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Abstract: Background: Despite the widespread use of the intra-aortic balloon pump (IABP) in acute myocardial 
infarction (AMI), there were few clinical trials regarding the deceased’s feature. Therefore, we conducted a study 
to investigate the clinical characteristics and risk factor led to in-hospital deaths among AMI patients with IABP 
support. Objective: To investigate the clinical characteristics and risk factors of in-hospital death with IABP support 
in AMI patients. Methods: The clinical data of 572 consecutive IABP supported patients with AMI within 72 hours 
from symptom onset from July 2005 to July 2013 were retrospectively analyzed. The evolution of the risk factors 
of in-hospital death and clinical characteristics was compared in 81 non-survivors and the survivors. Results: Non-
survivors had a more severe clinical profile at admission. Fewer patients were treated with emergency reperfusion 
therapy in the non-survivors group. Cardiogenic shock, Mechanical complications, ventricular tachycardia/fibrilla-
tion and MODS were much common in non-survivors (P<0.001). Multivariate logistic regression analysis showed 
advanced age (>65 years), prolonged time from symptom onset to first medical contact (FMC), Killip class III/IV, 
renal dysfunction(GFR <60 ml/min/1.73 m2), and left ventricular ejection fraction (LVEF) <30% were risk factors 
associated with higher in-hospital mortality. Conclusions: IABP support may be more effective combined with revas-
cularization for AMI patients whose hemodynamics is compromised. Patients accompanied with cardiogenic shock 
and other life-threatening complications are often uselesswith IABP support. Meanwhile, patient whose hemody-
namics parameters have significant response to IABP may get benefits with IABP to improve in-hospital survival. 
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Introduction

With the widespread use of invasive treatment 
modalities such as early revascularization and 
intensive health care, there has been a pro-
found fall in mortality over last decade [1]. 
Nonetheless, Sustained hypotension, cardio-
genic shock (CS), or heart failure at the time of 
AMI accompanied with considerably increased 
mortalities ranging from 45% to 80% [2-4]. 
Patients suffered from AMI have characteris-
tics that vary across a range of severity. Studies 
have indicated that the IABP can improve dia-
stolic coronary perfusion and systemic blood 
flow, and reduce myocardial afterload and myo-
cardial oxygen consumption [5-7]. These physi-
ologic effects are known to lead to improve 
myocardial and organs recovery after AMI. The 
optimal timing of IABP insertion in manage-
ment of AMI remains controversial. Despite 
IABP had emerged as the most widely used cir-

culatory assist device worldwide, there were 
few clinical trials regarding deceased’s feature 
with IABP support. Therefore, we analyzed the 
risk factors and clinical characteristics of in-
hospital death among AMI patients with IABP 
support. 

Materials and methods

Study population

The clinical data of all AMI patients in Cardiology 
Department of Beijing Anzhen Hospital were 
retrospectively reviewed. For further analysis, 
this retrospective study included 572 AMI 
patients who received IABP in hospital from July 
2005 to July 2013. All patients’ symptom onset 
to admission was within 72 hours. Criteria for 
acute myocardial infarction [8], including eleva-
tion of serum biomarker values (i.e., >1×99th 
percentile upper reference limit) and at least 
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one of the following: ① Symptoms of isch-
aemia. ② New ischaemic ECG changes. ③ 
Imaging demonstration of new loss of viable 
myocardium or new regional wall motion abnor-
mality. ④ Angiographic findings of intracoro-
nary thrombi. Baseline characteristics includ-
ing demographics, echocardiography, coronary 
angiography, hemodynamic parameters in 
duration of IABP support and complications 
were acquired from patient medical records. 
The evolution of clinical characteristics and 
relative factors of in-hospital death was ana-
lyzed in the 81 non-survivors and 491 survi-
vors. Written informed consent was received 
from participants prior to inclusion in the study, 
which was undertaken in accordance with ethi-
cal regulations imposed by the Chinese 
legislation.

Treat regimen 

Indications for IABP support were AMI with CS, 
acute pulmonary edema, hemodynamic sup-
port during percutaneous coronary intervention 
(PCI), re-infarction, mechanical complication, or 
intractable ventricular arrhythmia after AMI. 
IABP insertion was performed by experienced 
cardiologists, with the indication and the timing 
of the insertion at the discretion of the physi-
cian. An 8-French IABP catheter (30 or 40 ml, 
Arrow Corp, USA) was placed percutaneously, 
via the femoral artery, using the Seldinger tech-
nique. The tip of the balloon was placed 2-3 cm 
distal to the junction with the left subclavian 
artery. And the position of the balloon tip was 
verified by a chest radiograph or a fluoroscopy 
in catheter laboratory after the insertion. The 
duration of the IABP support was determined 
by the physician depending on the patient’s 
hemodynamic status or intolerable complica-
tions to continue IABP support.

All patients were also treated with standard 
therapies for AMI, such as oxygen, morphine for 
pain relief, anti-platelet therapy, and anticoagu-
lation with heparin. Pharmacological treatment 
also included administration of inotropic agents 
(e.g., dopamine and dobutamine) if peripheral 
hypoperfusion occurred (e.g., hypotension, 
decreased renal function), diuretics and fluids 
were given on the basis of the estimated filling 
pressures. Those who had appropriate indica-
tion for reperfusion therapy were treated with 
thrombolysis or PCI according to the clinical cir-
cumstances. Mechanical ventilation was 
applied if necessary. Laboratory tests [e.g., 

complete blood cell count (CBC), cardiac bio-
markers, blood urea nitrogen (BUN) and serum 
creatinine (Scr)] were performed once the 
patients entered into emergency room or 
department of cardiology ward, other laborato-
ry and auxiliary examination were completed 
within 24 hours in hospital.

