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Abstract

Background The intra-aortic balloon pump (IABP) technigue plays a crucial role in providing circulatory support
for patients experiencing hemodynamic instability. This study aimed to assess the effectiveness and safety of
preoperative prophylactic IABP insertion in patients undergoing acute critical coronary artery bypass grafting (CABG).

Methods A comprehensive search was conducted in PubMed, Cochrane Library, and Embase databases, covering
the period from January 1995 to September 2022.

Results The incidence of renal insufficiency, mechanical ventilation exceeding 24 h, and bleeding events in the IABP
group did not exhibit significant differences compared to the control group (relative risk [RR]=0.85, P=0.26; RR=0.81,
P=0.08; RR=0.95, P=0.87). However, the hospital mortality rate was significantly lower in the IABP group than in

the control group (RR=0.54, P=0.0007), and the length of ICU stay was shorter in the IABP group (mean difference
[MD] =-1.12, P<0.000001). The IABP group also exhibited a lower incidence of low cardiac output syndrome

(LCOS%) compared to the control group (RR=0.61, P<0.0001), and a lower incidence of major adverse cardiac and
cerebrovascular events (MACCE%) (RR=0.70, P=0.001). No significant publication bias was observed in the funnel
plot analysis.

Conclusion Preoperative prophylactic insertion of IABP is currently considered beneficial in improving outcomes for
critically ill patients undergoing CABG. This technique reduces hospital mortality, shortens ICU stays, and lowers the
incidence of LCOS% and MACCE%.
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Background

Intra-aortic balloon counterpulsation (IABP) is a well-
established and widely utilized technique in clinical
practice, commonly employed in the management of
acute and critically ill patients. However, there remains
ongoing debate regarding the necessity of preoperative
prophylactic IABP implantation in patients undergo-
ing coronary artery bypass grafting (CABG) [1]. Given
the high perioperative mortality rate associated with
CABG in critically ill patients, influenced by factors such
as age, comorbidities, and cardiovascular diseases, it is
imperative to systematically evaluate the impact of pre-
ventive IABP implantation on post-CABG patient out-
comes [2]. While chemotherapy and physical therapy are
viable treatment options for perioperative heart failure
support, physical therapy, including the insertion of an
intra-aortic balloon pump (IABP) and other ventricular
assist devices, has shown to be more effective with fewer
adverse effects. Among these options, IABP serves as a
versatile and economically advantageous intervention,
capable of reducing ventricular afterload, enhancing
coronary artery perfusion, and increasing cardiac output
[3]. The use of IABP for patient treatment dates back to
1962 [4]. Research has demonstrated favorable therapeu-
tic effects when combining IABP with pharmacological
interventions in high-risk CABG patients [5]. Numer-
ous animal studies have highlighted the benefits of pro-
phylactic intra-aortic balloon counterpulsation (IABP)
prior to CABG. However, conflicting findings have been
reported, suggesting varying opinions [2]. Some studies
have indicated that preoperative IABP implantation in
CABG patients results in lower hospital mortality rates,
reduced cardiac event incidence, shorter ICU stays, and
decreased rates of major adverse cardiac and cerebrovas-
cular events (MACCE). Conversely, other studies have
presented contradictory conclusions [6]. The objective
of this meta-analysis is to comprehensively evaluate the
efficacy of prophylactic IABP insertion prior to coronary
artery bypass grafting, incorporating recent randomized
controlled trials. The primary endpoint of this study is
hospitalization mortality rate, while secondary endpoints
include the incidence of low cardiac output syndrome
(LCOS), duration of intensive care, incidence of MACCE,
incidence of renal dysfunction, incidence of mechani-
cal ventilation exceeding 24 h, and incidence of bleeding
events [7].

