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Background: Patients with acute myocardial infarction (AMI) complicated by cardiogenic shock (CS) usually have high mor-
tality. This study aimed to identify factors related to the short-term survival of patients with AMI and CS treat-
ed by percutaneous coronary intervention (PCI) under intra-aortic balloon pump (IABP) support.

Material/Methods: This retrospective study included consecutive patients with AMI and CS treated with PCl under IABP support.
Clinical characteristics, including the infarct-related artery, lesion number, aspiration catheter usage, conven-
tional or delayed stenting, and thrombolysis in myocardial infarction (TIMI) flow grade before and after PCl,
were collected. Patients were followed up postoperatively for 30 days. Multivariate logistic regression was used
to identify factors associated with the 30-day mortality.

Results: There were marked differences between the nonsurvival group (n=49) and the survival group (n=92) in the no-
reflow after surgery (49.0% vs 14.1%, P<0.001), postoperative TIMI grade 3 flow (65.3% vs 91.3%, P<0.001), and
delayed stent implantation (18.4% vs 37.0%, P=0.022). Factors associated with 30-day mortality were postop-
erative TIMI grade 3 flow (odds ratio [OR]: 0.227; 95% confidence interval [CI]: 0.076-0.678; P=0.008), delayed
stent implantation (OR: 0.371; 95% Cl: 0.139-0.988; P=0.047), and intraoperative no-reflow (OR: 2.737; 95%
Cl: 1.084-6.911; P=0.033).

Conclusions: For patients with AMI complicated by CS treated with emergent PCl under IABP support, prevention of no-re-
flow during surgery by delayed stent implantation can reduce postoperative 30-day mortality in selected cases.

Keywords: Intra-Aortic Balloon Pumping ¢ Myocardial Infarction ¢ Percutaneous Coronary Intervention ¢
Shock, Cardiogenic
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Background

Globally, ischemic heart disease is responsible for around
9 million deaths each year [1]. Acute myocardial infarction
(AMI) is a major cause of mortality due to ischemic heart dis-
ease [2]. In the past decade, a 4-fold increase has occurred in
hospital admissions for acute ST-segment elevation myocar-
dial infarction (STEMI) in China, and the in-hospital mortality
rate is around 10% [3]. Cardiogenic shock (CS) is a complica-
tion that occurs in 5-15% of AMI cases [4-6]. It manifests as
a fall in systolic blood pressure (SBP), pulmonary congestion/
elevated left-ventricular filling pressure, and impaired organ
perfusion [7,8]. CS after AMI usually results from left ventric-
ular dysfunction, although less common causes include acute
mitral regurgitation, ventricular septal rupture, isolated right
ventricular shock, tamponade, and cardiac rupture [7,8]. CS is a
major cause of death after AMI, and it has been reported that
the mortality rate of AMI patients with CS is around 50% [4-6].

Emergency percutaneous coronary intervention (PCl) is an ef-
fective treatment for restoring myocardial perfusion in AMI pa-
tients, and early PCI can reduce infarct size, mortality, and com-
plications [9]. However, the postoperative 30-day mortality of
AMI patients with CS remains at a high level even after reperfu-
sion therapy [4,5], with reported in-hospital and 2-year mortality
rates approaching 30% and 50%, respectively [10,11]. The early
identification of high-risk AMI patients with CS may help clini-
cians select strategies to improve prognosis and reduce mortality.

Theoretically, the use of an intra-aortic balloon pump (IABP) can
increase coronary perfusion and cardiac output, reduce after-
load, decrease myocardial oxygen consumption, and improve
the hemodynamics [12]. Although the IABP may be expected to
reduce mortality and improve prognosis in AMI patients with
(S, its clinical value in this patient population remains contro-
versial. The SHOCK study indicated that IABP support reduced
the 30-day mortality in AMI patients with CS, particularly when
it was administered with thrombolytic therapy [13,14]. Although
a meta-analysis by Romeo et al [15] also identified a beneficial
effect of IABP support in combination with thrombolytic thera-
py (an 18% reduction in 30-day mortality rate), the short-term
mortality was increased by 6% when IABP support was admin-
istered in patients treated with PCI. Similar findings have also
been reported by Sjauw et al [16]. Romeo et al [15] also con-
cluded that the efficacy of IABP-supported thrombolytic ther-
apy was better than that of PCl. Two studies concluded that
IABP support failed to reduce the 30-day mortality in patients
for whom early revascularization was planned [17,18]; anoth-
er 2 investigations indicated no effect of IABP on the 30-day
mortality in AMI patients with CS who received PCI [19,20].