Statistical analysis

The baseline characteristics of patients were 
presented as mean ± SD for continuous vari-
ables and compared by the Student t-test if the 
data were of normal distribution, otherwise pre-
sented as median (25th and 75th percentiles) 
and Wilcoxon signed-rank test was used. 
Categorical variables were presented as per-
centage and compared by Pearson χ2 or Fisher’ 
exact test, where appropriate. Multivariate 
logistic regression was used to identify inde-
pendent clinical and laboratory risk factors at 
admission associated with in-hospital mortali-
ty. All baseline characteristic variables entered 
the regression if P<0.05. All statistical tests 
were two-tailed, and p values were statistically 
significant at <0.05. All statistical analyses 
were carried out using the SPSS statistical soft-
ware V.20.0 (SPSS Inc., Chicago, Illinois, USA).

Definitions

Cardiogenic shock was defined according to 
clinical and hemodynamic criteria including a 
systolic blood pressure <90 mmHg for ≥30 min 
or supportive measures such as inotropic 
agents or IABP required to maintain systolic 
blood pressure ≥90 mmHg, evidence of end-
organ hypoperfusion (e.g., persistent oliguria 
with urine output of <30 mL/hour, cool and dia-
phoretic extremities, changes in mental 
status).

Renal dysfunction was defined as an estimated 
glomerular filtration rate (eGFR) less than 60 
mL/min/1.73 m2, and the eGFR was calculated 
based on an admission laboratory analysis 
using the Modification of Diet in Renal Disease 
equation [9].

The IABP failure was defined as poor augmen-
tation, inability to deploy or any IABP leak sug-
gested by blood inside the catheter tubing or 
gas loss [10].

Thrombocytopenia was defined as at least 2 
times platelet count of less than 40,000,000/
mL during IABP support. 
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Access-site complications were defined as a 
vascular complication at access site resulting 
in hematoma, false aneurysm, or femoral artery 
occlusion requiring surgical or percutaneous 
intervention at the IABP inserted site. 

Systemic embolization included thrombotic 
embolization to any vascular territory, with the 
exception of the pulmonary arteries and their 
tributaries.

Critical limb ischemia was defined loss of pulse, 
intractable rest pain, abnormal limb tempera-
ture or pallor requiring surgical intervention on 
the balloon inserted limb.

Major adverse clinical events (MACE) including 
cardiogenic shock, mechanical complications, 
cerebral hemorrhage, pulmonary embolism, 
Ventricular tachycardia or fibrillation and multi-
ple organ dysfunction syndromes.

Results

Demographics 

A total of 572 IABP-supported patients with AMI 
hospitalized between July 2005 and July 2013 
were included. 491 patients survived in hospi-
tal, whereas 81 patients did not. Baseline char-

Table 1. Baseline characteristics in patients with AMI [n (%), M (QR), 
_
x±s]

Variable
clinical characteristics of AMI patients with IABP 

insertion P
death in hospital (n=81) survived (n=491)

Age (years) 65.25±10.73 60.03±11.81 <0.001
Female (%) 26 (32.1) 105 (21.4) 0.033
Past history
    Smoking (%) 43 (53.1) 303 (61.8) 0.135
    Hypertension (%) 55 (67.9) 244 (49.7) 0.002
    Diabetes (%) 34 (42) 139 (28.3) 0.013
    Pre-stroke (%) 10 (12.3) 41 (8.4) 0.245
    Family-CAD history 0 (0) 6 (1.2) 0.601
CAD history
    Pre-MI 18 (22.2) 86 (17.6) 0.317
    Pre-PCI 11 (13.6) 48 (9.8) 0.300
    Pre-CABG 3 (3.7) 5 (1.0) 0.091
Presentation history 
    time from symptom onset to FMC (hour) 7 (4, 14.5) 6 (3, 10) 0.05
    HR (bpm) 91.59±25.86 83.86±19.46 0.011
    SBP (mmHg) 99.46±29.54 107.58±24.19 0.002
    DBP (mmHg) 61.81±17.83 67.48±15.17 0.004
    Killip class III~IV 76 (93.8) 173 (35.2) <0.001
Laboratory examination and auxiliary examination
    Hemoglobin (g/L) 134.80±21.14 139.16±20.48 0.131
    leukocyte count (×109/L) 11.6 (8.4, 15.7) 11.4 (9.1, 14.0) 0.613
    Neutrophil (%) 77.97±13.73 78.40±14.84 0.526
    Creatine kinase MB (U/L) 508 (154.0, 1966.5) 430.0 (108.8, 2290.5) 0.434
    Cardiac troponin I (ng/ml) 9.19 (0.67, 39.22) 7.79 (0.47, 78.60) 0.886
    BUN (mmol/L) 7.51 (5.85, 9.72) 6.64 (5.24, 8.64) 0.012
    Serum creatinine (µmol/L) 103.00 (83.11, 135.30) 88.40 (72.7, 104.15) <0.001
    LDL (mmol/L) 2.71 (2.11, 3.47) 2.86 (2.29, 3.44) 0.351
    LVEF (%) 40.97±12.96 48.14±10.77 <0.001
DBP: diastolic blood pressure; SBP: systolic blood pressure; BUN: blood urea nitrogen; LDL: low density lipoprotein; FMC: first 
medical contact; CAD: coronary artery disease; LVEF: left ventricular ejection fraction; *P value between groups.
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Table 2. Characteristics of angiography and treatments in-hospital 
[n (%)]

Variable Non-survivors 
(n=81)

Survivors 
(n=491)

