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Abstract 

Objectives: To evaluate the efficacy of prolonged intra-aortic balloon pumping (IABP) 

support in patients with cardiogenic shock following acute myocardial infarction 

(AMI).  

Methods: Thirty-nine patients with cardiogenic shock after AMI were treated with 

percutaneous coronary intervention which was supported by IABP.  After 72 hours 

of IABP, the patients who attained the criteria of IABP withdrawal were randomly 

divided into two groups.  The control group ceased IABP whereas the study group 

continued IABP for additional seven days.  

Results: After IABP, mean arterial pressure, cardiac index, left ventricle ejection 

fraction and arterial oxygen saturation were significantly elevated in all patients 

whereas pulmonary capillary wedge pressure and heart rate were decreased.  The 

improvement of cardiac index, left ventricular ejection fraction and pulmonary 

capillary wedge pressure in the study group was greater than the control group 

(P<0.05).  After 12-month follow-up, the 6-min walking test and left ventricular 

ejection fraction in the study group were significantly higher than those of the control 

group (P<0.05).  No significant differences were noted between the two groups in 

the incidence ventricular aneurysm and mortality rate.  

Conclusion: Prolonged use of IABP for up to 10 days offers additional long term 
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benefit in left ventricular function and exercise tolerance. 

Key words: Intra-aortic balloon pumping; acute myocardial infarction; cardiogenic 

shock; percuteneous coronary intervention. 

Introduction 

 Intra-aortic balloon pumping (IABP) remains one of the most common cardiac assist.  

It was initially used for the treatment of patients with cardiogenic shock and left 

ventricular pump failure (1).  IABP increases cardiac output, arterial pressure urine 

output, and decreases pulmonary capillary wedge pressure (1, 2).  Although IABP 

alone has little mortality benefit in patients with cardiogenic shock, a combination of 

IABP and early angiography and myocardial revascularization improves survival (2). 

Patients with acute myocardial infarction (AMI) and cardiogenic shock treated with 

thrombolytics and IABP have significantly improved outcomes (2-6).  The clinical 

benefits of IABP observed in the previous studies are largely based on a short-term 

IABP support, often less than 72 h (2).  Whether prolonged IABP support would 

further improve cardiac function and prognosis in patients with cardiogenic shock 

following AMI is unclear.  

Patients and methods 

Patient selection 

This study was approved by the institutional review board of Taishan City Central 

Hospital.  Informed consent was obtained from all participating patients.  Between 

http://content.onlinejacc.org/cgi/content/full/41/11/1946#BIB9#BIB9
http://content.onlinejacc.org/cgi/content/full/41/11/1946#BIB12#BIB12
http://content.onlinejacc.org/cgi/content/full/41/11/1946#BIB13#BIB13
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August 1998 and August 2004, 51 patients were admitted to the Cardiology 

Department of Taishan City Central Hospital for cardiogenic shock after AMI.  

These patients received emergency IABP as well as PCI.  Ten patients (19.6%) died 

during the first few hours of hospital admission.  The survivals (n=41) were selected 

for the study. 

    The diagnosis of AMI was based on clinical and laboratory findings, angina 

pectoris, ST-elevation on body surface ECG and increase in blood CK-MB and/or 

troponin I.  Cardiogenic shock was defined as systolic blood pressure less than 80 

mm Hg or reduced by more than 20% from the baseline measurement, and was 

accompanied by poor peripheral perfusion symptoms such as peripheral cyanosis, 

oliguria and cold extremities.  These patients were given intravenous infusion of 

dopamine at a dose above 20µg/kg/min but the cardiac index (CI) was less than 2.0 

L/m2/min, pulmonary capillary wedge pressure (PCWP) was above 20mmHg and 

central venous pressure(CVP) was more than 15 mmHg.  In addition, the urine 

volume was less than 0.5ml/kg/h. 

    All patients had a Killip's cardiac functional class IV and three-vessel coronary 

disease after coronary angiogram. 

IABP was continued in the 41 survivals for 72 hr.  Thirty-nine of the 41 patients 

met the pre-determined criteria for IABP withdrawal, and were selected for the study. 

There were 22 males and 17 females, with an average age of 66.34±10.69 (range, 

41-79) years.  These patients were randomly divided, using a random draw of 



CSU Research Output 
http://researchoutput.csu.edu.au 

6

numbers from a container, into control group (n=19), in which IABP was ceased after 

the initial 72 h of therapy，and study group (n=20), where IABP was continued for 

another seven days.  The baseline characteristics of patients are shown in Table 1. 

 

General management strategies 

All patients were treated with standard therapies for ST-elevation MI, such as oxygen, 

morphine for pain relief, anti-platelet therapy, anticoagulation with heparin, 

intravenous dopamine and dobutamine.  Contraindications to IABP were excluded 

(4)，IABP was initiated in the cardiac catheterization laboratory, immediately before 

PCI.  IABP was continued after PCI and patients were observed in the coronary care 

unit.  

