmol/L 2.74±1.6
Preoperative intravenous thrombolysis therapy (n, %) 4 (1.7)
DAPT duration
Program 1(m, n) 10.91±2.73
Program 2(m, n) 11.22±2.81
Program 3(m, n) 10.11±3.21
Stent
Length, mm 21.23±7.
Number 1.51±0.7
Coronary artery vessel lesion
1-vessel lesion (n, %) 47(19.75
2-vessel lesion (n, %) 143(60.0
3-vessel lesion (n, %) 48(20.17
Circumflex occlusion (n, %) 52 (21.8
Right coronary occlusion (n, %) 74 (31.1
Anterior descending branch occlusion (n, %) 112 (47.
Preoperative NT-proBNP, pg/mL 545.2±30
Killip classification ≥2 (n, %) 29 (12.2
Use of IABP (n, %) 45 (18.9
Postoperative MBG 3 (n, %) 45 (21.6
Postoperative LVEF (%) 43.9±11
Death (n, %) 17 (7.1

BMI=body mass index, DAPT=dual anti platelet therapy, eGFR= estimated glomerular filtration rate, HD
cardiac left ventricular ejection fraction, m=month, MBG=myocardial blush grade, Program 1=Asprin (1
3=Asprin + Clopidogrel, replace clopidogrel with ticagrelor 1 month later, TC= total cholesterol, TG=
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3. Results

3.1. Baseline

The baseline characteristics of patients based on the assessment of
poor or good coronary collateral circulation are shown in Table 1.
No significant differences were found between the 2 groups in
angiographic features, including coronary arterial dominance and
the Gensini score. There was no significant difference in the type
and duration of dual anti-platelet therapy between the 2 groups.
No significant differences were found between the 2 groups in the
length and number of stents, antithrombotic therapy, and the
number of coronary artery vessel lesion. However, significant
differences were noted in the time of onset, preoperative
intravenous thrombolysis, triglyceride (TG) level, high-density
lipoprotein (HDL) level, and acute occlusion of the coronary
arteries. Statistical differences were also detected in Killip grading
and the use of IABP, MBG, and death between the groups.
n group (n=238) Good collateral circulation group (n=108) P value

2 66.7±5.1 .03
2) 88 (81.5) .48
6 6.73±2.19 <.001
5) 50 (46.3) .76
) 18 (16.7) .57
) 42 (38.9) .34
) 2 (1.9) .34
1) 62 (57.4) .96

2 (1.9) .70
.15 114.0±27.2 .46
.8 90.3±21.5 .50
68 26.07±6.10 .80
.0 98.6±32.8 .22
4 8.88±4.14 .87
0 4.76±1.19 .54
0 3.09±0.95 .33
3 1.11±0.25 .02
5 1.88±1.09 <.001

12 (11.1) <.001
.117

(71) 11.31±2.15(30) .413
(145) 11.57±2.33(67) .387
(22) 10.47±1.73(11) .255

21 22.31±8.95 .233
4 1.65±0.96 .140

.194
) 17(15.74)
8) 60(55.56)
) 31(28.70)
) 6 (5.6) <.001
) 58 (53.7) <.001
1) 44 (40.7) .27
1.7 512.8±281.5 .08
) 4 (3.7) .01
) 6 (5.6) <.001
) 38 (27.8) .001
.3 45.7±10.5 .08
) 2 (1.9) .046

L=high-density lipoprotein, IABP= intra-aortic balloon pump, LDL= low-density lipoprotein, LVEF=
00mg qd) + Clopidogrel (75mg qd), Program 2=Asprin (100mg qd) + Tigrilo (90mg Bid), Program
triglyceride.

http://www.md-journal.com


Table 2

Effect of collateral circulation on the treatment outcomes and measures by multivariate logistic regression analysis.