*P

Emergency coronary angiography 60 (81.1) 425 (87.4) 0.143
Culprit vessels 
    LM 7 (8.6) 9 (1.8) 0.010
    LAD 38 (46.9) 229 (46.6) 0.963
    RCA 27 (33.3) 191 (38.9) 0.339
    Multivessels 20 (24.7) 72 (14.7) 0.023
Infarction region
    Anterior  55 (67.9) 271 (55.2) 0.032
    Inferior/Right ventricular 28 (34.6) 216 (44.0) 0.112
    NSTEMI 7 (8.6) 29 (5.9) 0.348
Coronary arteries with >70% stenosis
    1 17 (21.0) 186 (37.9) 0.002
    2 35 (43.2) 163 (33.2)
    3 10 (12.3) 23 (4.7)
Emergency reperfusion therapy
    Primary PCI 41 (50.6) 376 (76.6) <0.001
    Thrombolysis 9 (11.1) 39 (8.0) 0.344
    Rescue PCI 6 (7.4) 28 (5.7) 0.548
    No reperfusion therapy 31 (38.3) 73 (14.9) <0.001
    Duration of IABP support (days) 1 (1.4) 1 (1.2) 0.638
    Pacing 10 (12.3) 54 (11.0) 0.721
    CRRT 7 (9.0) 7 (1.4) <0.001
Medications in-hospital
    Aspirin 78 (96.3) 489 (99.6) 0.088
    Clopidogrel 79 (97.5) 489 (99.6) 0.098
    ACEI/ARB 22 (27.2) 377 (76.8) <0.001
    β-blocker 23 (28.4) 392 (79.8) <0.001
    Calcium channel blocker 3 (3.7) 32 (6.5) 0.466
    Diuretics 39 (48.1) 203 (41.3) 0.251
    Long acting nitrates 43 (53.1) 288 (58.7) 0.347
    Inotropic agents 77 (95.1) 280 (57.0) <0.001
    Length of hospital stays (days) 2 (1, 6.5) 9 (7, 13) <0.001
LAD: left anterior descending coronary artery, LCX: left circumflex coronary artery, 
RCA: right coronary artery, CRRT: continuous renal replacement therapy, ACEI: angio-
tensin converting enzyme inhibitor, ARB: angiotensin receptor 1 blocker, NSTEMI: 
Non-st-segment elevation myocardial infarction. *P value between groups.

acteristics of all treated patients were depict- 
ed in Table 1. Clinical presentation at ad- 
mission of the non-survivors was more severe. 
They exhibited greater clinical and hemody-
namic evidence of impairment of cardiac func-
tion at admission to the hospital. As shown in 
Table 1, the non-survivors had an advanced 
age (65.25±10.73 vs. 60.03±11.81 years,  
P<0.001) and higher proportion of female gen-

EI) or angiotensin receptor 1 blocker (ARB) [22 
(27.2%) vs. 377 (76.8%), P<0.001] and 
β-blocker [23 (28.4%) vs. 392 (79.8%), 
P<0.001], while more likely to get inotropic 
agents [77 (95.1%) vs. 280 (57.0%), P<0.001] 
during hospitalization. Fewer patients were 
treated with emergency reperfusion therapy in 
the non-survivors group (P<0.001). Continuous 
renal replacement therapy (CRRT) [7 (9.0%) vs. 

der [26 (32.1%) vs. 105 
(21.4%), P=0.033], signifi-
cantly higher heart rate 
(91.59±25.86 vs. 83.86± 
19.46 bpm, P=0.011), low- 
er systolic blood presures 
(99.46±29.54 vs. 107.58± 
24.19 mmHg, P=0.002) and 
diastolic blood pressures 
(61.81±17.83 vs. 67.48± 
15.17 mmHg, P=0.004), mo- 
re prevalence of hypertension 
[55 (67.9%) vs. 244 (49.7%), 
P=0.002] and diabetes melli-
tus [34 (42%) vs. 139 (28.3%), 
P=0.013], prolonged time 
from symptom onset to FMC 
[7 (4, 14.5) vs. 6 (3, 10) 
hours, P=0.05], and Killip III~ 
IV [76 (93.8%) vs. 173 
(35.2%), P<0.001]. The non-
survivors had higher BUN 
[7.51 (5.85, 9.72) vs. 6.64 
(5.24, 8.64) mmol/L, P= 
0.012] and Scr [103.00 
(83.11, 135.30) vs. 88.40 
(72.7, 104.15) umol/L, P< 
0.001] and a more often 
impaired LVEF (40.97±12.96 
vs. 48.14±10.77%, P<0.001) 
compared with the survivors.

Angiographic, procedural 
characteristics 

Left main coronary artery 
(LM) as culprit vessel [7 
(8.6%) vs. 9 (1.8%), P=0.01] 
and multivessels disease 
(P=0.002) were frequently 
observed in non-survivors. 
And these patients were sig-
nificantly less likely to be 
treated with angiotensin con-
verting enzyme inhibitor (AC- 
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7 (1.4%), P<0.001] was used more often in the 
non-survivors group (Table 2). 

Utilization of IABP

Notably, significant differences in hemodynam-
ics parameters between the two groups were 
observed. The non-survivors exhibited a lower 
systolic blood pressure/diastolic blood pres-
sure (P<0.001) and a higher heart rate 
(P<0.001) before their IABP insertion. Both sur-
vivors and non-survivors trended toward higher 
systolic blood pressure/diastolic blood pres-
sure and lower heart rates after their IABP 
insertion (P<0.001). This trend was still signifi-
cant on analysis of mean hemodynamics 
parameters during IABP support (P<0.001). 
However, significant differences in hemody-
namic response to IABP between the 2 groups 
could be observed (P<0.001), changes in sys-
tolic blood pressure after IABP insertion were 
much significant in survivors group (P<0.001). 
However, greater changes in heart rate after 
IABP insertion could be found in non-survivors 
(P<0.001) (Table 3).

