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 Introduction: Use of an intra-aortic balloon pump (IABP) during coronary 
artery bypass grafting (CABG) identifies a high-risk subgroup with substantial 
perioperative mortality. Determinants of outcome in this setting remain 
incompletely defined, particularly regarding hemodynamic severity and 
intraoperative timing of IABP insertion relative to cardiopulmonary bypass 
(CPB). We aimed to identify independent predictors of in-hospital mortality 
among CABG patients requiring IABP support and to evaluate whether the 
intraoperative interval between CPB separation and IABP insertion influences 
outcome. 
Methods: A retrospective analysis of CABG patients supported with IABP was 
performed. 113 patients who underwent on-pump CABG with IABP between 
March 2020 and March 2025 were included. Baseline characteristics, 
operative variables—including CPB time and precise intraoperative IABP 
timing—and postoperative outcomes were recorded. Multivariate logistic 
regression was used to identify independent predictors of mortality. 
Results: In-hospital mortality was high and consistent with previously 
reported surgical IABP cohorts. Lower preoperative ejection fraction, 
prolonged CPB duration, and higher inotrope requirement independently 
predicted mortality, indicating that outcome was primarily driven by 
myocardial dysfunction, bypass-related stress, and persistent hemodynamic 
instability. Sex was associated with mortality but was not a primary 
determinant of risk. The interval between CPB weaning and IABP initiation 
did not show statistical significance; however, interpretation was limited by 
substantial missing data and restricted variability in recorded timings. 
Conclusion: Among CABG patients requiring IABP, early mortality is 
determined mainly by the severity of ventricular dysfunction, operative 
complexity, and residual circulatory failure rather than by IABP use itself. 
Although the intraoperative timing of IABP relative to CPB separation was not 
statistically significant in this study, methodological limitations prevent 
ruling out a clinically significant effect. Prospective studies with precise, 
complete intraoperative timing data are needed to define optimal timing and 
refine risk stratification. 
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   Introduction 

   Coronary artery disease (CAD), caused by 
atherosclerotic plaque formation, is a leading 
cause of mortality globally and in Iran (1, 2). 
With the increasing prevalence of CAD in 
developing countries, including Iran, the 
World Health Organization (WHO) has 
prioritized the prevention and treatment of 
cardiovascular diseases in global health 
programs (3). 
   Clinical manifestations of CAD include chest 
pain, dyspnea, palpitations, irregular heart 
rhythm, weakness or dizziness, nausea, and 
diaphoresis (4). Several risk factors are well-
established contributors to its pathogenesis, 
including hypertension, cigarette smoking, 
hyperlipidemia, diabetes mellitus, and 
obesity (5). 
   Various therapeutic strategies are used in 
the management of CAD, including 
pharmacological therapy, percutaneous 
coronary intervention (PCI), and coronary 
artery bypass grafting (CABG) (6). Numerous 
studies have reported encouraging survival 
outcomes in CAD patients undergoing 
surgical treatment (7, 8). High-risk patients 
with CAD who are candidates for CABG 
frequently present with left ventricular (LV) 
dysfunction (9). Severe LV dysfunction 
(ejection fraction ≤35%) has been identified 
as a predictor of low cardiac output 
syndrome and increased mortality following 
CABG (10) . 
   Despite therapeutic advances, managing 
severe LV dysfunction during cardiac surgery 
remains challenging, necessitating 
mechanical circulatory support devices (11). 
One such mechanical support device is the 
intra-aortic balloon pump (IABP), which has 
been shown to be clinically beneficial in 
patients with moderate to severe reductions 
in ejection fraction following CABG (12). 
According to a survey of cardiothoracic 
surgeons in New York, the use of IABP after 
CABG is favored in practice over other 
mechanical support strategies such as 
Impella and extracorporeal membrane 
oxygenation (ECMO)(13,14). 
   Typically inserted via the femoral artery, 
the IABP improves hemodynamics by 
increasing coronary perfusion and reducing 
afterload through synchronous diastolic 
inflation and systolic deflation. Its 
affordability and ease of use make it a widely 