Methods

The protocol for this systematic review has been regis-
tered on the PROSPERO website (www.crd.york.ac.uk/
PROSPERO) under the registration ID: CRD4202335690.
The current study adheres to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.
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A comprehensive search strategy was employed using a
combination of controlled vocabulary terms and free-text
keywords in PubMed, Embase, and Cochrane Library
databases, encompassing the inception of the databases
until September 2022. The aim was to identify all relevant
randomized controlled trials investigating the effects of
preoperative prophylactic insertion of IABP in patients
undergoing coronary artery bypass grafting. Addition-
ally, a manual search was conducted to include any rel-
evant unpublished references. The selection of studies for
inclusion was performed independently by two review-
ers, and any discrepancies were resolved through consul-
tation with a third reviewer. We used the following MeSH
and keyword search strategies: ((((((((((Intra Aortic Bal-
loon Pumping ) OR (Intraaortic Balloon Pumping)) OR
(Balloon Pumping, Intraaortic)) OR (Pumping, Intraaor-
tic Balloon)) OR (Pumping, Intra-Aortic Balloon )) OR
(Balloon Pumping, Intra-Aortic)) AND (Pumping, Intra
Aortic Balloon)) OR (IABP)) OR (intraaortic counter-
pulsation)) AND (((((((((((((Artery Bypass, Coronary) OR
(Artery Bypasses, Coronary)) OR (Bypasses, Coronary
Artery)) OR (Coronary Artery Bypasses)) OR (Coronary
Artery Bypass Surgery)) OR (Bypass, Coronary Artery))
OR (Aortocoronary Bypass)) OR (Aortocoronary
Bypasses)) OR (Bypass, Aortocoronary)) OR (Bypasses,
Aortocoronary)) OR (Bypass Surgery, Coronary Artery))
OR (Coronary Artery Bypass Grafting)) OR ( CABQG)))
AND ((((randomized controlled trial) OR (Clinical Tri-
als, Randomized)) OR (Trials, Randomized Clinical)) OR
(Controlled Clinical Trials, Randomized)). The search
process is not restricted by language, and the screening
of articles typically involves an initial selection of prelim-
inary articles based on titles or abstracts, followed by a
comprehensive evaluation of the entire text to determine
the final set of articles.

Inclusion criteria: This analysis exclusively includes
data from randomized controlled trials involving adult
participants aged>18 years who underwent coronary
artery transplantation. The selected patients had severe
coronary artery stenosis, usually exceeding 70% stenosis,
and required coronary artery bypass grafting surgery. The
definition of critically ill patients may vary across stud-
ies depending on the study’s objectives, field, and specific
research design. Generally, critically ill patients are those
with abnormal vital signs, organ dysfunction, or facing
life-threatening conditions due to a significant illness or
trauma.

Exclusion criteria: Patients with cardiogenic shock,
animal studies, reviews, observational studies, duplicate
reports, low-quality studies, and studies without relevant
data will be excluded.

This article adheres to the principles outlined in the
“Cochrane Intervention System Evaluation Manual” Two
researchers independently assessed the eligibility of the
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included studies, compared their findings, and resolved
any discrepancies through discussion. If disagreements
persisted, a third researcher acted as an arbitrator. Spe-
cialized tables were used to collect detailed informa-
tion from the literature, including the article’s primary
author, publication year, country of publication, sam-
ple size, timing of IABP placement, average European
score, LVEF, average age, and whether non-pump coro-
nary artery bypass grafting was performed. The primary
outcome assessed was hospital death, with secondary
outcomes including the incidence of LCOS, duration of
intensive care, incidence of MACCE, incidence of renal
insufficiency, incidence of mechanical ventilation lasting
approximately 24 h, and incidence of bleeding events. In
cases where relevant research data could not be directly
obtained from the literature, efforts were made to acquire
the data by directly contacting the corresponding authors
or sending emails.

For statistical analysis, Review Manager version 5.4 was
employed. The impact of binary variables was analyzed
using relative risk, while mean difference was used to
assess the impact of continuous variables. A 95% confi-
dence interval was calculated. In case of suspected het-
erogeneity, the chi-square test was employed for analysis,
and the I2 value was used for quantitative evaluation. If
the study exhibited low heterogeneity (P>0.1, 12<50%),
both fixed effects models and random effects models
were considered for data analysis, with a preference for
random effects models. However, in the presence of
high heterogeneity (P<0.1, 12>50%), a random effects
model was mandated. Subgroups were created based on
race and the performance of non-pump coronary artery
bypass grafting to explore potential causes of heterogene-
ity. Sensitivity analysis was conducted by systematically
excluding individual studies to examine the robustness
of the results against various exclusion criteria. Addi-
tionally, if applicable, a funnel plot was utilized to assess
publication bias. Metaregression, a statistical analy-
sis method, was employed to evaluate the relationship
between research outcomes and individual patient char-
acteristics. It aids in determining the extent to which spe-
cific characteristics (such as age, gender, baseline disease
status, etc.) influence research results. Considering these
factors allows for a more accurate understanding and
comparison of the research findings. Subgroup analysis
involves dividing study participants into different sub-
groups based on specific characteristics and conducting
separate analyses for each subgroup. This approach helps
assess whether treatment outcomes differ among various
patient subgroups. When conducting metaregression and
subgroup analysis, it is crucial to ensure the reliability
and quality of the data, as well as the adequacy of sample
size. Additionally, attention should be paid to potential
variations in other study factors. Minimizing the impact
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of these factors can be achieved through meticulous
research design, rigorous data collection, and thorough
analysis. Weighted average methods are typically used to
evaluate the magnitude of effects in meta-analysis, con-
sidering factors such as sample size, research variance,
and weight coefficients.