The most frequently observed complications 
were thrombocytopenia and access-site com-

1.038, P=0.012), diminished LVEF (EF<30%) 
(OR: 3.043, CI: 1.117-8.288, P=0.029), Killip 
class III~IV (OR: 11.167, CI: 3.895-32.019, 
P<0.001) and renal dysfunction (eGFR <60 ml/
min/1.73 m2) (OR: 2.497, CI: 1.325-4.705, 
P=0.008).

Discussion

IABP is used as the first-line treatment in AMI, 
with the goal of providing temporary mechani-
cal support and allowing time for myocardial 
recovery. However, few randomized evidence 
has suggested the survival benefit of IABP 
treatment in AMI complicated by cardiogenic 
shock. And IABP is often incapable of overcom-
ing hemodynamic compromise in severe refrac-
tory cardiogenic shock [11]. There remains an 
ongoing debate on the use of IABP in high-risk 
AMI patients who develop hemodynamic insta-
bility. It is suggested that timing of initiation of 
IABP therapy could be of great importance. Our 
study aimed to provide an insight into the clini-
cal characteristics and risk factors of in-hospi-
tal death with IABP support in AMI patients.

Analyzing the data of in-hospital major adverse 
clinical events, we conclude that patients who 

Table 3. Pre-IABP and post-IABP hemodynamics in 
survivors and non-survivors

Non-survivors 
(n=81)

Survivors 
(n=491) P

SBP
    Pre 80 (61, 89) 85 (80, 95) <0.001*

    Post 96 (74, 118.5) 111 (104, 120) <0.001*

    Change 11 (0, 31) 23 (11, 36) <0.001*

<0.001† <0.001†

    Mean 99 (75, 115.8) 112 (106.6, 120) <0.001*

DBP 
    Pre 48 (40, 60) 56 (50, 61) <0.001*

    Post 58 (40, 70) 67 (60, 74) <0.001*

    Change 6 (-3, 19) 10 (0, 20) 0.058*

0.002† <0.001†

    Mean 60 (40, 68.87) 67 (61, 72.5) <0.001*

HR
    Pre 102 (80, 120) 80 (70, 95) <0.001*

    Post 92 (77.5, 107) 80 (71, 88.25) <0.001*

    Change -7 (-22, 1.5) -2 (-12, 8) <0.001*

0.001† 0.007†

    Mean 87.5 (77.4, 106) 79 (71, 88) <0.001*

SBP: systolic blood pressure. DBP: diastolic blood pressure. HR: 
Heart rate. *P value between groups. †P value within group.

plication. There was a trend towards a higher 
incidence of complications in the non-survi-
vors group (P<0.05), including thrombocyto-
penia [6 (7.4%) vs. 3 (0.6), P<0.001], access-
site complication [7 (8.6%) vs. 12 (2.4%), 
P=0.004] and IABP failure [2 (2.5%) vs. 0 (0), 
P=0.02]. And more non-survivors prematurely 
withdrew IABP due to the intolerable compli-
cations to continue IABP support [4 (4.9%) vs. 
7 (1.4%), P=0.033]. No episodes of aortic dis-
section attributed to IABP counterpulsation in 
either group were noted. The incidences of 
systemic embolization or critical limb isch-
aemia were similar between the groups 
(P>0.05). The non-survivors were generally 
associated with a much higher rate of in-hos-
pital Major adverse clinical events. Table 4 
showed that cardiogenic shock, Mechanical 
complications, ventricular tachycardia/ven-
tricular fibrillation and MODS were much com-
mon in non-survivors (P<0.001). 

Multivariate binary logistic regression was 
summarized in Table 5. Risk factors associ-
ated with in-hospital mortality were advanced 
age (age > 65 years) (OR: 2.224, CI: 1.106-
4.475, P=0.025), prolonged time from symp-
tom onset to FMC (OR: 1.021, CI: 1.005-
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died in hospital were more frequently accompa-
nied with CS and mechanical complications. 
Most of these patients have poor end-organ 
function which gets amplified during sustained 
hypoperfusion [12]. In addition, Patients with 
CS often develop into deleterious consequenc-
es of systemic inflammatory response syn-
drome (SIRS) and multiple organ dysfunction 
syndromes (MODS) that ensues [13]. Previous 
studies have shown the occurrence of CS, 
mechanical complications, and ventricular 
arrhythmia often carries a grave prognosis [14-
19]. Consequently, these life-threatening com-
plications may still lead to the poor prognosis 
though intensive and multifaceted therapy 
including IABP is used. 

It is noteworthy that significant differences in 
vital signs including blood pressure and heart 
rate response to IABP between the 2 groups. In 
the non-survivors, there was lesser increase of 
systolic blood pressure after IABP insertion. 
Considering the irreplaceable role of systolic 
blood pressure influencing the perfusion of cor-
onary artery [20-23], this mild augmentation 
systolic blood pressure is correlated with poor 
in-hospital prognosis. Although heart rates 
decrease to some extent in both 2 groups dur-
ing IABP support, the magnitude of heart rate in 
non-survivors is still compromised comparing 
to survivors. Although temporal improvements 
of hemodynamic parameters such as blood 
pressure and heart rate are observed, IABP 

cannot improve the circulatory collapse status 
for patients whose cardiac function is already 
severely damaged. Patients whose hemody-
namics parameters have no significant 
response to IABP may derive less benefit from 
IABP support in terms of survival.