B value Std. Error P value Exp(B) 95% CI for Exp(B)

Killip Class ≥2 (1= yes; 0=no) �1.559 0.631 .013 0.210 0.061–0.724
Use of IABP (1= yes; 0=no) �1.302 0.553 .019 0.272 0.092–0.805
Postoperative MBG 3 (1= yes; 0=no) 1.516 0.383 <.001 4.554 2.148–9.655

IABP= intra-aortic balloon pump, MBG=myocardial blush grade.
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3.2. Multivariate logistic regression analysis to evaluate
the effect of collateral circulation on the treatment
outcomes and measures

Killip class ≥2, the use of IABP, and postoperative MBG 3 were
the dependent variables, while age, occlusion of the correspond-
ing coronary artery, the time of onset, preoperative thrombolysis,
the TG level, the HDL level, and the selection of a good collateral
circulation group (1=yes, 0=no) were independent variables in
themultivariate logistic regression analysis. The effect of the good
or poor collateral circulation group on the dependent variable
was evaluated (Table 2).
3.3. Univariate analysis (Kaplan–Meier and log-rank tests)
and multivariate analysis (Cox regression analysis) of
coronary collateral circulation for all-cause mortality

We completed the 12-month follow-up, during which 52 patients
(15.0%) were lost to the follow-up, and 19 patients (5.5%) died.
Univariate analysis (Kaplan–Meier and log-rank tests) suggested
that poor coronary collateral circulation had a significant effect
on all-cause mortality (P= .046), while multivariate analysis
(Cox regression analysis) indicated that coronary collateral
circulation had no statistically significant effect on all-cause
mortality (P= .089) after adjustment for the time of onset, Killip
grade, MBG, age, and LVEF (see Fig. 1).
Figure 1. Effect of collateral circulation on death by univariate and multivariate ana
the effect of coronary collateral circulation (good group vs poor group) on death.
coronary collateral circulation on death with adjustment for the time of onset, Killip
MBG=myocardial blush grade.

4

3.4. Identified factors affecting all-cause mortality by Cox
regression analysis

After excluding the influence of other confounding factors,
including HDL, TG, preoperative intravenous thrombolysis and
LVEF, this study showed that the mortality rate increased by
26.9% within 1 year for every 1-hour increment of the time of
onset. The mortality rate in patients with Killip grade ≥2 was
8.287 times higher than that in patients with Killip grade 0–1.
The mortality rate in patients over 75 years was 8.25 times higher
than that in patients aged 60 to 75 years. The mortality rate in the
patients with MBG 3 was 5.7% higher than that in the patients
with MBG 0–2 (Table 3).
4. Discussion

The enrolled patients in this study were elderly patients with
STEMI and aged over 60 years. The time of onset was no more
than 12hours, and single major epicardial coronary artery
occlusion was identified. The degrees of stenosis of the culprit
vessels were consistent (100%). Moreover, we performed
Kaplan–Meier and log-rank tests showing that the Gensini
scores (including mild, medium, and severe groups) were not
significantly different, indicating that the degree of stenosis of the
entire coronary system was consistent. We defined the criteria for
successful primary PCI as a postoperative thrombolysis. In
lyses. Panel A. Univariate analysis (Kaplan–Meier and log-rank tests) to assess
Panel B. Multivariate analysis (Cox regression analysis) to assess the effect of
grade, MBG, age, and LVEF. LVEF=cardiac left ventricular ejection fraction,



Table 3

Cox regression analysis for death.

B SE Wald P Exp(B) 95.0% CI for Exp(B)

Time of onset, h 0.239 0.089 7.206 .007 1.269 1.066–1.511
Killip class ≥2 (1= yes; 0=no) 2.115 0.598 12.484 <.001 8.287 2.564–26.780
Postoperative MBG3 (1= yes; 0=no) �2.870 1.098 6.827 .009 0.057 0.007–0.488
Age (1=>75 years; 0=60–75 years) 2.110 0.514 16.863 <.001 8.250 3.013–22.588