Results

We screened a total of 368 articles and identified 13 ran-
domized controlled trials (RCTs) [8—20] for inclusion in
this study, which involved a total of 1657 patients (Fig. 1).

The study population was divided into an experimen-
tal group and a control group based on the performance
of preoperative intra-aortic balloon counterpulsation
(IABP). The experimental group comprised 825 patients,
while the control group comprised 832 patients (Tables 1
and 2).

All the articles included in this study were predomi-
nantly RCTs, and we used the Cochrane collaboration
bias risk assessment tool to evaluate the methodological
quality of each trial. The included studies were assessed
for seven characteristics: random sequence generation,
allocation concealment, blinding of participants and per-
sonnel, blinding of outcome assessment, incomplete out-
come data, selective reporting (Fig. 2a).

Hospital mortality rate (Fig. 3) Thirteen RCTs were
analyzed to assess the hospital mortality rate. A total
of 1657 patients were included, with 825 in the experi-
mental group and 832 in the control group. Based on
the results of the fixed effects model, the preoperative
mortality rate in the experimental group was signifi-
cantly lower than that in the control group (relative risk:
RR=0.54, 95% confidence interval: 0.38—0.77, P=0.0007).
No significant publication bias was observed, as dem-
onstrated by the funnel plot (Fig. 2b). Specifically, there
were 42 deaths in the experimental group and 77 deaths
in the control group.

ICU length of stay (Fig. 4) Twelve studies compared the
ICU length of stay. The IABP group exhibited a relatively
shorter ICU hospitalization time compared to the con-
trol group (mean difference: MD=1.12, 95% confidence
interval: -1.48 to -0.76, P<0.00001). Due to heterogeneity
(P<0.0001, 12=72%), subgroup analysis was conducted
based on the race of OPCAB patients and whether they
were OPCAB patients (Fig. 5). Based on race, the sub-
groups were divided into Asian and Caucasian patients
(Fig. 6). Subgroup analysis revealed that the ICU hospi-
talization time in the Asian IABP group was significantly
shorter than that in the control group (MD=1.42, 95%
confidence interval: -1.67 to -1.16, P<0.0001), with low
heterogeneity (P=0.78, 12=0%). In the Caucasian sub-
group analysis, the ICU hospitalization time in the IABP
group was significantly lower than that in the control
group (MD=1.02, 95% confidence interval: -1.49 to -0.55,
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Fig.1 Study flow diagram

P<0.001), with high heterogeneity (P<0.0001, 12=74%).
In the subgroup analysis of OPCAB patients, the ICU
hospitalization time in the IABP group was shorter than
that in the control group (MD=1.44, 95% confidence
interval: -1.68 to -1.21, P<0.00001), with low heteroge-
neity (P=0.82, 12=0%). Additionally, for patients who
did not undergo OPCAB, the ICU hospitalization time
in the IABP group was lower than that in the control
group (MD=0.93, 95% confidence interval: -1.45 to -0.41,
P=0.0004), with high heterogeneity (P=0.0001, 12=74%).

LCOS% (Fig. 7) Nine studies compared the incidence
of Low Cardiac Output Syndrome (LCOS%). The analysis
revealed a lower incidence of LCOS in the IABP group

96 of records after duplicates
removed

230 of records Irrelevant
16 of records Meta-ananlysis

One article was an
observational study

5 of records review

3 of records retrospective study

3 of full-text
articles Cannot
extract data

One article was a
repeat experiment

compared to the control group (RR=0.61, 95% confi-
dence interval: 0.48-0.77, P<0.001).

MACCE% (Fig. 8) Nine studies investigated the occur-
rence of Major Adverse Cardiac and Cerebrovascular
Events (MACCE%). The results indicated a lower inci-
dence of MACCE in the IABP group compared to the
control group (RR=0.70, 95% confidence interval: 0.56—
0.87, P=0.001).