utilized post-surgical support device. 
Although complications such as limb 
ischemia, bleeding, and emboli can occur, 
direct IABP-related mortality is extremely 
low (~0.05%) (15). 
   In recent years, numerous studies have 
investigated the effectiveness of IABP in 
patients undergoing angiography and/or PCI, 
as well as the impact of preoperative or 
intraoperative IABP use in CABG surgery. 
However, there remains limited evidence 
regarding the effectiveness of IABP with 
respect to the postoperative timing of its 
insertion following CABG in improving 
survival among patients with CAD. Therefore, 
the aim of the present study is to identify 
predictors of mortality in CAD patients with 
cardiogenic shock who receive IABP 
following CABG.  

   Methods 

   Study Design and Setting 

   This retrospective study was conducted to 
evaluate the impact of IABP support on 
postoperative mortality among patients 
undergoing CABG. The study was performed 
at Ghaem Hospital, a tertiary referral 
teaching hospital affiliated with Mashhad 
University of Medical Sciences, Mashhad, 
Iran. 113 Patients who underwent CABG with 
IABP between March 2020 and March 2025 
were included. 

   Participants 

   All adult patients with coronary artery 
disease who underwent isolated on-pump 
CABG and required IABP support during or 
after surgery at Ghaem Hospital during the 
study period were considered eligible for 
inclusion. Only patients aged 18 years or 
older were included in the study. Patients 
were excluded if they had contraindications 
to IABP insertion, were in the acute phase of 
intracranial hemorrhage, underwent cardiac 
surgical procedures other than isolated 
CABG, or had received any form of 
mechanical circulatory support prior to 
surgery. 

  Data Collection and Variables 

  Clinical and demographic data were 
retrospectively extracted from hospital 
medical records using a standardized data 
collection form. Collected variables included
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age, sex, body mass index (BMI), and medical 
history of diabetes mellitus (DM), 
hypertension (HTN), smoking, and history of 
myocardial infarction. Preoperative cardiac 
variables included left ventricular ejection 
fraction (LVEF). 
   Operative variables included surgical 
priority (elective vs. emergency surgery), 
cardiopulmonary bypass (CPB) time, surgery 
duration, interval from CPB discontinuation 
to IABP insertion, types of inotropes 
(dobutamine, epinephrine, norepinephrine) 
with their doses, and in-hospital 30-day 
mortality. 

   Surgical Procedure and Myocardial 
Protection 

   All patients underwent CABG using 
standard surgical techniques, which included 
on-pump arrest, and on-pump beating. In 
cases utilizing cardioplegic on-pump arrest 
myocardial protection was achieved through 
intermittent antegrade administration of 
cardioplegia solution every 20 minutes 
during cardiopulmonary bypass. 

   Indications for IABP Support 

   IABP support was used in the following 
clinical situations: failure to wean from 
cardiopulmonary bypass despite maximal 
inotropic support; low cardiac output 
syndrome following difficult separation from 
CPB requiring high-dose inotropic agents; 
occurrence of significant ventricular 
arrhythmias (premature ventricular 
contractions or ventricular tachycardia) 
unresponsive to continuous antiarrhythmic 
therapy during separation from CPB; and 
postcardiotomy low cardiac output 
syndrome. Prophylactic use of IABP was not 
routinely performed. 

   IABP Insertion and Management 

   The intra-aortic balloon pump was inserted 
percutaneously via the common femoral 
artery using a Datascope IABP system 
(Datascope Corp., Paramus, NJ, USA). Correct 
positioning of the device was routinely 
confirmed by chest radiography in the 
intensive care unit (ICU). When mediastinal 
drainage decreased to less than 50 mL/h, 
anticoagulation therapy with intravenous 
heparin infusion was initiated to maintain an 
activated clotting time (ACT) between 180 

and 200 seconds. First-generation 
cephalosporins were routinely administered 
as prophylactic antibiotics during the period 
of IABP support. 