 

IABP therapy 

    A Swan-Ganz catheter was inserted via the right subclavian vein to the right 

ventricle to measure cardiac output (CO), pulmonary artery pressure (PAP), PCAWP, 

and CVP.  CI was calculated from CO and heart rate. 

    Under local anesthesia, a 9-French IABP balloon catheter (Cardiac Assist 940) as 

inserted via femoral artery.  The tip of the balloon was positioned in the descending 

aorta, 1-2 cm below the left sublavian artery.  The catheter was then connected with 

the intra-aortic balloon conterpulsation device (Datascope-90).  

    Following were the criteria for IABP withdrawal: 1) improvement in clinical 
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symptoms, such as warm extremities, increase in urine volume (>30ml/h); 2) systolic 

blood pressure >100mmHg and mean arterial pressure (MAP) >70mmHg after 

cessation of pressure-increase drugs such as dopamine; 3) HR<100 beats/min without 

life-threatening arrhythmias.  The frequency and volume of balloon pumping was 

first reduced then ceased.  

 

Follow-up 

    Echocardiography was used to assess left ventricular function 12 months after 

hospital discharge.  The echocardiogrphers involved in the examination were blinded 

to the patient groupings.  Under the guidance of two-dimensional echocardiography, 

M-mode was used to measure end-systolic and end-diastolic diameter.  A modified 

Simpson method was used to calculate left ventricular ejection fraction (LVEF), 

end-systolic (LVESV) and end-diastolic volume (LVEDV).  Six-min walking 

distance was used to assess the exercise tolerance 12 months after the hospital 

discharge.  

 

Statistical analysis 

    Data were expressed as means ± SD.  ANOVA test was used to analyze the 

difference in parameters between groups.  Categorical data were analyzed with 

Chi-square test, using SPSS10.0 statistics software.  P<0.05 was considered 

statistically significant. 
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Results 

Effect of IABP on hemodynamics and left ventricular function within 72 h 

    In all patients, gradual elevation of blood pressure and improvement in clinical 

symptoms were found 1-2 hrs after IABP.  There was also an increase in urine 

volume and blood oxygen saturation levels, enabling the investigators to proceed with 

PCI in the catheterization laboratory.  The average blood pressure, HR, SaO2, CI, 

LVEF, and PCWP after 72-hr IABP are shown in Table 2.  

 

Effect of 7-day IABP therapy 

    The baseline clinical characteristics and ventricular function were similar 

between the study (continued with 7-day IABP) and control group (IABP ceased after 

72 h therapy) (Table 1).  

    At the end of 7-day IABP therapy, the average LVEF, LVESV and LVEDV in the 

study group were significantly better than that of the control group (Table 3). There 

was no significant difference in heart rate, blood pressure, CI and PCWP between the 

two groups (p>0.05). There was no infection or vascular complications in this group 

of patients. 

 

Long-term effect of prolong IABP 

    All patients were followed up for 12 months.  At discharge and during the 
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follow up, the percentage of patients on angiotensin-converting enzyme inhibitors 

(100% for the control group and 95% for the study group) and β-blockers (63% for 

the control group and 60% for the study group) was similar between the two groups 

(P>0.05).   Two (10.5%) patients from the control group and one (5.0%) patient 

from the study group died during the follow up (P>0.05).  Left ventricular aneurysm 

was detected in six (31.6%) and seven patients (35.0%), respectively, from the control 

and the study group (P>0.05).  With the surviving patients, however, the LVEF, 

LVESV, LVEDV and 6-min walking distance in the study group were higher than that 

of the control group (Table 4).  There was no infection, aortic regurgitation or 

dissection, systemic thromboembolism, limb ischemia, re-infarction, or hospital 

re-admission in the patients from the study group. 

 

Discussion 

Cardiogenic shock following AMI remains a leading cause of death in AMI patients; 

with mortality rate as high as 60% to 70 % (7, 8).  Patients who underwent IABP had 

a significantly lower mortality rate, especially in those who had received concomitant 

thrombolytic treatment (9).  Recently, the SHOCK trial showed that early 

revascularization with a high utilization of IABP led to a significant improvement of 

6-month and 1-year mortality rates (10, 11).  In the 23 180 patients in the National 

Registry of Myocardial Infarction 2 (NRMI-2) with cardiogenic shock, the use of 

IABP in conjunction with thrombolytic therapy decreased the odds of death by 18% 
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(12).  

The physiologic principle of counterpulsation is a rapid decrease in intra-aortic 

pressure synchronized to left ventricular ejection followed by a rapid increase in 

intra-aortic pressure during left ventricular isovolumic relaxation (13).  This leads to 

reduced impedance to left ventricular ejection and increased diastolic pressure which 

improves coronary perfusion pressure.  Ultimately, cardiac work load is reduced and 

myocardial oxygen demand is decreased with concomitant increase in myocardial 

oxygen supply (13).  These physiologic effects are of particular therapeutic value in 

patients with cardiogenic shock as a result of AMI (5, 6, 13).  In our study on 39 

patients with cardiogenic shock and AMI, IABP support of 72 h resulted in a 

significant improvement in blood pressure and left ventricular function. 