Renal insufficiency (%) (Fig. 9) Nine studies assessed
the occurrence of renal insufficiency (%). No significant
difference was observed in the incidence of renal dys-
function between the IABP group and the control group
(RR=0.85, 95% confidence interval: 0.64—1.13, P=0.26).
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Table 1 Characteristics of the included studys

Study IABP Con- Date location Timing of IABP placement Priorto Mean EuroScore LVEF Mean Age OPCAB
trol surgery (points) (%)
(hours)

Christenson 1997 32 20 1994- Switzerland <24;<2 - 34 64 No
1996

Christenson HTN 1997 19 14 1994-  Switzerland <2 - 326 65 No
1996

Christenson REDO 1997 24 24 1994- Switzerland <5 - 325 65 No
1996

Christenson 1999 30 30 1997- Switzerland <24:<12;,<2 - 26 63 No
1998

Marra 2002 30 30 1999- Italy <2 - 285 o4 No
2001

Christenson 2003 15 15 1994-  Switzerland <1.5 - 29 64 yes
1996

Qiu, Z 2009 115 106 2000- China <24 12.58 296 78 yes
2008

Wilczynski 2010 243 259 2004- Poland <1 74 378 652 No
2008

Metz 2011 52 52 2003- Germany <2 6.61 435 74 No
2004

Shi 2011 107 125 1999- China <1 184 353 652 yes
2010

Ranucci 2013 55 55 2009- ltaly <1 10.2 29 66.2 No
2012

Rocha 2018 90 91  2014- Brazl <24 6 40 64.4 No
2016

Litton 2020 13 11 2015- Australia <24 4.7 30 63 No
2016

Table 2 Results of a randomized controlled trial

Study Hospital mor-  LCOS (%) ICU stay (days/h) MACCE (%) renal insuffi- ventilatory Bleeding (%)
tality (%) ciency (%)) support>=24h
(%))
IABP Control IABP Control IABP Control IABP Control IABP Control IABP Control IABP Control
Christenson 6.25 25 281 60 24+09 34411 3.1 5 219 30 219 20 NR
1997
Christenson 0 214 11 64 24+09 34+1.1 NR 263 286 NR NR
HTN 1997
Christenson 0 16.6 16.7 541 239+09 359+1.1 42 4.2 125 167 16.7 25 4.2 42
REDO 1997
Christenson 3.3 20 37 83 4844293 1164+678 NR NR NR NR
1999
Marra2002 6.7 23 NR 111272 139£66 10 20 NR 50 59.8 NR
Christenson 0 7 40 47 27+3 65+28h 0 7 0 133 0 33 NR
2003
QiuZ2009 26 38 104 189 22+07 36+13 1.7 28 6.9 113 33 396 69 57
Wilczynski 2.5 5.0 NR 351+048 457+252 309 448 255 326 NR NR
2010
Metz 2011 134 173 25 26 70 h 90 h NR 18 28 115 19 NR
(43-144)  (43-1971)
Shi 2011 19 4 2.8 64 3.8+32 53£15 2.8 32 103 152 NR 19 24
Ranucci 7.3 14 NR. NR 1.8 0 12 49 31 27 NR.
2013
Rocha2018 144 121 236 278 5(3-8) 4 (3-6) 22 22 224 143 56 77 112 133
Litton 2020 154 9 NR 3(2-6) 3(1-6) NR NR NR NR

Abbreviations NR not reported, LCOS low cardiac output syndrome. IABP intra-aortic balloon pump, ICU intensive care unit, RCTs randomized controlled trials,
MACCE major adverse cardiac or cerebrovascular event; CABG: coronary artery bypass grafting; OPCAB: Off-pump coronary artery bypass
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Fig. 2 a Risk of bias summary. b Bias funnel plot of published literature
IABP Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Christenson 1997 2 32 a 20 T7% 0.25[0.05,1.17] 1987 B
Christenson HTM 1897 0 149 3 14 5.0% 0.11[0.01,1.92] 14987 ¢
Christenson REDO 1987 0 24 4 24 AT7% 0.11 [0.01,1.96] 1997 *
Christenson 1999 1 30 [ 30 ThE% 0.17[0.02,1.30] 1998 e
Marra 2002 2 30 7 30 8.8% 0.29 [0.06,1.26] 2002 - 1
Christenson 2003 0 14 1 14 1.9% 0.33[0.01, 7.58] 2003
QiuZ 2009 3 115 4 108 5.2% 0.69[0.16, 3.02] 2009 I
Wilczynski 2010 B 243 13 259 158% 049019 1.27] 2010 —
Metz 2011 7 52 ] 52 11.3% 0.781[0.31,1.83] 2011 I
Shi 2011 2 107 5 125 5.8% 0.47[0.09, 2.36] 2011 - 1
Ranucci 2013 4 55 3 55 101% 0.50[0.16,1.56] 2013 -1
Rocha 2018 13 90 11 91 13.8% 1.19[0.57,2.53] 2018 -
Litton 2020 2 13 1 1 1.4% 1.69[01816.25 2020
Total (95% CI) 825 832 100.0% 0.54 [0.38, 0.77] ’
Total events 42 77
Heterogeneity: Chi*= 11.49, df= 12 (P = 0.49); F= 0% t f f |
Test for overall effect. 2= 3.41 (P = 0.0007) 0.01 0.1 IABP1 Control 10 100