   Outcome Measures 

   The primary outcome of the study was 
postoperative mortality. Operative mortality 
was defined as death occurring within 30 
days after surgery or during the same 
hospitalization. 
    Due to the retrospective nature of the study 
and a high rate of missing the time interval 
from CPB discontinuation to IABP insertion in 
the medical records, analyzing the exact 
timing as a continuous variable was not 
feasible. Due to the profound significance of 
this concept in our current study, our team 
has investigated it further in a separate 
manuscript that is currently pending 
publication. To evaluate the impact of 
treatment strategy, 248 patients (admitted 
between April 2016 and October 2024) were 
dichotomized into two qualitative groups 
based on their primary clinical approach: (1) 
early IABP insertion, and (2) preference for 
higher doses of inotropic agents. 

    Ethical Considerations 

    The study protocol was approved by the 
Ethics Committee of Mashhad Medical 
Science Islamic Azad University. All patient 
information was handled confidentially and 
analyzed anonymously in accordance with 
institutional and ethical guidelines. Ethics 
Code: IR.IAU.MSHD.REC.1403.031.  

   Statistical Analysis 

   Statistical analyses were performed using 
SPSS v20. Continuous variables were 
expressed as mean ± SD or median (IQR) 
based on Shapiro-Wilk normality testing and 
compared using independent t-tests or 
Mann-Whitney U tests, respectively. 
Categorical variables were reported as 
frequencies (%) and compared via Chi-
square. Variables demonstrating clinical 
relevance or P < 0.20 in univariate analysis 
were evaluated using univariate logistic 
regression. Finally, the four most clinically 
relevant variables were included in a 
multivariable logistic regression model to 
identify independent predictors of mortality. 
Statistical significance was set at P < 0.05.
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   Results 

   A total of 113 patients were included in the 
study, of whom 46 (40.7%) died and 67 
(59.3%) survived. 
   The mean age of the patients was 63.7±10.5 
years, with no significant difference between 
the deceased and alive groups (66.1±9.2 vs. 
62.1±11.2 years, P=0.17). Overall, 71 patients 
were male and 42 were female. Death 
occurred in 23 of 42 females (54.8%) and 23 
of 71 males (32.4%), demonstrating a 
significant association between sex and 
mortality (P=0.02). The median BMI was 
25.60 (6.93), with no significant difference 
between groups [25.78 (7.7) vs. 25.49 (7), 
P=0.11] (Table 1). 
   Among clinical risk factors, prior 
myocardial infarction (n=76), smoking 
(n=38), hypertension (n=85), and diabetes 
mellitus (n=48) were not significantly 
associated with mortality (all P>0.05). 
Preoperative ejection fraction (EF) was 

significantly associated with mortality 
(P=0.005), with mortality rates of 57.1% in 
patients with EF 10–30%, 27.5% in those 
with EF 30–50%, and 25.0% in those with EF 
50–70%. Emergency surgery was performed 
in 68 patients and showed no significant 
association with mortality (P=0.75) (Table 1). 
    The median CABG duration was 240 (50) 
minutes and did not differ significantly 
between groups [245 (75) vs. 235 (55), 
P=0.18]. In contrast, CPB time was 
significantly longer in the deceased group [81 
(68) vs. 66.5 (30), P=0.001]. The interval to 
IABP insertion did not differ significantly 
between groups [9.5 (16) vs. 6 (12), P=0.71] 
(Table 1). 
   Regarding inotropic support, patients who 
died received higher median doses of 
dobutamine [100 (50) vs. 50 (50), P=0.03] 
and a greater number of epinephrine 
ampoules [5 (9) vs. 2 (3), P=0.001], whereas 
norepinephrine use was not significantly 
different (P=0.22) (Table 1). 