Despite the evidence that IABP may not reduce short-term mortal-
ity in AMI patients with CS, IABP support is still used to improve
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hemodynamics in many AMI patients with CS. However, data
are limited regarding the factors related to the prognosis of AMI
patients with CS treated with PCl and IABP support. Therefore,
this retrospective study investigated the clinical factors affecting
the prognosis of AMI patients with CS who were treated with
PCl and IABP support. Our findings could help clinicians iden-
tify patients at high risk of poor prognosis and potentially im-
plement strategies to reduce the risk of mortality. This article
was created in accordance with the STROBE reporting checklist.

Material and Methods

Study Design and Subjects

This retrospective study included consecutive AMI patients with
CS treated with PCI under IABP support at the Cardiovascular
Department of the First Affiliated Hospital of the University
of Science and Technology of China between January 2011
and June 2018. The inclusion criteria were as follows: (1) pa-
tients had a diagnosis of AMI and CS based on coronary an-
giography showing complete occlusion of the infarct-related
artery (IRA) or severe residual stenosis (>70%) of major ves-
sels; (2) patients received emergency PCl treatment under IABP
support; and (3) only the IRA was treated. The exclusion cri-
teria were as follows: (1) patients had other heart diseases,
such as rheumatic heart disease, hyperthyroid heart disease,
or dilated cardiomyopathy; (2) patients were diagnosed with
AMI caused by aortic dissection; (3) patients had AMI in the
prior 1 month; and (4) patients had comorbidities that could
affect their prognosis, such as severe infection, malignant tu-
mor, hematologic disease, or immunologic disorder. The AMI
was diagnosed based on the Fourth Universal Definition of
Myocardial Infarction [21]. The diagnostic criteria for CS were
as follows: (1) patients had hypotension due to myocardi-
al dysfunction (with hypovolemia excluded), defined as SBP
<90 mmHg (1 mmHg=0.133 kPa) for >30 min or SBP decreased
by »30% for >30 min in patients with hypertension; and (2)
patients had clinical signs of hypoperfusion, such as cyano-
sis, cold limbs, sweating, mental state changes, persistent ol-
iguria, and pulmonary congestion [7,8].

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). This study was approved by
the Ethics Committee of the First Affiliated Hospital of USTC,
Division of Life Sciences and Medicine, University of Science
and Technology of China (No. 2019KY-61) and informed con-
sent for this retrospective analysis was waived.

Implantation and Withdrawal of IABP

All patients underwent IABP before PCl. The intra-aortic bal-
loon catheter (Linear 7.5 Fr; 34 or 40 cm? Maquet, Rastatt,
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Germany) was implanted via the femoral approach with the
modified Seldinger technique. The intra-aortic balloon was
connected to a Datascope CS100 pump (Maquet). After the
appropriate positioning of the catheter was confirmed, the
IABP was triggered to operate in full assistance (1: 1) mode.
The IABP was withdrawn when the hemodynamics were sta-
ble, based on the following criteria [22,23]: (1) cardiac index
>2.5 L/min/m? (2) urine volume > | mL/kg/h; (3) blood pres-
sure remained stable after withdrawal of vasoactive drugs;
(4) respiration was stable and results from arterial blood gas
analysis were normal; and (5) the hemodynamic parameters
remained stable for about 1 h when the IABP frequency was
reduced to 1: 2. The average time of IABP in the delayed stent-
ing group was 5.6 days in our study.

Emergency Coronary Angiography

All patients had indications for emergency interventional ther-
apy and received antithrombotic therapy with aspirin (300 mg),
clopidogrel (600 mg) [24], and low-molecular-weight hepa-
rin. Coronary angiography was performed through the radial
or femoral artery approach. Left-side and right-side coronary
angiographies with multiposition projection were performed
using a multifunction or Judkins catheter to identify the IRAs
and evaluate the coronary blood flow and the lesioned ves-
sels with severe stenosis.