Fig. 3 Effect of intraaortic balloon pump (IABP) and control group on mortality

Ventilation support>24 h (%) (Fig. 10) Eight studies
examined the requirement for ventilation support for
24 h or more (%). The results indicated a minimal dif-
ference in ventilation time between the IABP group and
the control group (RR=0.81, 95% confidence interval:
0.64—1.02,P=0.08).

Bleeding (%) (Fig. 11) Four studies compared the inci-
dence of bleeding events (%). The findings of our study
demonstrated that the occurrence of bleeding events was

similar between the IABP group and the control group
(RR=0.95, 95% confidence interval: 0.54—-1.69, P=0.87),
indicating that preoperative IABP did not exacerbate
bleeding in patients.

Sensitivity analysis was conducted using a random
effects model, which confirmed the robustness and sta-
bility of the meta-analysis results for mortality and low
cardiac output when individual studies were excluded.
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IABP Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Christenson 1997 24 08 32 34 11 20 105% -1.00[-1.57,-0.43] 1997 -
Christenson HTM 1997 24 08 14 34 11 14 9.2% -1.00[-1.70,-0.30] 1897 -
Christenson REDO 1897 24 08 24 34 11 24 105% -1.00[-1.57,-0.43] 19497 -
Christenson 1989 2 122 30 485 28 30 B.2% -2.85[-3.94 -1.76] 15999 I
Marra 2002 46 3 30 58 275 30 4.3% -1.20 [-2.66, 0.26] 2002 B
Christenson 2003 1.1 012 15 27 116 15 103% -1.60[-2.18,-1.01] 2003 -
Qiu,Z 2009 22 07 118 36 1.3 106 13.2% -1.40[1.68-1.12] 2009 -
Wilczynski 2010 351 048 243 457 252 289 129% -1.06[-1.37,-0.78] 2010 -
Shi 2011 38 32 107 53 15 125 96% -1.50[2.16,-0.84] 2011 -
Metz 2011 29 231 52 375 458 52 4.1% -0.85[-2.35 0.65] 2011 —
Rocha 2018 5 37 a0 4 22 91 T.6% 1.00[0.11,1.89] 2018 -
Littan 2020 3286 13 3 37 11 16%  000F271,271] 2020
Total (95% CI) 770 777 100.0% -1.12[-1.48, -0.76] <
Heterogeneity: Tau®= 0.24; Chi*= 39.83, df= 11 (P = 0.0001); F= 72% 4 2 ? 2 4
Test for overall effect: Z=6.09 (P = 0.00001) IABP  Control
Fig. 4 Effect of intraaortic balloon pump (IABP) and control group on length of stay in ICU
IABP Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Christenson REDO 1897 4 24 13 24 101% 0.31[012,081] 1987
Christenson 1997 9 32 12 20 11.5% 0.47[0.24,091] 1987 -
Christenson HTH 1997 2 19 3 14 27% 0.491[0.09, 2.56) 1997 —
Christenson 1999 1 30 25 0 19.5% 0.44[0.27,072] 1989 —=
Christenson 2003 B 15 7 15  55% 0.86[0.38,1.95] 2003 T
Q@iuZ 2009 12 115 19 106 15.4% 0.58[0.30,1.14] 2009 -
Metz 2011 13 52 13 52 101% 1.00[0.51,1.95] 2011 - T
Shi 2011 3107 8 125 5.8% 0.44[012 1.61] 2011
Rocha 2018 ral a0 25 91 19.4% 0.85[0.51,1.40] 2018 =
Total (95% CI) 484 477 100.0%  0.61][0.48, 0.77] 2
Total events = 125
Heterogeneity: Chi*= 8.98, df= 8 (P=0.34); F=11% f t f |
Test fa?overgll effect Z= 4'.1 o E IJ4UUD1))' 0.0 01 ! 10 100
IABP Control
Fig. 5 Effect of Intraaortic Balloon Pump (IABP) and control group on length of stay in ICU (OPCAB and CABG subgroup analysis)
IABP Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Christenson REDO 1897 1 24 1 24 0.8% 1.00[0.07 15.08] 1997
Christenson 1997 1 32 1 20 09% 0.63[0.04,9.44] 19597
Marra 2002 3 30 3] 0 46% 0.50([0.14,1.82] 2002 - 1
Christenson 2003 1] 14 1 15 1.1% 0.33[0.01, 7.58] 2003
QiuZ 2009 2 114 3 108 2.4% 0.61[0.10, 3.61] 2009 - 1
Wilczynski 2010 T 243 116 259 B855% 0.69 [0.55 0.87] 2010 -
Shi 2011 3107 4 125 2.8% 0.8a8[0.20,3.83] 2011 I R
Ranucci 2013 1 a4 0 a5 0.4% 300[012 7208 2013
Rocha 2018 2 a0 2 91 1.5% 1.01[0.15,7.02] 2018
Total (95% CI) 711 725 100.0% 0.70 [0.56, 0.87] ’
Total events a8 134
Heterogeneity: Chi*=1.61, df= 8 (P = 0.99); F= 0% ; l ; !
Testfa?overzl effect Z= ?:22 (Pi 0.001) 4 0.01 0.1 . 10 100
IABFP  Control