Statistically significant outcomes (P< .05) were obtained from the Cox regression model by including variables (collateral circulation grade, time of onset, Killip classification, postoperative MBG and age) that were
statistically significant (P< .1) in the univariate analysis and LVEF.
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myocardial infarction (TIMI) blood flow level >3 but not
between 2 and 3. The above-depicted inclusion criteria make the
research population highly homogeneous with better compara-
bility.
Previous studies have shown that MBG, which describes the

effectiveness of myocardial reperfusion, is an independent
predictor of long-term mortality after reperfusion therapy in
patients with AMI. A higher MBG is associated with a lower
incidence of major adverse cardiac events, including reinfarction
and sudden cardiac death.[13,16] Significant variables, including
the level of TG and HDL, the rate of preoperative intravenous
thrombolysis, circumflex occlusion and right coronary occlusion,
and the percentage of postoperativeMBG 3, Killip ≥2, and use of
IABP were determined after univariate analysis. But the
multivariate logistic regression analysis showed that patients
with good coronary collateral circulation had a higher rate of
postoperative MBG 3 (4.554 times) and a lower rate of Killip ≥2
(0.21 times) and a lower rate of the use of IABP (0.272 times) than
patients with poor coronary collateral circulation; this result
indicated that good coronary collateral circulation can improve
myocardial perfusion after primary PCI, thereby protecting
cardiac function and reducing the use of IABP. These results are
consistent with those in previous studies.[13,16,17]

The long-term impact of coronary collateral circulation on
death in patients with AMI has been debated. Boehrer et al[18]

studied 146 patients with AMI who had complete occlusion of
the culprit vessels but no significant stenosis in the non-culprit
vessels for >12 years. These patients were divided into 2 groups
according to whether there was infarct-related collateral
circulation. No significant difference was found in the mortality
between the groups after the 12-year follow-up (16% for those
with collateral circulation and 19% for those without collateral
circulation). Antoniucci et al[19] compared 1164 patients with
AMI who underwent primary PCI within 6hours after onset.
These patients were divided into 2 groups according to the
existence of infarct-related collateral circulation. After a 6-month
follow-up, multifactorial Cox regression analysis showed no
correlation between collateral circulation and death. Elsman
et al[17] also completed a 1-year follow-up in 1059 patients with
AMI who underwent primary PCI within 6hours after onset. The
patients were divided into 3 groups according to Rentrop grading
(Grade 0, 1, and 2–3); the survival rates of the 3 groups after 1
year (95%, 96%, and 97%, respectively) were not significantly
different. Meier et al[20] analyzed patients with acute coronary
syndrome who underwent primary PCI and found no statistically
significant difference in the mortality of patients with or without
coronary collateral circulation. A meta-analysis has shown that
the risk of death in patients with coronary heart disease and good
collateral circulation is 36% lower (P= .005) than that in patients
with poor collateral circulation. Subgroup analysis of this study
5

showed statistical significance of the risk of death in patients with
stable coronary heart disease but not in patients with subacute
myocardial infarction and AMI.[21] In another study,[22] patients
with subacute myocardial infarction within 3 to 28 days after
onset were followed up for 60 months, and the mortality of the
patients with good collateral circulationwas significantly reduced
(P= .009).
Although controversial, we found through literature analysis

that, for patients with AMI, especially those who developed the
condition less than 6hours after onset and underwent primary
PCI, no significant relationship was detected between coronary
collateral circulation and death. This finding is consistent with
our results. However, the largest difference between our and
other studies is that our selected subjects were more comparable
because they were elderly patients with STEMI who had a single
epicardial vascular occlusion and underwent successful PCI
within 12hours after onset. Additionally, the Gensini scores were
similar in both groups, and we defined the successful criteria for
primary PCI as postoperative blood flow at TIMI level 3, while
the criteria in other related studies were postoperative blood flow
at TIMI level 2–3. Furthermore, there was no significant
difference in the type and duration of dual anti-platelet therapy
(DAPT) between the 2 groups. The PLATO study demonstrated
superiority of ticagrelor over clopidogrel in the prevention of
ischemic events in patients with acute coronary syndromes.[23] In
the PLATO (PLATelet inhibition and patient Outcomes)
PLATELET substudy, Ticagrelor achieves greater antiplatelet
than clopidogrel in patients with acute coronary syndromes, both
in the first hours of treatment and during maintenance
therapy.[24] The 12-month duration of DAPT was implemented
in our study, which was recommended by the European and
American guidelines.[25,26] Thus, the research population was
within the ideal range as much as possible in this study, reducing
the interference of other factors on the research results; therefore,
our research results are more reliable.
Previous studies concerning total coronary artery occlusion