Percutaneous Coronary Intervention

All PCI procedures were carried out by doctors of Associate
Chief Physician grade or higher who had more than 5 years
of experience in interventional therapy. Heparin (100 U/kg
body weight) was administered via the sheath before sur-
gery. PCl was performed using the radial or femoral artery
approach. For a completely occluded IRA, a thrombus aspira-
tion catheter was used to aspirate 3-5 times during the pro-
cedure. If the suction catheter could not pass the stenosed
IRA, a 1.5/15 mm or 2.0/15 mm predilated balloon was used
for dilation with 8-10 atm, and thrombus aspiration was then
performed repeatedly. Following aspiration, a glycoprotein
(GP)IIb/Illa receptor antagonist (tirofiban, 10 pg/kg; Yuanda
Pharmaceutical Co. Ltd., Wuhan, China) was selectively and
slowly injected through the suction catheter into the site of
IRA occlusion; the process was repeated if necessary. Delayed
stenting was conducted after antithrombotic therapy for 2-7
days in patients with the following characteristics: (1) IRA an-
tegrade blood flow was greater than or equal to thrombolysis
in myocardial infarction (TIMI) grade 2 during angiography or
returned to greater than or equal to TIMI grade 2 after low-
pressure predilation with a small balloon and/or thrombus
aspiration [25]; and (2) the hemodynamics were stable dur-
ing IABP support with only low doses of vasoactive drugs re-
quired [25,26]. Otherwise, regular (immediate) stenting was
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conducted. If no-reflow occurred during surgery [27], a GPIlb/
llla receptor antagonist was injected into the coronary artery
after aspiration with the suction catheter to improve the cor-
onary blood flow. After surgery, all patients received a GPIIb/
llla receptor antagonist (0.1 pg/kg/min for 36 h) and dual an-
tiplatelet therapy (aspirin [100 mg] plus clopidogrel [75 mg]).

Grouping and Follow-Up

Postoperatively, the patients were followed up once week-
ly for 30 days. Follow-up was conducted via hospital visit or
telephone after discharge from the hospital. For the analysis,
the patients were divided into a survival group and a nonsur-
vival group based on the clinical outcome during the postop-
erative 30-day follow-up.

Collection of Clinical Data

The following clinical data were extracted from the medical
records: sex, age, and body mass index; history of smoking;
hypertension, diabetes, or hyperlipidemia; serum creatinine;
SBP; diastolic blood pressure (DBP); cardiac troponin I; blood
glucose; glycated hemoglobin (HbA, ); high-density lipopro-
tein cholesterol (HDL-C) and low-density lipoprotein choles-
terol (LDL-C) on admission; prehospital thrombolysis history;
onset to balloon time; locations of lesions identified during
coronary angiography; TIMI flow grade before PCI (grade 0,
no perfusion; grade 1, penetration without perfusion; grade
2, partial perfusion; grade 3, complete perfusion) [28]; use of
aspiration catheter; conventional or delayed stenting; coro-
nary blood flow after coronary stenting; no-reflow after coro-
nary stenting [29]; and survival outcome. Any adverse events
or complications were also recorded.

Statistical Analysis

SPSS version 20.0 statistical software was used for data anal-
ysis (IBM Corp., Armonk, NY, USA). Normally distributed con-
tinuous data are expressed as mean+standard deviation and
were compared between groups with t test. Nonnormally dis-
tributed continuous data are presented as median (range) and
were compared between groups using the Mann-Whitney U
test. Enumeration data are expressed as numbers and percent-
ages and were compared between groups using the chi-square
test or Fisher’s exact test. The Kaplan-Meier analysis and log-
rank test were used to compare the survival between patients
receiving conventional stenting and those undergoing delayed
stenting. Multivariate logistic regression was used to identi-
fy factors associated with patients’ survival. Stepwise regres-
sion with backward selection was used to fit the model, and
the entry and rejection levels for the independent variables
were 0=0.05 and a=0.1, respectively. The odds ratios (ORs) and
95% confidence intervals (95% Cls) were calculated. A value of
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P<0.05 was considered statistically significant. Descriptive sta-
tistics were used for the analysis of adverse events.