The clinical benefits from prolonged IABP treatment have not been fully studied. 

A study in the early 1980’s showed that in patients with chronic heart failure from 

ischemic and non-ischemic causes and hypotension, IABP assist for more than 20 

days has no additional short-term mortality benefit but is associated with an increased 

complication rates (e.g. infections and bleeding) compared with shorter therapy (<20 

days) (1).  However, prolonged IABP extends patient’s long-term survival and 

provides additional months of life (1).   

In our study, IABP was extended to another seven days after the first 72 h 

therapy.  This prolonged therapy is not associated with increased incidence of 

cardiovascular complications.  However, it further improved the left ventricular 
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function compared with those who received only 72-h IABP.  The prolonged therapy 

did not reduce 12-month mortality but it improved cardiac function and exercise 

tolerance 12 months after the hospitalization.  The additional outcome benefits from 

the prolonged IABP may be due to a number of reasons, such as improved myocardial 

protection due to enhanced coronary perfusion following prolonged IABP (14).  

    A potential limitation of this study is that the sample size is relatively small; 

therefore conclusions on the effect of prolonged IABP support on mortality and other 

cardiac events, such as ventricular aneurysm rate or re-infarction, can not be drawn 

with confidence.  However, this pilot study does demonstrate that prolonged IABP 

therapy is associated with an improved NYHA functional class and LVEF.  It is of 

some interest to note that although there is a significant improvement in the left 

ventricular function in the study group, average LVEDV and LVESV in the group is 

higher than that of the control group.  These differences cannot be explained by the 

use of heart failure medications, such as angiotensin-converting enzyme inhibitors or 

β-blockers, which is similar between the two groups.  Further studies on the IABP 

therapy and ventricular remodelling are required. 

   In summary, this prospective study has demonstrated that prolonged IABP in 

patients with cardiogenic shock following AMI provides significant outcome benefits 

12 months after the therapy.  There is a continued improvement in left ventricular 

function and exercise tolerance.  Continued IABP for 10 days does not appear to 

increase the incidence of cardiovascular complications as compared with 3-day IABP 
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Therapy.  The effect of prolonged IABP on long-term mortality and ventricular 

remodelling requires further investigation.  
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Table 1. Comparison of clinical characteristics and left ventricular function between 

the study and control groups.  

 Control (n﹦19) Study (n﹦20) P value 

Age (yrs) 64.9±10.7 67.4±10.8 NS 

Sex (Male/female)  12/7 12/8 NS 

Type 2 diabetes (%) 42 45   NS 

Renal Failure (%) 21 15% NS 

COPD (%) 10 11 NS 

Duration of chest pain 

before PCI (min) 
244.3±43.1 256.4±44.5 

NS 

MAP (mmHg) 88.2±12.4 90.1±12.6 NS 

HR（bpm） 86.2±16.3 85.6±16.5 NS 

LVEF(﹪) 44.6±5.9 44.8±6.3 NS 

PCWP (mmHg) 15.8±3.5 13.9±2.9 NS 

CI (L/m2/min) 3.3±0.6 3.2±0.3 NS 

NS: p>0.05. 
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Table 2. Changes in blood pressure and cardiac function 72 h after IABP (n=39). 

 Before 72h after P value 

SBP (mmHg) 76.5±15.3 113.3±17.5 <0.001 

DBP (mmHg) 45.2±8.4 77.3±11.3 <0.001 

MAP (mmHg) 54.9±9.7 89.1±12.4 <0.001 

HR（bpm） 115.5±20.2 85.7±15.4 <0.001 

SaO2 (﹪) 75.2±15.3 98.3±1.4 <0.001 

LVEF (﹪) 30.1±6.9 44.2±6.1 <0.001 

PCWP (mmHg) 26.7±4.1 14.1±3.3 <0.001 

CI (L/m2/min) 2.0±0.2 3.4±0.4 <0.001 
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Table 3. Effect of 7-day IABP on cardiac function.  

 Control group (n=19) Study group (n=20) P 

LVEF (﹪) 45.3±6.8 51.7±7.8 0.04 

LVESVI (ml/m2) 65.8±13.5 77.2±17.5 0.03 

LVEDVI (ml/m2) 52.5±10.4 61.9±12.6 0.02 
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Table 4. Results of 12-month follow-up.  

 Control group(n=17) Study group (n=19) P 

NYHA class 2.3 ± 0.7 1.8 ± 0.5 0.02 

LVEF(﹪) 47.5±9.2 53.8±9.8 0.04 

LVESV(ml/m2) 68.3±13.2 79.2±17.1 0.02 

LVEDV(ml/m2) 53.1±9.2 63.5±12.9 0.03 

6-min walking 

distance（m） 
375.2±82.4 450.4±95.3 0.02 

 

 