(CTO) have basically shown that patients with stable angina
combined with CTO[27] or patients with AMI combined with
CTO[28] can improve the survival rate of patients with good
coronary collateral circulation compared with those with CTO-
related poor collateral circulation. The survival rate was
increased by 66.7% in the former group[27] and by 50% in
the latter.[28] However, this study suggests that the effects of
coronary collateral circulation on ATO are different than those
on CTO. The causes may be the following: the blood flow of the
collateral circulation in the acute phase provides insufficient
perfusion to the myocardial infarction area, that is, the blood
supply of the collateral circulation is quantitatively different from
the blood supply of the occluded large coronary artery and is not
sufficient to reverse the effects of coronary occlusion and

http://www.md-journal.com
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reperfusion. A study[9] has shown that, in the initial 6hours after
AMI, only the collateral circulation associated with the infarcted
area is visible in 48% patients and reaches 92% in 1 to 14 days,
but the magnitude of these collateral circulation blood flows is
relatively lower (Rentrop grade 0–1) in the acute phase. Our
study has shown that, within 12hours after AMI, the composi-
tion ratios of the collateral circulation with Rentrop grades 0, 1,
2, and 3 are 45.7%, 23.1%, 27.2%, and 4.0%, respectively.
Rentrop grade 0–1 accounted for 68.9% of all grades. The low
flow has a limited protective effect on the myocardium. Although
the mortality was higher in patients without reperfusion therapy,
that is, 16% in patients with collateral circulation and 19% in
patients with collateral circulation, no significant difference was
observed between the groups.[29] Furthermore, the mortality rate
of patients with AMI who underwent primary PCI was lower.
The mortality rates in patients with Rentrop grades 0, 1, and 2–3
were 5%, 4%, and 3%, respectively, but there was still no
significant difference between them.[30] This result indicates that
the presence of good collateral circulation in the acute phase of
myocardial infarction has a limited impact on death, and themost
influential factor for death is whether the culprit vessel is
recanalized quickly[2]; thus, it is related to the dynamic changes in
coronary collateral circulation. Time is an important factor for
the formation of collateral circulation. As long as stenosis or
complete occlusion exists, the degree of good collateral
circulation is eventually increased over time. On the other hand,
if the occluded blood vessels have been recanalized, the collateral
circulation will gradually subside over time, and good collateral
circulation can become poor collateral circulation. In the current
study, there was significant differences in the time of onset and
preoperative intravenous thrombolysis between poor coronary
collateral circulation group and good coronary collateral
circulation group. In a retrospective analysis of clinic and
imaging data of 554 consecutive patients, Kim et al[31] proved
that earlier successful recanalization was strongly associated with
good outcome in poor collateral group; however, this association
was weak during the tested time window in good collateral
group. This suggests that the onset-to-reperfusion time (ORT)
window for good outcome can be adjusted according to collateral
status. Recently, Toumpoulis et al[32] compared the long-term
survival of patients subjected to coronary artery bypassing
grafting (CABG) after thrombolysis to those without thrombol-
ysis, and demonstrated increased long-term survival of patients
after thrombolysis. Therefore, we speculated that the onset time
and preoperative intravenous thrombolysis may have an impact
on the prognosis, which requires us to be more rigorous in
subsequent studies. The subjects in this study are those who
underwent successful primary PCI. During the 1-year follow-up,
in theory, good collateral circulation in most patients will
gradually become poor collateral circulation. Based on the
abovementioned 2 points, for patients with ATO who have
undergone successful primary PCI, good collateral circulation for
myocardial protection only exists before the vascular recanaliza-
tion forms an effective perfusion. This phenomenon may explain
why many studies have shown significant differences in the effect
of coronary collateral circulation on the prognosis of acute AMI
(especially within 6hours after onset) and that of stable coronary
heart disease (e.g., CTO).
MBG represents an indicator of effective myocardial

perfusion after reperfusion therapy for AMI. Previous studies
have shown that MBG not only affects left ventricular function
in patients with AMI but also has a significant impact on death.
6