Results

Baseline Clinical Characteristics of Patients

Patient disposition is shown in Figure 1. Among 148 patients,
5 were excluded due to failure of IABP implantation (n=3), con-
comitant lung cancer (n=1), and death before interventional
therapy (n=1). Another 2 patients were excluded due to the use
of extracorporeal membrane oxygenation and IABP support af-
ter surgery (n=1) and being lost to follow-up (n=1). Therefore,
141 patients were included in the final analysis. The postop-
erative 30-day mortality rate was 34.8% (49/141). The causes
of death were severe heart failure or blood pressure fluctua-
tion (n=44), malignant ventricular arrhythmia (n=2), moder-
ate-to-severe bleeding (n=2), and stent thrombosis (n=1). The
baseline clinical characteristics of 92 patients in the survival
group and 49 patients in the nonsurvival group are shown in
Table 1. There were no significant differences between groups
in the smoking status; prevalence of hypertension, diabetes,
or hyperlipidemia; history of thrombolysis; onset to balloon
time [30]; prevalence of abnormal creatine level (>133 umol/L);
body mass index; history of myocardial infarction; history of
PCl; history of stroke; SBP; DBP; cardiac troponin I; blood glu-
cose; HbA, ; HDL-G; or LDL-C (Table 1). However, the patients
in the nonsurvival group were significantly older (71.1+11.2
years vs 67.0+12.2 years, P=0.016) and the proportion of men
in the nonsurvival group was significantly lower than in the
survival group (67.3% vs 82.6%, P=0.039).

Coronary Angiography and PCl Data

There were no significant differences between the surviv-
al group and the nonsurvival group in the IRA, use of aspira-
tion, number of lesions, and preoperative blood flow (Table 2).
However, in comparison with the survival group, the patients
in the nonsurvival group had a significantly higher rate of no-
reflow after surgery (49.0% vs 14.1%, P<0.001) and a mark-
edly lower rate of postoperative TIMI grade 3 blood flow af-
ter stent implantation (65.3% vs 91.3%, P<0.001). In addition,
the proportion of patients undergoing delayed stent implan-
tation in the nonsurvival group was significantly smaller than
in the survival group (18.4% vs 37.0%, P=0.022).

Survival Analysis

Among the 141 patients in the present study, 98 patients were
treated with conventional stenting and 43 patients with de-
layed stenting. During the 30-day follow-up, death was noted
in 40 patients (40/98; 40.8%) who had received conventional
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Patients with AMI and CS screened for inclusion:
n=148

Excluded due to:

IABP implantation on failure (n=3)
Comorbid lung cancer (n=1)
Death before PCl (n=1)

Patients with AMI and CS initially enrolled:
n=143

Excluded due to:
ECMO + IABP after surgery (n=1)
Loss to follow-up (n=1)

Patients with AMI and CS included in the final analysis:
n=141

| |

Survival group: Non-survival group:
n=92 n=49

Figure 1. Patient disposition. AMI — acute myocardial infarction;
CS - cardiogenic shock; ECMO — extracorporeal
membrane oxygenation; IABP — intra-aortic balloon
pump; PCl — percutaneous coronary intervention.

stenting and 9 patients (9/43; 20.9%) who had undergone de-
layed stenting. Kaplan-Meier analysis (Figure 2) revealed sig-
nificantly poorer survival in the patients treated with conven-
tional stenting than in those treated with delayed stenting
(P=0.030, log-rank test).

Factors Associated with 30-Day Mortality

The following independent variables were included in the uni-
variate logistic regression analysis: age, sex, postoperative
TIMI grade 3 blood flow, no-reflow during surgery, and de-
layed stent implantation. Based on the results of univariate
analysis (Table 3), sex was excluded from the multivariate re-
gression model. The multivariate analysis showed postopera-
tive TIMI grade 3 blood flow (OR: 0.227; 95% Cl: 0.076-0.678;
P=0.008) and delayed stent implantation (OR: 0.371; 95% Cl:
0.139-0.988; P=0.047) were associated with lower odds ratio
of death during the 30-day follow-up, whereas intraoperative
no-reflow (OR: 2.737; 95% Cl: 1.084-6.911; P=0.033) was as-
sociated with higher odds ratio of death (Table 3).