Table 1. Baseline clinical and intraoperative characteristics of the patients. 
 Total (n=113) Deceased (n=46) Alive (n=67) P-value 

Demographic variables 
Age (years) 
Male, n(%) 
BMI(Kg/m2), Median (IQR) 

 
63.7±10.5 
71(62.8%) 
25.6(6.9) 

 
66.1±9.2 

23(50.0%) 
25.8(7.7) 

 
62.1±11.2 
48(71.6%) 
25.5(7.0) 

 
0.17 
0.02* 
0.11 

Clinical risk factors 
History of MI, n(%) 
Smoking, n(%) 
Hypertension, n(%) 
Diabetes mellitus, n(%) 

 
76(67.3%) 
38(33.6%) 
85(75.2%) 
48(42.5%) 

 
31(67.4%) 
14(30.4%) 
36(78.3%) 
19(41.3%) 

 
45(67.2%) 
24(35.8%) 
49(73.1%) 
29(43.3%) 

 
0.97 
0.67 
0.69 
0.99 

Preoperative EF(%) 
10-30 
30-50 
50-70 

 
49(43.4%) 
51(45.1%) 
12(10.6%) 

 
28(60.9%) 
14(30.4%) 

3(6.5%) 

 
21(31.3%) 
37(55.2%) 
9(13.4%) 

 
0.005* 

Emergency Surgery, n(%) 68(60.2%) 29(63.0%) 39(58.2%) 0.75 
Operative variables 

CABG duration(min), Median (IQR) 
CPB Time(min), Median (IQR) 
Interval to IABP(min), Median (IQR) 

 
240(50) 

69.5(39.7) 
6.5(13) 

 
245(75) 

81.0(68.0) 
9.5(16) 

 
235(55) 
66.5(30) 
6.0(12) 

 
0.18 

0.001* 
0.71 

Inotropes 
Inotrope Types 

One Type 
Two Types 

Three Types 

 
 

17(15.0%) 
34(30.1%) 
59(52.2%) 

 
 

4(8.7%) 
14(30.4%) 
26(56.5%) 

 
 

13(19.4%) 
20(29.9%) 
33(49.3%) 

 
0.28 

Dobutamine(mg), Median (IQR) 50(50) 100(50) 50(50) 0.03* 
Epinephrine(n), Median (IQR) 2(5) 5(9) 2(3) 0.001* 
Norepinephrine(n), Median (IQR) 1(1) 1(1) 1(1) 0.22 
Note. * Statistically significant  
Abbreviations: BMI: Body mass index, EF: Ejection fraction, CABG: Coronary Artery Bypass Grafting, CPB: 

Cardiopulmonary Bypass, IABP: Intraoperative Balloon Pump, OR: Odd ratio, CI: Confidence Interval.  
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In univariate logistic regression analysis, 
sex (OR=2.526, 95% CI: 1.152–5.539, 
P=0.021), BMI (OR=1.083, 95% CI: 1.001–
1.172, P=0.048), preoperative EF (OR=0.951, 
95% CI: 0.919–0.985, P=0.005), CPB time 
(OR=1.022, 95% CI: 1.009–1.035, P=0.001), 
and epinephrine use (OR=1.161, 95% CI: 
1.059–1.273, P=0.001) were significantly 
associated with mortality, while age, CABG 
duration, dobutamine dose, and interval to 
IABP insertion were not (Table 2). 

Multivariate logistic regression identified 
sex (OR=3.605, 95% CI: 1.413–9.198, 
P=0.007), preoperative EF (OR=0.950, 95% 
CI: 0.914–0.987, P=0.009), CPB time 
(OR=1.016, 95% CI: 1.000–1.032, P=0.045), 
and the number of epinephrine ampoules 
administered (OR=1.139, 95% CI: 1.021–
1.270, P=0.020) as independent predictors of 
in-hospital mortality (Table 3).