In our study, advanced age, prolonged time 
from symptom onset to FMC, diminished LVEF, 
Killip class III~IV and renal dysfunction (eGFR 
<60 ml/min/1.73 m2) were considered to be 
independent risk factors associated with in-
hospital mortality. Identification and attention 
to these risk factors might provide a mean of 
reducing in-hospital mortality. 2013 ACCF/AHA 
guideline for the management of ST-elevation 
myocardial infarction suggest that risk stratifi-
cations can provide an opportunity to integrate 
various patient characteristics and estimate a 
patient’s prognosis [24]. Therefore, a better 
understanding of the prognostic effects of 
these risk factors associated with in-hospital 
death in AMI supported by IABP would be help-
ful for clinical decision-making and adequate 
timing of IABP insertion. In-hospital outcome 
may be improved by early application of IABP 
prior to the emergence of end-organ failure. In 
addition, the multivariate binary logistic regres-
sion didn’t show admission SBP or HR was 
associated with increased risk of short-term 
deaths. This is presumably because some 
patients might be administered medication 
treatment that influenced the SBP and HR such 

Table 4. In-hospital balloon-related complications adverse clinical events
Non-survivors (n=81) Survivors (n=491) P

The complications
    IABP failure 2 (2.5) 0 (0) 0.02
    Aortic dissection (%) 0 (0) 0 (0) ——
    Systemic embolization (%) 0 (0) 2 (0.4) 0.565
    Critical limb ischemia (%) 1 (1.2) 0 (0) 0.142
    Thrombocytopenia (%) 6 (7.4) 3 (0.6) <0.001
    Access-site complication (%) 7 (8.6) 12 (2.4) 0.004
Withdraw IABP due to the complications 4 (4.9) 7 (1.4) 0.033
Major adverse clinical events
    Cardiogenic shock 68 (85.0) 84 (17.5) <0.001
    Mechanical complications 17 (21.0) 3 (0.6) <0.001
    Cerebral hemorrhage 1 (1.2) 0 (0) 0.142
    Pulmonary embolism 1 (1.2) 3 (0.6) 0.463
    VT/VF 34 (42) 96 (19.6) <0.001
    MODS 6 (7.4) 3 (0.6) <0.001
VT/VF: Ventricular tachycardia/ventricular fibrillation. MODS: multiple organ dysfunction syndromes.
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as inotropic or vasoactive agents before admis-
sion to the medical center. Hemodynamic 
parameters were obtained at hospital admis-
sion may have not accurately reflected the 
declining status of the patient prior to balloon 
insertion.

The most frequent complications in our study 
were access-site complication and thrombocy-
topenia. Although the incidence of complica-
tions associated with IABP is similar to other 
studies [10, 25], it is still higher in the non-sur-
vivors than the survivors. Though most of the 
deaths were related to the primary disease pro-
cess, there are some of deaths attributed to 
premature withdrawing of balloon due to intol-
erable complications to proceed with counter-
pulsation. We could presume that premature 
discontinuation of IABP’s support may cause 
hemodynamics deterioration. 

Emergency coronary angiography was per-
formed in over 80% of the patients. However, 
the results showed a much lower percent of 
revascularization rate in the non-survivors than 
in the survivors. Consistently with the results of 
previous studies [26, 27], present study showed 
that the widespread use of primary PCI as 
reperfusion therapy may reduce the mortality 
following AMI. Previous studies have shown the 
short term outcome in AMI patients supporting 
with IABP is influenced by reperfusion method 
[28, 29]. In recent years, many clinical trials 
[30-33] have shown that reperfusion therapy, 
especially primary PCI, was superior to conser-
vative treatment for improving left ventricular 
function, reducing the in-hospital mortality for 
patients with AMI. This suggests that IABP may 
be a more effective therapy modality when it is 
associated with effective revascularization. 
Without an effective reperfusion therapy to 
reduce the amount of myocardium at risk of 

that some of the sickest patients may have 
died before they could receive emergency 
revascularization therapy.

Limitation

The present study has some limitations. First, it 
is a retrospective observational analysis, the 
cohort included unselected, consecutive 
patients with a diagnosis of AMI supported by 
IABP, and ST-elevation myocardial infarction 
was not discriminated from non-ST-elevation 
myocardial infarction. The results might be 
attributed to some imbalances between the 
groups. Second, this is not a random and con-
trolled experiment which might bring some 
bias. Third, data regarding clinical characteris-
tics and results of emergency coronary angiog-
raphy were not available for all study patients. 
Fourth, we did not have adequate data regard-
ing underlying diseases in the patients and 
non-fatal major bleeding complications during 
the hospitalization.

Conclusion

IABP support may be more effective combined 
with revascularization for AMI patients whose 
hemodynamics is compromised. Patients 
accompanied with cardiogenic shock and other 
life-threatening complications may still have a 
poor prognosis though intensive and multifac-
eted therapy including IABP is used. Meanwhile, 
patient whose hemodynamics parameters 
have significant response to IABP may get ben-
efits with IABP to improve in-hospital survival. 
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Table 5. Risk factors of in-hospital mortality

Multivariate logistic regression Odds 
ratios B 95% CI P

Age >65 years 2.224 0.799 1.106-4.475 0.025

time from symptom onset to FMC 1.021 0.021 1.005-1.038 0.012

Killip class III-IV 11.167 2.413 3.895-32.019 <0.001
Renal dysfunction 2.497 0.915 1.325-4.705 0.008

LVEF <30% 3.043 1.113 1.117-8.288 0.029
FMC: first medical contact; LVEF: left ventricular ejection fraction.

