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Abstract 

Background: The need for mechanical circulatory support to improve organ perfusion may be considered in the 

management of post cardiac arrest syndrome patients. Intra-Aortic Balloon Pump (IABP) is the most available and 

convenient used mechanical circulation aid especially in developing countries such as Indonesia. 

 

Objectives: This study aimed to find out whether early insertion of IABP can reduce in-hospital mortality, length of 

stay, cell death markers, and improving lactate clearance of cardiac arrest patients due to acute coronary syndrome 

(ACS). 

 

Methods: A randomized trial conducted in National Cardiovascular Center Harapan Kita (NCCHK) Hospital from 

October 2017–December 2018. Inclusion criteria were all post cardiac arrest due to ACS patients aged 18–75 years. 

Exclusion criteria were history of stroke, anisocoric pupil, previous IABP use, aortic regurgitation, Brugada syndrome, 

and congenital long QT syndrome. Primary outcome was in-hospital mortality analyzed with cox regression analysis 

with intention-to-treat principle. 

 

Results: A total of 60 post cardiac arrest due to ACS patients, 30 in intervention group and 30 controls included in this 

study. In hospital mortality of intervention group vs control was 18 (60%) vs. 17 (56.67%) respectively ([p = 0.793; 
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hazard ratio 1.29; [CI] 95% 0.66–2.52). There was no differences in length of stay, cell death marker or lactate 

clearance in both group. 

 

Conclusion: Early insertion of IABP did not reduce in hospital mortality, length of stay, cell death marker or improve 

lactate clearance in post cardiac arrest patient due to ACS. 

 

Keywords: Cardiac arrest; IABP 

 

Introduction 

Cardiac arrest is the most devastating shock condition, characterized by whole body ischemia which results in 

cessation of oxygen circulation, reperfusion, and metabolic substrate, leading to accumulation of metabolic waste [1, 

2]. Cardiac arrest incidence is still high. Non-traumatic out of hospital cardiac arrest incidence in United States range 

around 350,000 or 80 per 100,000 adults, with a survival rate of 9.5% after hospitalization [3, 4]. In Europe, out of 

hospital cardiac arrest incidence was 37-55 per 100.000 population per year [5]. Acute coronary syndrome (ACS) is the 

most common cause of cardiac arrest. Cardiac arrest requires immediate resuscitation to return spontaneous circulation. 

 

Despite spontaneous circulation returns, the morbidity and mortality in post cardiac arrest patients is still high [6]. 

Approximately 60% of patients admitted to hospital after cardiac arrest die of complications. Deaths that occur within 

24 hours after return of spontaneous circulation (ROSC) are usually caused by refractory shock that causes recurrent 

cardiac arrest or multi organ failure [7]. Post cardiac arrest syndrome is a complex and unique pathophysiological 

process, consisting of post cardiac arrest brain injury, myocardial dysfunction, systemic response to ischemia/ 

reperfusion, and pathological processes that cause cardiac arrest [1, 4]. The severity of the process varies widely, 

depends on the comorbid before the onset of cardiac arrest, the cause and duration of cardiac arrest. 

 

Management of post cardiac arrest patients still challenging and requires a structured approach for hemodynamic 

stabilization, neuroprotective strategy, identifying and treating the etiology of arrest to prevent recurrence. The need of 

mechanical circulatory support to improve organ perfusion during post cardiac arrest syndrome may be considered. 

Intra-Aortic Balloon Pump (IABP) is the most available and convenient used mechanical circulation aid especially in 

developing countries such as Indonesia [8]. In several studies on cardiac arrest, IABP have been used with insertion 

rates of 22% to 46% of phoatients [4]. Nevertheless, the use of IABP is still in debate. Previous multicenter study 

IABP Shock-II trial found that IABP support does not reduce in hospital mortality in patients with cardiogenic shock 

complicating myocardial infarction undergone early revascularization [9]. Therefore, in this study we aimed to find out 

whether early insertion of IABP can reduce in-hospital mortality, length of stay, cell death markers and improve lactate 

clearance of post cardiac arrest patients due to acute coronary syndrome. 

 

 

 



Cardiol Cardiovasc Med 2019; 3 (4): 193-203                                                                            DOI: 10.26502/fccm.92920067 

 

 
 
Cardiology and Cardiovascular Medicine                            Vol. 3 No. 4 - August 2019. [ISSN 2572-9292]                                                     195 

Materials and Methods 

Patients Population 

This study is a single centered randomized trial conducted in National Cardiovascular Center Harapan Kita (NCCHK) 

Hospital, Jakarta, Indonesia from October 2017 until December 2018. Study population were post cardiac arrest  

patients due to acute coronary syndrome aged at least 18 to 75 years. Post cardiac arrest patients defined as patients 

with returned of spontaneous circulation after cardiopulmonary resuscitation marked by palpable pulse and detectable 

blood pressure. Cardiac arrest event defined as sudden cessation of heart contraction and spontaneous circulation 

marked by impalpable pulse, loss of consciousness, absence of breathing or gasping and abnormal cardiac rhythm on 

ECG monitor (ventricular tachycardia ventricular fibrillation, pulseless electrical activity (PEA), or asystole) happened 

inside NCCHK hospital. 