Table 2.Univariate regression analysis for clinical, and intraoperative variables. 
Variable OR CI 95% P-value 

Age 1.038 1.000-1.079 0.053 

Sex (Female) 2.526 1.152-5.539 0.021* 

BMI 1.083 1.001-1.172 0.048* 

Preoperative EF (%) 0.951 0.919-0.985 0.005* 

CABG duration (min) 1.006 1.000-1.011 0.062 

CPB Time (min) 1.022 1.009-1.035 0.001* 

Interval to IABP (min) 1.025 0.953-1.103 0.508 

Dobutamine (mg) 1.005 0.999-1.011 0.083 

Epinephrine (n) 1.161 1.059-1.273 0.001* 
Note. * Statistically significant  
Abbreviations: BMI: Body mass index, EF: Ejection fraction, CABG: Coronary Artery Bypass Grafting, CPB: 

Cardiopulmonary Bypass, IABP: Intraoperative Balloon Pump, OR: Odd ratio, CI: Confidence Interval.  

Table 3. Multivariate regression analysis for clinical, and intraoperative variables. 
Variable OR CI 95% P-value 

Sex (Female) 3.605 1.413-9.198 0.007* 

Preoperative EF (%) 0.950 0.914-0.987 0.009* 

CPB Time (min) 1.016 1.000-1.032 0.045* 

Epinephrine (n) 1.139 1.021-1.270 0.020* 
Note. * Statistically significant 
Abbreviations: EF: Ejection fraction, CPB: Cardiopulmonary Bypass, OR: Odd ratio, CI: Confidence Interval.  

   Discussion 

   This study identified key determinants of 
in-hospital mortality among CABG patients 
requiring IABP support. Reduced 
preoperative ejection fraction, prolonged 
CPB duration, and higher epinephrine 
requirement independently predicted 
mortality, underscoring that the outcome in 
this population is primarily driven by the 
severity of perioperative myocardial 
dysfunction and hemodynamic compromise 
rather than the use of IABP per se. 
   The mortality rate in our study (40.7%) is in 
line with previous reports in high-risk CABG 
populations requiring IABP. Mottahedi et al. 
reported 41.7% mortality (16), and 
Muhammad Aasim et al. observed 38.2% 
mortality (17). Ahmad et al. described 
mortality of 35.7% in the IABP subgroup (18). 

These figures are higher than those reported 
in elective low-EF prophylactic IABP cohorts, 
such as Kralev et al. (19), and lower than 
critically ill non-surgical or mixed 
PCI/angiography populations, such as 
Bochenek et al. (20). Thus, IABP use during 
CABG identifies a very high-risk subgroup 
with substantial perioperative mortality. 
   Left ventricular dysfunction consistently 
emerges as a central theme. Lower 
preoperative ejection fraction was 
independently associated with mortality, 
concordant with Sohail et al., Bochenek et al., 
Mottahedi et al., and Aasim et al. (16, 17, 20, 
21). Ahmad et al. and Gao et al. showed that 
reduced LVEF strongly predicts 
perioperative IABP insertion (18, 22). Gao et 
al. demonstrated that LVEF <50% was 
independently associated with IABP use 
across all age and sex strata, and combining 
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LVEF with other clinical and biochemical 
markers improved prediction performance 
compared with LVEF alone (22). Therefore, 
impaired ventricular reserve drives the need 
for mechanical support and strongly 
influences prognosis. 
   Operative complexity and bypass-related 
injury were also important. Prolonged CPB 
time independently predicted mortality, in 
agreement with Mottahedi et al. (16). 
Extended CPB reflects more complex surgery 
and contributes to greater myocardial 
ischemia–reperfusion and inflammatory 
stress, predisposing to refractory low cardiac 
output despite IABP support. 
   The independent association between 
mortality and epinephrine requirement 
highlights the prognostic importance of 
persistent circulatory failure. Expressing 
inotropic burden as the epinephrine 
ampoules used emphasizes that, beyond the 
presence of IABP, the intensity of 
pharmacologic support required to maintain 
perfusion is a powerful marker of risk. 
Although most previous CABG/IABP studies 
did not quantify inotropic exposure in detail, 
lower vasoactive-inotropic requirements in 
prophylactic IABP series such as Kralev et al. 
are consistent with the concept that 
catecholamine dependence reflects more 
advanced hemodynamic derangement (19). 
Studies indicate that the use of high doses, 
specifically epinephrine, in patients with 
cardiogenic shock is associated with a 
significant increase in 30-day mortality (23). 
Therefore, clinical guidelines emphasize that 
these medications should be administered at 
the lowest effective dose for the shortest 
possible duration solely to maintain vital 
organ perfusion. 
   Regarding sex, mortality was higher among 
women; however, most IABP cases were 
male, mirroring the male predominance in 
IABP cohorts reported by Ahmad et al., Aasim 
et al., and Gao et al. (17, 18, 22). Gao et al. 
found that IABP application rates were 
similar between men and women, with LVEF 
remaining the dominant predictor (22).  
   The timing of IABP insertion deserves 
special consideration. Previous studies 
generally reported better outcomes with 
preoperative insertion. For example, Lavana 
et al., Pieri et al., and other series have 
demonstrated higher mortality with later 