Adverse Events
The most common adverse event was no-reflow during sur-

gery, which was noted in 13 of 92 patients (14.1%) in the sur-
vival group and 24 of 49 patients (49.0%) in the nonsurvival
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Table 1. Baseline clinical characteristics of patients in the 2 groups.

Characteristic Survival group (n=92) Non-survival group (n=49)

Age (years) 67.0+12.2 71.1+11.2 0.016
 Gender Male;m;%) 76 (826%) 33 (673% 0039
CSmoker(m%) 29 (GLs%) 12 (45% 0381
Hypertension (m:%) a7 GL1%) 29 (592%) 0358
 Diabetes mellitus (n; %) 35 (384%) 2 (449%) 0430
© Serum creatine >133 pmol/L (0;%) 2 @39%) 18 (67% 0108
 Thrombolysis history (n; %) 4 @3%) 2 (41%) 1000
Time fomonsettosurgery ) 80 (40-150) 80 (601300 0845
 Body massindex 235829 234826 0782
History of myocardial infarction (n; %) 2 2% 2 @1%) 0561
HistoryofPCI (%) 2 @2%) o ©0o0% 0299
History of stroke (%) 10 (10.9%) 8 (163% 0355
CHDLC (mmoV)  104s041 097:038 0345
DLC(mmo) 293141 313140 0409
Heartrate (beats/min) 953215 10216251 0000
 Systolic blood pressure (mmHg) 89.8:02 §7.1¢101 0104
 Diastolic blood pressure (mmHg)  569+86  545:88 0107
Cardiac troponin-l (ng/)  166+205 258217 0200
Blood glucose (mmol/) 01:47  102:49 0148
CHbALC®) 62¢17 65¢18 0360

HbA1lc - glycated hemoglobin; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol;

PCl — percutaneous coronary intervention.

group (P<0.01). Less common adverse events included malig-
nant arrhythmia, stent thrombosis, stroke, and bleeding, and
there were no significant differences in these less common
adverse events between the 2 groups (Table 4).

Discussion

Our study showed marked differences in the age, sex, postop-
erative no-reflow, postoperative TIMI grade 3 blood flow, and
delayed stenting between the nonsurvival group and the sur-
vival group, whereas no differences were observed in other
baseline characteristics, IRA, use of aspiration, number of le-
sions, and preoperative blood flow. Importantly, factors associ-
ated with 30-day mortality included postoperative TIMI grade 3
flow (protective), delayed stent implantation (protective), and
intraoperative no-reflow (risk factor). These findings indicate
that achieving grade 3 blood flow after surgery, preventing in-
traoperative no-reflow, and delayed stenting in selected cas-
es can reduce the postoperative 30-day mortality of AMI pa-
tients with CS treated with emergency PCl under IABP support.

The incidence of CS in AMI patients is around 10% [4-6]. The
prognosis of AMI patients with CS is poor, and CS has been a
major cause of death after AMI. In the present study, the 30-
day mortality rate was 34.8%, which was consistent with pre-
viously reported rates. Seyfarth et al [31] reported the 30-day
mortality rate was 46% despite PCl under IABP support. In the
IABP-SHOCKII study, the 30-day mortality rate in AMI patients
with CS after emergency reperfusion therapy was about 40%,
regardless of use of IABP support [18]. A “real-life” experience
reported by de la Espriella-Juan et al [19] also revealed no dif-
ference in the 30-day mortality between patients with and
without IABP support (29.5% vs 27.6%) among AMI patients
with CS treated with PCI. A meta-analysis also concluded that
IABP support may not contribute to improved short-term sur-
vival in AMI patients with CS after PCI [20]. Thus, IABP support
may not improve the short-term survival of patients treated
with PCl, despite its theoretical advantages [12] and effica-
cy in the setting of thrombolytic therapy [13-15]. In the pres-
ent study, all patients were treated with IABP before surgery
due to hemodynamic disorders. Although current guidelines
do not recommend routine prophylactic IABP in AMI patients
with CS, it has been shown that IABP may improve myocardial
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Table 2. Surgery related characteristics of patients in the 2 groups.