 

Exclusion criteria were (1) previous history of stroke, (2) anisocoric pupil, (3) previous used of IABP during 

hospitalization, (4) aortic regurgitation, (5) Brugada or congenital long QT syndrome. This study was approved by 

ethics committees of NCCHK Hospital number LB.02.01/VII/190/KEP.042/2017. Patients or their legally authorized 

representatives provided written informed consent using a previously validated and dedicated informed consent 

process. 

 

The patient selection algorithm is illustrated in Figure 1. 

 

Between October 2017 until December 2018, there’s 242 cardiac arrest patient with successful resuscitation. A total of 

60 patients meeting the inclusion and exclusion criteria comprised the final study population. Patients were randomized 

into two group (intervention group with early IABP insertion n=30, control group n= 30). The randomization protocol 

done via an internet-based program and stratification according to center with blocks of six patients from 

http://www.randomization.com. In intervention arm, there’s only 21 patients receiving intervention because 6 were 

died before IABP insertion, 1 progressed into cerebrovascular disease, and 2 discontinue treatment by family request. 

After randomization, vital sign, lactate serum, Interleukin-6, and Caspase-3 were measured in 30 minute after 

enrollment. Insertion of IABP was done within 180 minutes in designated group. Six hour after ROSC, lactate serum, 

Interleukin-6, and Caspase-3 were measured as well. 

 

Study definition 

The primary end-point of this study was in hospital mortality. Early insertion defined by insertion of IABP within 180 

minutes (3 hours) after ROSC. Secondary outcome was length of stay, cell death marker (caspase-3), lactate clearance, 

and Interleukin-6 level 6 hour after ROSC.  

 

Statistical analysis 

All data analysis performed with SPSS 24th edition for Mac. Continuous variables are reported as means ± standard 

deviation if normally distributed and as median (interquartile range) if abnormal. Categorical values are expressed as 

absolute values and percentages. Continuous variables from independent samples were compared by student’s t-test or 
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Mann Whitney u test depending on normality. Categorical variables were compared with χ2 test or Fisher exact test as 

appropriate. Survival analysis done with cox regression proportional hazard model adjusted for important risk co-

variables.  Statistical significance was defined as p < 0.05. 

 

 

Figure 1: Study population diagram. CVD, cerebrovascular disease; IABP, intra-aortic balloon pump 

 

 

Results 

A total of 20.787 in-hospital patients during study period, 742 patients had cardiac arrest. About 242 (32.61%) cardiac 

arrest patient successfully resuscitated. Of these, 30 patients received IABP and 30 patients did not. Baseline and 

procedural characteristics of the two groups are presented in Table 1.  
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Characteristics IABP (n=30) Control (n=30) 

Sex   

Male 26 (86.67%) 23 (76.67%) 

Female 4 (13.33%) 7 (23.3%) 

Age (years) 58.68±9.38 60.93±9.56 

Body weight (kg) 67.11±15.48 63.9±12.37 

Body height (cm) 164.36±5.8 162.87±6.57 

BMI (kg/m2) 24.81±5.32 23.95±3.48 

Risk Factor   

Hypertension 21 (70%) 12 (40%) 

Diabetes Mellitus 19 (63.33%) 15 (50%) 

Dyslipidemia 13 (43.33%) 6 (20%) 

Smoking 16 (53.33%) 17 (56.67 %) 

Family History 4 (13.33%) 5 (16.67%) 

Prior Myocardial Infarction 

Prior PCI 

Prior CABG  

Prior valvular heart disease 

14 (46.67%) 

8 (26.67%) 

4 (13.33%) 

3 (10%) 

13 (43.3%) 

6 (20%) 

1 (3.3%) 

1 (3.3%) 

CPR duration (minute) 10 (0.5-60) 10 (2-50) 

Defibrillation (times) 1(0-4) 1(0-6) 

Intubation 20 (66.67%) 19 (63.33%) 

Cerebral Performance Category (CPC) 

1 

2 

3 

4 

5 

 

0 

8 (26.67%) 

5 (16.67%) 

17 (56.67%) 

0 

 

0 

7(23.33%) 

10 (33.33%) 

13 (43.33%) 