IABP deployment (10, 24), and Aasim et al. 
observed high mortality associated with 
intraoperative insertion (17). While the exact 
minute-by-minute interval between CPB 
weaning and IABP initiation did not reach 
statistical significance in our dataset due to 
missing data, shifting to a categorical 
approach in our other study yet to be 
published with 248 patients demonstrated 
that an early IABP insertion strategy yielded 
significantly better recovery rates than 
relying on higher inotrope doses (P=0.04). 
This highlights the survival benefit of earlier 
mechanical support. Further prospective 
work with complete timing documentation is 
warranted. 
   Finally, traditional comorbidities (diabetes, 
hypertension, and prior MI) were not 
independent mortality predictors, broadly 
consistent with Mottahedi et al. (16). In 
contrast, Ahmad et al. and Gao et al. showed 
these comorbidities are associated with IABP 
insertion (18, 22). Thus, chronic risk factors 
may identify patients needing IABP, but once 
mechanical support is needed, short-term 
survival is predominantly driven by acute 
physiological variables—ventricular 
function, CPB duration, and inotropic burden. 
Taken together, IABP in CABG marks 
advanced perioperative risk. Mortality is 
largely determined by the underlying 
severity of myocardial dysfunction and 
operative injury, while the impact of very 
early intraoperative IABP deployment 
relative to CPB remains an important clinical 
question. 

  Limitation 

  This retrospective, single-center study has 
several limitations, including unmeasured 
confounding and limited generalizability. The 
modest sample size of IABP patients reduces 
statistical power for subgroup analyses. 
Crucially, missing data and limited variability 
regarding the precise timing of IABP 
initiation relative to CPB restricted our 
analysis to qualitative categories rather than 
continuous variables; thus, the lack of a 
significant timing effect may represent a type 
II error. Finally, only early, in-hospital 
outcomes were evaluated. Future 
prospective, multicenter studies with 
standardized intraoperative recording and 
long-term follow-up are required.
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   Conclusion  

   In CABG patients requiring IABP, in-hospital 
mortality is primarily driven by myocardial 
dysfunction and operative complexity. 
Reduced preoperative ejection fraction, 
prolonged CPB time, and increased 
epinephrine requirements independently 
predicted death. Although IABP timing 
relative to CPB weaning was not statistically 
significant—largely due to data limitations—
these patients represent a high-risk cohort. 
Our findings emphasize optimizing 
myocardial protection, minimizing CPB 
duration, and considering early 
hemodynamic support, while highlighting the 
need for rigorous prospective trials to 
determine optimal IABP timing and patient 
selection. 
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