irreversible damage, short 
term salvage strategies like 
IABP may not affect mortali-
ty. Therefore, it is of extreme 
significance for patients with 
AMI to receive timely and 
effective reperfusion thera-
py, which includes either 
thrombolysis or PCI. Also, the 
higher proportion of conser-
vative treatment with medi-
cation alone in non-survivors 
group may also reflect a fact, 



In hospital death in AMI with IABP support

8039 Int J Clin Exp Med 2015;8(5):8032-8041

Institute of Heart, Lung and Blood Vessel Disease, 
Anzhen 2 Road, Chaoyang District, Beijing 100029 
P. R. China. Tel: 0086-10-64456952; Fax: 0086-10-
64456952; E-mail: liuwenxian@medmail.com.cn

References

[1] Lozano R, Naghavi M, Foreman K, Lim S, 
Shibuya K, Aboyans V, Abraham J, Adair T, 
Aggarwal R, Ahn SY, Alvarado M, Anderson HR, 
Anderson LM, Andrews KG, Atkinson C, 
Baddour LM, Barker-Collo S, Bartels DH, Bell 
ML, Benjamin EJ, Bennett D, Bhalla K, Bikbov 
B, Bin AA, Birbeck G, Blyth F, Bolliger I, Boufous 
S, Bucello C, Burch M, Burney P, Carapetis J, 
Chen H, Chou D, Chugh SS, Coffeng LE, Colan 
SD, Colquhoun S, Colson KE, Condon J, Connor 
MD, Cooper LT, Corriere M, Cortinovis M, de 
Vaccaro KC, Couser W, Cowie BC, Criqui MH, 
Cross M, Dabhadkar KC, Dahodwala N, De Leo 
D, Degenhardt L, Delossantos A, Denenberg J, 
Des Jarlais DC, Dharmaratne SD, Dorsey ER, 
Driscoll T, Duber H, Ebel B, Erwin PJ, Espindola 
P, Ezzati M, Feigin V, Flaxman AD, Forouzanfar 
MH, Fowkes FG, Franklin R, Fransen M, 
Freeman MK, Gabriel SE, Gakidou E, Gaspari F, 
Gillum RF, Gonzalez-Medina D, Halasa YA, 
Haring D, Harrison JE, Havmoeller R, Hay RJ, 
Hoen B, Hotez PJ, Hoy D, Jacobsen KH, James 
SL, Jasrasaria R, Jayaraman S, Johns N, 
Karthikeyan G, Kassebaum N, Keren A, Khoo 
JP, Knowlton LM, Kobusingye O, Koranteng A, 
Krishnamurthi R, Lipnick M, Lipshultz SE, 
Ohno SL, Mabweijano J, MacIntyre MF, 
Mallinger L, March L, Marks GB, Marks R, 
Matsumori A, Matzopoulos R, Mayosi BM, 
McAnulty JH, McDermott MM, McGrath J, 
Mensah GA, Merriman TR, Michaud C, Miller 
M, Miller TR, Mock C, Mocumbi AO, Mokdad 
AA, Moran A, Mulholland K, Nair MN, Naldi L, 
Narayan KM, Nasseri K, Norman P, O’Donnell 
M, Omer SB, Ortblad K, Osborne R, Ozgediz D, 
Pahari B, Pandian JD, Rivero AP, Padilla RP, 
Perez-Ruiz F, Perico N, Phillips D, Pierce K, 
Pope CA 3rd, Porrini E, Pourmalek F, Raju M, 
Ranganathan D, Rehm JT, Rein DB, Remuzzi G, 
Rivara FP, Roberts T, De Leon FR, Rosenfeld 
LC, Rushton L, Sacco RL, Salomon JA, Sampson 
U, Sanman E, Schwebel DC, Segui-Gomez M, 
Shepard DS, Singh D, Singleton J, Sliwa K, 
Smith E, Steer A, Taylor JA, Thomas B, Tleyjeh 
IM, Towbin JA, Truelsen T, Undurraga EA, 
Venketasubramanian N, Vijayakumar L, Vos T, 
Wagner GR, Wang M, Wang W, Watt K, 
Weinstock MA, Weintraub R, Wilkinson JD, 
Woolf AD, Wulf S, Yeh PH, Yip P, Zabetian A, 
Zheng ZJ, Lopez AD, Murray CJ, AlMazroa MA, 
Memish ZA. Global and regional mortality from 
235 causes of death for 20 age groups in 

1990 and 2010: a systematic analysis for the 
Global Burden of Disease Study 2010. Lancet 
2012; 380: 2095-2128.

[2] Goldberg RJ, Spencer FA, Gore JM, Lessard D, 
Yarzebski J. Thirty-year trends (1975 to 2005) 
in the magnitude of, management of, and hos-
pital death rates associated with cardiogenic 
shock in patients with acute myocardial infarc-
tion: a population-based perspective. Circu- 
lation 2009; 119: 1211-1219.

[3] Kolte D, Khera S, Aronow WS, Mujib M, 
Palaniswamy C, Sule S, Jain D, Gotsis W, 
Ahmed A, Frishman WH, Fonarow GC. Trends in 
Incidence, Management, and Outcomes of 
Cardiogenic Shock Complicating ST-Elevation 
Myocardial Infarction in the United States. J 
Am Heart Assoc 2014; 3: e000590.

[4] Yeh RW, Sidney S, Chandra M, Sorel M, Selby 
JV, Go AS. Population trends in the incidence 
and outcomes of acute myocardial infarction. 
N Engl J Med 2010; 362: 2155-2165.

[5] Papaioannou TG, Stefanadis C. Basic princi-
ples of the intraaortic balloon pump and mech-
anisms affecting its performance. ASAIO J 
2005; 51: 296-300.