0 

Systolic BP post ROSC (mmHg) 102.57±31.32 100.53±23.86 

Diastolic BP post ROSC (mmHg) 62.14±19.26 64.77±17.1 

Heart Rate post ROSC (bpm) 99.57±20.96 92.17±21.6 

SGOT 127(8-7913) 47(10-3360) 

SGPT 72(5-4491) 41(10-1734) 

Ureum 74.2(19.2-279) 77.6(23.2-623) 

Creatinin 1.95(0.8-9.19) 2.03(0.76-5.08) 

Hs TropT 2066(29-35859) 1145(76-14394) 
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NT Pro BNP 8849(188-97138) 21634(56-10525) 

Caspase-3 30 min after ROSC (pg/mL) 0.2(0-3.25) 0.18(0- 1.01) 

Lactate serum 30 min after ROSC (mmol/L) 5.65(1.5-13) 4.05(1.1-20) 

Interleukin-6 30 min after ROSC (pg/mL) 61.7(7.2-39933) 112.9(19-17028) 

 

IABP = Intra-Aortic Balloon Pump; BMI = Body Mass Index; SGOT= Serum glutamic oxaloacetic transaminase; 

SGPT = serum glutamate-pyruvate transaminase; CPC = Cerebral Performance Category; CABG = Coronary Artery 

Bypass Graft; HsTropT = high sensitivity Troponin-T; NT-Pro BNP = N-Terminal Pro B-type Natriuretic Peptide; 

ROSC = Return of spontaneous circulation 

 

Table 1: Baseline Characteristics 

 

The IABP group was predominantly male and had a higher prevalence hypertension, DM, dyslipidemia, prior CABG 

and valvular heart disease history, worse CPC, higher SGOT, HsTropT, and lower NT Pro BNP level. Of all 60 

subjects recruited, overall in-hospital mortality rate was 58,3%. Primary and secondary outcomes are presented in 

Table 2. In hospital mortality of intervention group vs control was 18 (60%) vs 17 (56,67%) respectively. Chi square 

analysis showed no difference in mortality between two group [p 0.793; RR= 1.059 (0.690- 1.625)]. 

 

 IABP (n =30) Control (n=30) P-value 

Primary Outcome    

Mortality 18 (60%) 17 (56.67%) 0.793* 

[RR= 1.059 (0.690- 1.625)] 

Secondary Outcome    

Length of Stay (days) 14 (2-45) 14 (5-29) 0.728** 

Caspase-3 6 hour after ROSC 

(pg/mL) 

0.15 (0.11-0.61) 0.17(0.1-0.78) 0.458** 

Lactate serum 6 hour after 

ROSC (mmol/L) 

2.7 (0.9-20) 2.8 (1.5-18.9) 0.423** 

Interleukin-6 6 hour after ROSC 

(pg/mL) 

36.1(19.3-96046) 65.55(10.7-16393) 0.114** 

 

*chi-square test; **Mann-Whitney U test; ROSC = Return of Spontaneous Circulation 

 

Table 2: Primary and Secondary Outcome of Both Group 

 

The effectiveness of early IABP in this study was determined by calculating the survival rate during hospitalization and 

calculating the hazard ratio. The survival rate for IABP group vs control was 11.5% (standard error [SE] 10.3 %) vs 
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27.5% ([SE] 10.6%) respectively, with log rank test p-value 0.428. Cox’s regression analysis showed increase trend of 

Hazard Ratio in IABP group (HR 1.29; [CI] 95% 0.66-2.52; p value = 0.459) (See Figure 2). Therefore, early insertion 

of IABP did not reduce in-hospital mortality of post cardiac arrest patients due to ACS. 

 

Figure 2: Cumulative Incidence of In Hospital Mortality. HR= Hazard Ratio; IABP = Intra-Aortic Balloon Pump 

 

Discussion 

In this prospective randomized controlled trial of post cardiac arrest patients due to acute coronary syndrome, IABP 

support did not reduce in hospital mortality compared with control. 

 

Post-cardiac arrest syndrome begins after the return of spontaneous circulation. Studies show that the cardiac arrest 

mortality rate is still high. This is caused by prolonged systemic ischemia causes brain and heart dysfunction. In this 

study, the resuscitation’s success rate was 32.61%, but the hospital survival rate for patients was 19.1% ([SE] 8.10%). 

The UK National Health Service (NHS) study shows the success rate of resuscitation is 13–27% and the degree of 

hospital survival 2–12% [10]. Resuscitation Council National Cardiac Arrest Audit (NCAA) reports a 45% success rate 

of resuscitation and hospital survival rate 18.4% [11]. Success resuscitation rate and hospital survival rate are not much 

different from previous studies. 