For patients with AMI who have undergone primary PCI,
studies by Hoffmann et al[33] and Hamdan et al[34] showed that
patients with lower MBG had more severe impairment of left
ventricular function than those with higher MBG. The study by
Zeng et al[35] showed that, for patients with AMI who have
undergone primary PCI, the incidence of major adverse events
was also higher in those with lower MBG during the follow-up.
Our study suggests that MBG has a significant effect on patient
mortality. Patients with good coronary collateral circulation
have a postoperative ratio of MBG3 that is 4.554 times higher
than that in patients with poor coronary collateral circulation.
This finding indicates that effective reperfusion forms after
recanalization of the culvert vessel has a significant impact on
the prognosis. The results are consistent with previous findings.
Therefore, in these patients, timely and effective reperfusion
therapy can reduce mortality to a maximum amount. The
criteria for successful reperfusion therapy are to achieve not
only a TIMI blood flow level 3 but also MBG 3, that is, to form
effective reperfusion.
This study also found that the 1-year mortality rate in patients

with Killip class ≥2 after the exclusion of other confounding
factors was 8.287 times higher than that of patients with Killip
class 1. This result is basically consistent with previous studies. In
STEMI patients who underwent primary PCI, Vicent et al[36]

found that the in-hospital mortality rates were 1.5%, 3.7%,
16.7%, and 36.7% for patients with Killip class 1, 2, 3, and 4,
respectively. A higher Killip classification is associated with a
higher mortality. The abovementioned 2 studies found that Killip
classification was significantly associated with in-hospital death.
However, we found that, even if the patients were discharged
from the hospital after improvement, the Killip classification
during hospitalization was related to the long-term prognosis and
that its trendwas consistent with that of the short-term prognosis.
We also found that patients over 75 years had a mortality rate

8.25 times higher than that of patients aged 60 to 75 years. This
result is consistent with the findings of previous studies.[37,38]

Weaver et al[37] studied the relationship between age and in-
hospital mortality in 3256 patients with AMI and found that the
mortality rates of patients aged �54 years, 55–64 years, 65–74
years, and ≥75 years were 2%, 4.6%, 12.3%, and 17.8%,
respectively. Advanced age is associated with a higher mortality
rate. Singh et al[38] analyzed the relationship between age and
prognosis in 1597 patients with AMI who underwent primary
PCI. These patients were divided into 4 groups according to age:
55 to 59 years, 60 to 69 years, 70 to 79 years, and ≥80 years.
Patients aged 80 years or older had more adverse baseline
characteristics, including risk factors and comorbidities, than
younger patients. In-hospital mortality was significantly higher in
patients over 80 years than that in the other 3 groups (the
mortality rates in patients aged 80 years or older, 70–79 years,
60–69 years, and 50–59 years were 21%, 13%, 9%, and 4%,
respectively; P< .001). During the follow-up, the mortality rate
of the patients in the highest age group who underwent successful
primary PCI was significantly higher than that in the other 3
groups. This finding indicates that both the in-hospital and out-
hospital mortality rates of elderly patients are significantly
increased.
This study also demonstrated that the mortality rate increased

by 26.9% within 1 year for every 1-hour increment of the time
after onset. A large-scale study in the United States[39] revealed
that the shorter time from onset to the revascularization is
associated with a better prognosis: compared with patients
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undergoing revascularization >2hours after onset, patients
undergoing revascularization within 2hours after onset have a
better postoperative blood flow and lower mortality rate after the
3-year follow-up. It is generally believed that within 12hours
after the onset of AMI, a longer vascular occlusion time is
associated with a larger area of myocardial necrosis and a worse
prognosis.
5. Conclusion

In summary, for elderly STEMI patients with single epicardial
coronary artery occlusion who successful underwent primary PCI
with no >12hours after onset, good or poor coronary collateral
circulation in the acute phase does not affect the 12-month all-
cause death. However, patients with good coronary collateral
circulation had a higher rate of MBG 3 and a lower rate of Killip
class ≥2 after primary PCI. Postoperative MBG 3 and Killip class
≥2 were independent negative and positive factors of all-cause
death, respectively. This result indicates that good coronary
collateral circulation still has an indirect beneficial effect on the
prognosis. Moreover, a longer time after onset and a more
advanced age are associated with higher mortality.
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