[6] van Nunen LX, van ‘t Veer M, Schampaert S, 
Steerneman BJ, Rutten MC, van de Vosse FN, 
Pijls NH. Intra-aortic balloon counterpulsation 
in acute myocardial infarction: old and emerg-
ing indications. Neth Heart J 2013; 21: 554-
560.

[7] Kantrowitz A, Tjonneland S, Freed PS, Phillips 
SJ, Butner AN, Sherman JL Jr. Initial clinical ex-
perience with intraaortic balloon pumping in 
cardiogenic shock. JAMA 1968; 203: 113-118.

[8] Jaffe AS, Apple FS. The third Universal 
Definition of Myocardial Infarction--moving for-
ward. Clin Chem 2012; 58: 1727-1728.

[9] Stevens LA, Coresh J, Greene T, Levey AS. 
Assessing kidney function--measured and esti-
mated glomerular filtration rate. N Engl J Med 
2006; 354: 2473-2483.

[10] Ferguson JJ 3rd, Cohen M, Freedman RJ Jr, 
Stone GW, Miller MF, Joseph DL, Ohman EM. 
The current practice of intra-aortic balloon 
counterpulsation: results from the Benchmark 
Registry. J Am Coll Cardiol 2001; 38: 1456-
1462.

[11] Windecker S, Kolh P, Alfonso F, Collet JP, 
Cremer J, Falk V, Filippatos G, Hamm C, Head 
SJ, Juni P, Kappetein AP, Kastrati A, Knuuti J, 
Landmesser U, Laufer G, Neumann FJ, Richter 
DJ, Schauerte P, Sousa UM, Stefanini GG, 
Taggart DP, Torracca L, Valgimigli M, Wijns W, 
Witkowski A. 2014 ESC/EACTS Guidelines on 
myocardial revascularization: The Task Force 
on Myocardial Revascularization of the 
European Society of Cardiology (ESC) and the 
European Association for Cardio-Thoracic 



In hospital death in AMI with IABP support

8040 Int J Clin Exp Med 2015;8(5):8032-8041

Surgery (EACTS) Developed with the special 
contribution of the European Association of 
Percutaneous Cardiovascular Interventions 
(EAPCI). Eur Heart J 2014; 35: 2541-2619.

[12] Landis ZC, Soleimani B, Stephenson ER, El-
Banayosy A, Pae WE. Severity of end organ 
damage as a predictor of outcomes after im-
plantation of left ventricular assist device. 
ASAIO J 2015; 61: 127-32.

[13] Prondzinsky R, Lemm H, Swyter M, Wegener N, 
Unverzagt S, Carter JM, Russ M, Schlitt A, 
Buerke U, Christoph A, Schmidt H, Winkler M, 
Thiery J, Werdan K, Buerke M. Intra-aortic bal-
loon counterpulsation in patients with acute 
myocardial infarction complicated by cardio-
genic shock: the prospective, randomized IABP 
SHOCK Trial for attenuation of multiorgan dys-
function syndrome. Crit Care Med 2010; 38: 
152-160.

[14] Aggarwal B, Ellis SG, Lincoff AM, Kapadia SR, 
Cacchione J, Raymond RE, Cho L, Bajzer C, 
Nair R, Franco I, Simpfendorfer C, Tuzcu EM, 
Whitlow PL, Shishehbor MH. Cause of death 
within 30 days of percutaneous coronary inter-
vention in an era of mandatory outcome re-
porting. J Am Coll Cardiol 2013; 62: 409-415.

[15] Mehta RH, Starr AZ, Lopes RD, Hochman JS, 
Widimsky P, Pieper KS, Armstrong PW, Granger 
CB. Incidence of and outcomes associated 
with ventricular tachycardia or fibrillation in pa-
tients undergoing primary percutaneous coro-
nary intervention. JAMA 2009; 301: 1779-
1789.

[16] Huikuri HV, Raatikainen MJ, Moerch-Joergen- 
sen R, Hartikainen J, Virtanen V, Boland J, 
Anttonen O, Hoest N, Boersma LV, Platou ES, 
Messier MD, Bloch-Thomsen PE. Prediction of 
fatal or near-fatal cardiac arrhythmia events in 
patients with depressed left ventricular func-
tion after an acute myocardial infarction. Eur 
Heart J 2009; 30: 689-698.

[17] Thiele H, Allam B, Chatellier G, Schuler G, 
Lafont A. Shock in acute myocardial infarction: 
the Cape Horn for trials. Eur Heart J 2010; 31: 
1828-1835.

[18] Kutty RS, Jones N, Moorjani N. Mechanical 
complications of acute myocardial infarction. 
Cardiol Clin 2013; 31: 519-531, vii-viii.

[19] French JK, Hellkamp AS, Armstrong PW, Cohen 
E, Kleiman NS, O’Connor CM, Holmes DR, 
Hochman JS, Granger CB, Mahaffey KW. 
Mechanical complications after percutaneous 
coronary intervention in ST-elevation myocar-
dial infarction (from APEX-AMI). Am J Cardiol 
2010; 105: 59-63.

[20] Boersma E, Pieper KS, Steyerberg EW, Wilcox 
RG, Chang WC, Lee KL, Akkerhuis KM, 
Harrington RA, Deckers JW, Armstrong PW, 
Lincoff AM, Califf RM, Topol EJ, Simoons ML. 

Predictors of outcome in patients with acute 
coronary syndromes without persistent ST-
segment elevation. Results from an interna-
tional trial of 9461 patients. The PURSUIT 
Investigators. Circulation 2000; 101: 2557-
2567.