 

Intra-Aortic Balloon Pump is used in subjects with especially high risk of death in real-world practice. Similar findings 

regarding the unavailing effects of IABP use on certain population mortality have been reported in several previous 

studies. IABP use in populations of cardiogenic shock complicating AMI was reported to have no benefit in SHOCK II 

study by Thiele et al compared with controls, with 30-day mortality rate 43% vs 45% respectively [9]. IABP use in the 

population after cardiac arrest is also reported by the KAMIR study to be of no benefit. In 2015, Kim et.al investigate 
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IABP use in patients with cardiogenic shock complicating AMI after cardiac arrest. This study was conducted in 1359 

AMI patients with complications from cardiogenic shock after cardiac arrest. This study obtained that compared to 

control, the IABP group had worse outcomes in terms of mortality rates after multivariate analysis [hazard ratio (HR) 

1.22, 95% confidence interval (CI) 1.02–1.47, p = 0.034] without increasing the incidence of recurrent MI, stroke, and 

major bleeding [12]. Burkoff et al. In 2006 reported in patients with cardiogenic shock, IABP improved hemodynamics 

but had the same mortality as controls. Studies comparing IABP use with Impella, the 2008 ISAR-SHOCK trial and 

IMPRESS in Severe Shock Trial in 2017, show IABP and Impella have no different 30-day mortality rates, even 

though Impella improves the cardiac index [13, 14]. 

 

Cerebral performance category remains significant risk factor for mortality after adjustment for other variable in this 

study. Previous studies by Sinkovic et al. in 2018 stated that post cardiac arrest brain injury assessed by CPC was an 

independent predictor of mortality out-of-hospital cardiac arrest (OHCA) with adjusted OR 50.47 (6.74 -377.68); p 

value <0.001 [15]. In our study, cerebral performance category remains significant risk factor for mortality with hazard 

ratio = 2.178, CI (1.089-4.357); p <0.05. We hypothesized that poor cerebral performance category in IABP group 

explained why intervention did not improve mortality in this population. Post resuscitation period is dominated by the 

process of global ischemia and complex reperfusion injury resulting in oxygen depletion, membrane dysfunction, and 

re-oxygenation reactions, resulting in the toxicity of free radicals. The pathophysiology background results in particular 

severe cardio-circulatory shock, post cardiac arrest brain injury, multi-organ failure, and inflammation. Post cardiac 

arrest brain injury is a complication of a syndrome after long-term resuscitation that depends on the time of ischemia 

and reperfusion [15]. 

 

The process of dying is goes through very complex mechanisms. During the ischemic phase, when cardiac arrest 

occurs and there is no spontaneous circulation, the production of adenosine triphosphate (ATP) decreases. Decreased 

ATP production causes membrane plasma depolarization, opening of calcium channels and disruption of potential 

mitochondrial membranes. This causes an increase in the concentration of calcium in the cytoplasm resulting in cell 

death. Cellular hypoxia also triggered stress in reticulum endoplasm, which subsequently activate executor Caspases to 

initiate apoptosis cascade [16]. Previous study by Prescimone et al. show his study of end-stage heart failure patients 

who performed LVAD installation showed that LVAD as a mechanical aid increased cardiac output and improved 

organ perfusion, thereby reducing apoptosis marked by reduce in Caspase-3 level [17]. In our study IABP did not 

improve apoptosis in post cardiac arrest as there’s no significant difference in 6 hour Caspase-3 level. 

 

In the reperfusion phase, when blood flow starts from chest compression or spontaneously, free radicals are formed. 

Free radicals cause cell death and endothelial damage. Damaged endothelium triggers systemic inflammation 

characterized by an increase in one of the levels of inflammatory cytokines interleukin-6 (IL-6). These factors cause 

pathological vasodilation, decreased heart function, to multi-organ failure. Neutrophils that are activated in the lungs 

and other organs become triggers for multi-organ failure [1, 18]. 

 

Increase in lactate serum also occurs in the early phase of cardiac arrest. Several studies reported that a decrease in 
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lactate levels is one of the prognostic values of successful management of shock and cardiac arrest. Donnino et al. 

reported that effective lactate clearance is associated with decreased early and overall in-hospital mortality in post-

cardiac arrest patients, they show rapid restoration of tissue perfusion [19]. Lee et.al also stated also reported that in 

patients treated with hypothermia, lactate clearance of 6 hours and 12 hours had a significant association with better 

neurological status [20]. 

 

Several limitations in this study are first, the study population are limited in survival. Second, there’s few subjects 

dropped out from the study because of several reasons, such as repeated cardiac arrest, family request, and progression 

to stroke. 

 

Conclusions 

Management of post cardiac arrest syndrome is still challenging with high mortality rate. Early insertion of IABP did 

not show any clinical benefit in post cardiac arrest patients due to acute coronary syndrome. Further studies are needed 

to observed the effect of IABP in cardiac arrest in different population.  
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