Characteristics

Survival group (n=92)

Feng K-F. et al:
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© Med Sci Monit, 2021; 27: €929996

Non-survival group (n=49)

Infarct-related artery 0.565
"""" Left main coronary artery ;%) 10 (109%) 9 (184%)
"""" Left anterior descending artery (n;%) 61 (663%) 32 (653%)
"""" Left circumflex artery (%) 7 (6% 3 (61%)
"""" Right coronary artery (n;%) 14 (52%) 5 (102%)
CNumberoflesions 0162
"""" Onebranch ;%) 36 (9% 17 (347%)
"""" Two branches (%) 22 (3%%) 19 (8s8%)
"""" Three branches (n;%) 34 (7.0%) 13 @6s%)
CBlood flow before PCL o161
"""" ™A% 49 (533%) 34 (694%
"""" ™2e% 17 (8s% 5 (2%
"""" ™3(%) 26 (83% 10 (o4%
| Usage of aspiration catheter (n; %) % (9% 23 (469%) 0371
No-reflow during surgery (n; %) 13 (141%) % (@90% «©o01
 Postoperative TIMI grade 3 flow (n; %) 84 (O13%) 2 (653%) 0001
 Delayed stent implantation (n; %) 3 @ro% o (184% 0022

PCl — percutaneous coronary intervention; TIMI — thrombolysis in myocardial infarction.

1.0 7
0.8
S s T
S 061 &
2
=
2 044
S
0.2 1 - Conventional
-1 Delayed
£ Conventional-censored
0.0 4 O Delayed-censored
0 5 10 15 20 25 30
Time (days)

Figure 2. Kaplan-Meier analysis of survival in patients receiving
conventional stenting and those receiving delayed
stenting. Log-rank test: P=0.03.

perfusion and disruption of the shock spiral [32]. Furthermore,
IABP support after PCl has been shown to increase the mortality
rate [32,33], suggesting that IABP should be used before PCI.
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Many factors potentially affect the prognosis of AMI patients
with CS. In the present study, multivariate logistic regression
analysis revealed that postoperative TIMI grade 3 blood flow
and delayed stenting were associated with reduced odds of
death in the 30 days after PCl. It has been well established
that TIMI grade 3 blood flow after PCl in AMI patients is a
predictor of survival [34], and this has also been observed in
AMI patients with CS [35]. In our study, delayed stenting ap-
peared to be associated with a lower incidence of no-reflow
after stenting. Theoretically, AMI patients with CS have a he-
modynamic disorder, and no-reflow due to the obstruction of
a small thrombus would likely have a substantial impact on
the therapeutic effects of emergency PCI. Currently, the value
of delayed stenting is still controversial in AMI patients. The
DEFER-STEMI study indicated that delayed stenting in patients
with STEMI could reduce the incidence of postoperative no-re-
flow, increase the occurrence of TIMI grade 3 blood flow, sup-
press the incidence of coronary microvascular embolization,
reduce infarct size, and increase the viable myocardium after
stenting [36]. However, the above results were not confirmed
by the DANAMI 3-DEFER study, which revealed that, although
left ventricular ejection fraction was superior in the delayed
stenting group to that in the conventional stenting group at
18 months after surgery, there were no significant differences
between groups in the primary endpoints (postoperative 2-year
all-cause mortality, hospital admission due to heart failure,
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Table 3. Logistic regression analysis of factors associated with death during the 30-day follow-up.

Univariate analysis

Multivariate analysis

Factor
Gender 0.042
e 0019 10
 Postoperative TIMI grade 3 blood flow ~ <0.001 0.1
 Noreflow during surgery <0001 58
 Delayed stent implantation 0025 03

0.194-0.971
9 1006-1072 0098 1030 0.995-1.067
79 0070-045 0008 0227  0076:0.678
4 250213128 0033 2737 10846911
84 0166-0.887 0047 0371  0139-0.988

OR - odds ratio; 95% Cl — 95% confidence interval; TIMI — thrombolysis in myocardial infarction.