[21] Fox KA, Dabbous OH, Goldberg RJ, Pieper KS, 
Eagle KA, Van de Werf F, Avezum A, Goodman 
SG, Flather MD, Anderson FA Jr, Granger CB. 
Prediction of risk of death and myocardial in-
farction in the six months after presentation 
with acute coronary syndrome: prospective 
multinational observational study (GRACE). 
BMJ 2006; 333: 1091.

[22] Lee KL, Woodlief LH, Topol EJ, Weaver WD, 
Betriu A, Col J, Simoons M, Aylward P, Van de 
Werf F, Califf RM. Predictors of 30-day mortal-
ity in the era of reperfusion for acute myocar-
dial infarction. Results from an international 
trial of 41,021 patients. GUSTO-I Investigators. 
Circulation 1995; 91: 1659-1668.

[23] Shiraishi J, Kohno Y, Sawada T, Hashimoto S, 
Ito D, Kimura M, Matsui A, Yokoi H, Arihara M, 
Irie H, Hyogo M, Shima T, Nakamura T, Matoba 
S, Yamada H, Matsumuro A, Shirayama T, 
Kitamura M, Furukawa K, Matsubara H. 
Prognostic impact of systolic blood pressure at 
admission on in-hospital outcome after prima-
ry percutaneous coronary intervention for 
acute myocardial infarction. J Cardiol 2012; 
60: 139-144.

[24] O’Gara PT, Kushner FG, Ascheim DD, Casey DE 
Jr, Chung MK, de Lemos JA, Ettinger SM, Fang 
JC, Fesmire FM, Franklin BA, Granger CB, 
Krumholz HM, Linderbaum JA, Morrow DA, 
Newby LK, Ornato JP, Ou N, Radford MJ, Tamis-
Holland JE, Tommaso CL, Tracy CM, Woo YJ, 
Zhao DX, Anderson JL, Jacobs AK, Halperin JL, 
Albert NM, Brindis RG, Creager MA, DeMets D, 
Guyton RA, Hochman JS, Kovacs RJ, Kushner 
FG, Ohman EM, Stevenson WG, Yancy CW. 
2013 ACCF/AHA guideline for the manage-
ment of ST-elevation myocardial infarction: ex-
ecutive summary: a report of the American 
College of Cardiology Foundation/American 
Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol 2013; 61: 485-
510.

[25] Perera D, Stables R, Thomas M, Booth J, Pitt 
M, Blackman D, de Belder A, Redwood S. 
Elective intra-aortic balloon counterpulsation 
during high-risk percutaneous coronary inter-
vention: a randomized controlled trial. JAMA 
2010; 304: 867-874.

[26] Abe D, Sato A, Hoshi T, Takeyasu N, Misaki M, 
Hayashi M, Aonuma K. Initial culprit-only ver-
sus initial multivessel percutaneous coronary 
intervention in patients with ST-segment eleva-
tion myocardial infarction: results from the 



In hospital death in AMI with IABP support

8041 Int J Clin Exp Med 2015;8(5):8032-8041

Ibaraki Cardiovascular Assessment Study reg-
istry. Heart Vessels 2014; 29: 171-177.

[27] Boersma E. Does time matter? A pooled analy-
sis of randomized clinical trials comparing pri-
mary percutaneous coronary intervention and 
in-hospital fibrinolysis in acute myocardial in-
farction patients. Eur Heart J 2006; 27: 779-
788.

[28] Sjauw KD, Engstrom AE, Vis MM, van der 
Schaaf RJ, Baan J Jr, Koch KT, de Winter RJ, 
Piek JJ, Tijssen JG, Henriques JP. A systematic 
review and meta-analysis of intra-aortic bal-
loon pump therapy in ST-elevation myocardial 
infarction: should we change the guidelines. 
Eur Heart J 2009; 30: 459-468.

[29] Sjauw KD, Engstrom AE, Vis MM, Boom W, 
Baan J Jr, de Winter RJ, Tijssen JG, Piek JJ, 
Henriques JP. Efficacy and timing of intra-aor-
tic counterpulsation in patients with ST-
elevation myocardial infarction complicated by 
cardiogenic shock. Neth Heart J 2012; 20: 
402-409.

[30] Gershlick AH, Banning AP, Myat A, Verheugt 
FW, Gersh BJ. Reperfusion therapy for STEMI: 
is there still a role for thrombolysis in the era of 
primary percutaneous coronary intervention. 
Lancet 2013; 382: 624-632.

[31] Bergh N, Angeras O, Albertsson P, Dworeck C, 
Matejka G, Haraldsson I, Ioanes D, Libungan 
B, Odenstedt J, Petursson P, Ridderstrale W, 
Ramunddal T, Omerovic E. Does the timing of 
treatment with intra-aortic balloon counterpul-
sation in cardiogenic shock due to ST-elevation 
myocardial infarction affect survival. Acute 
Card Care 2014; 16: 57-62.

[32] Li J, Li X, Wang Q, Hu S, Wang Y, Masoudi FA, 
Spertus JA, Krumholz HM, Jiang L. ST-segment 
elevation myocardial infarction in China from 
2001 to 2011 (the China PEACE-Retrospective 
Acute Myocardial Infarction Study): a retro-
spective analysis of hospital data. Lancet 
2015; 385: 441-51.

[33] Hochman JS, Boland J, Sleeper LA, Porway M, 
Brinker J, Col J, Jacobs A, Slater J, Miller D, 
Wasserman H. Current spectrum of cardiogen-
ic shock and effect of early revascularization 
on mortality. Results of an International 
Registry. SHOCK Registry Investigators. 
Circulation 1995; 91: 873-881.