Table 4. Adverse events in the 2 groups.

Adverse events

Survival group (n=92)

Non-survival group (n=49)

No-reflow during surgery 13 (14.1%) 24 (49.0%) <0.01
 Malignant archythmia 4 @3 3 e1%) 0644
Stentthrombosis o ©o%w 1 @ 0318
Cstoke 1o o ©0o% 0652
CBleedng 3 @3 2 @1 0570

recurrent myocardial infarction, and unplanned target vessel
reconstruction) [37]. The investigators speculated that the de-
layed stenting did not improve the prognosis of these patients.
However, further analysis indicated that most of the patients
enrolled in the study had relatively good cardiac function, and
only 7% of patients had the cardiac function of Killip class II-V.
Therefore, the effects on the hemodynamics of AMI patients
who have relatively good cardiac function and small infarct size
would likely be limited unless there is severe no-reflow. This
might explain the similar incidence of major adverse cardio-
vascular events despite a superior LVEF at 18 months [37]. As
the effect of delayed stenting on the prognosis is still unclear,
Pascal et al [25] and Belle et al [26] further assessed the value
of modified delayed stenting (MIMI technique). However, the
results were still inconsistent. Pascal et al [25] found that de-
layed stenting could reduce postoperative no-reflow and im-
prove TIMI blood flow after coronary stenting. Furthermore,
postoperative follow-up for 1 year showed the incidence of
major adverse cardiovascular events was significantly lower
in patients receiving delayed stenting than in those receiving
conventional stenting. However, Belle et al [26] found that de-
layed stenting did not reduce the area of infarcted myocardium
5 days after operation and the incidence of major adverse car-
diovascular events at 6 months. Further analysis showed that
the patients included in the study of Belle et al [26] had cer-
tain characteristics (grade I-Il cardiac function in all patients,
right coronary lesions in most patients [50.7% vs 47.8%], and
a relatively short time to delayed stenting [36 h]). In addi-
tion, the most important disadvantage of delayed stenting

was the re-occlusion of the revascularized IRA. Theoretically,
IABP support can increase the coronary blood supply in the
diastolic phase and reduce the risk of IRA re-occlusion [12]. In
the present study, the modified delayed stenting (MIMI tech-
nique) was used under IABP support. In the delayed stenting
group, the stent was implanted at 2-7 days after antithrom-
botic therapy, which minimized the risk of IRA re-occlusion,
improved the coronary blood supply, and decreased the inci-
dence of no-reflow during surgery. Furthermore, in this study,
we found that age was a risk factor in univariate analysis, but
it was eliminated in multivariate analysis. This finding might
be related to selection bias and the small sample size in the
study, the results of which need to be confirmed by random-
ized controlled trial or more studies with a large sample size.

In this study, 6 patients with thrombolysis and recanalization
received delayed stenting after intensive antithrombotic ther-
apy, no-reflow was not found during surgery, and the progno-
sis was relatively good. In our patients, the incidence of no-re-
flow (including transient slow blood flow) was 32.6% (32/98)
in those receiving conventional stenting and only 11.6% (5/43)
in those undergoing delayed stenting. It is also worth noting
that 49.0% of patients in the nonsurvival group had no-reflow
during surgery, compared with 14.1% in the survival group.
Thirteen patients with no-reflow developed ventricular tachy-
cardia, ventricular fibrillation, or decreased blood pressure that
eventually resulting in death. Thus, the mortality after PCI may
be related to the no-reflow during conventional stenting due
to the distal microembolization of the coronary artery or other
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factors [38]. Notably, the multivariate analysis in the present
study identified no-reflow during surgery as an independent
risk factor for postoperative death.

There were several limitations in the present study. This was a
retrospective study, and there may have been selection bias or
information bias. Since this study involved only a single center,
the generalizability of the results is unknown. The sample size
was relatively small, and thus the study may have been un-
derpowered to detect some real differences between groups.
The follow-up was limited to 30 days, and longer-term out-
comes were unclear in these patients. In addition, there were
several limitations when the coronary angiography was used
in the diagnosis of postoperative no-reflow. Further, the opti-
mal timing of delayed stenting was not examined.
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