Fig. 6 Effect of Intraaortic balloon Pump (IABP) and control group on length of ICU stay (Asian and Caucasian subgroup analysis)

Discussion

Our analysis suggests that preoperative prophylactic
implantation of an IABP is associated with several ben-
eficial outcomes in patients undergoing CABG. These
outcomes include a reduction in hospital mortality,
shortened ICU hospitalization time, and a decrease in
the incidence of LCOS% and MACCE%. However, pre-
operative IABP has little effect on renal dysfunction, the

need for ventilation support for 24 h or more, and bleed-
ing events.

IABP has been widely used since the 1960s, particularly
in high-risk patients with coronary heart disease. The
technology has become well-established and mature in
hospital settings. The principle of IABP involves the auto-
matic expansion of a balloon during diastole, increasing
aortic diastolic pressure and coronary artery perfusion.
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IABP Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Christenson 1997 T 32 B 20 8.6% 0.73[0.29,1.86] 1997 -
Christenson HTH 1997 a 19 4 14 5.3% 0.92[0.30,2.82] 18997 e
Christenson REDO 1987 3 24 4 24 4.6% 0.75([0.19, 3.00] 1897 I
Christenson 2003 1] 18 2 148 2.9% 0.20[0.01,3.85] 2003
Qiu,Z 2009 8 118 12 106 145% 0.61[0.26,1.44] 2009 .
Wilczynski 2010 B 243 8 2549 9.0% 0.80[0.28,2.27] 2010 - T
Shi 2011 11 107 19 125 203% 0.68[0.34,1.36] 2011 T
Metz 2011 9 52 15 52 17.4% 0.60[0.29,1.25] 2011 T
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Fig. 7 Effect of intraaortic balloon pump (IABP) and control group on the incidence of low cardiac discharge syndrome
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Fig. 8 Effect of intraaortic balloon pump (IABP) and control group on the incidence of major unscrupulous cerebrovascular events
IABP Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixejd. 95% Cl
Christenson REDO 1997 1 24 1 24 46% 1.00[0.07,15.08] 1997
Qiu,Z 2009 g 114 6 106 28.5% 1.23[0.44,3.43) 2008
Shi 2011 2107 3 125 126% 0.78[0.13, 457 2011
Rocha 2018 10 40 12 91 54.4% 0.84 [0.38,1.85] 2018
Total (95% CI) 336 346 100.0%  0.95[0.54, 1.69]
Total events 21 22
Heterogeneity: Chi*=0.38, df=3 (P =0.94); F= 0% 'U.IJ1 071 1' 1'0 1D|J'

Testfor overall effect Z=017 (P=0.87)

IABF  Control

Fig. 9 Effects of intraaortic balloon pump (IABP) and control group on the incidence of renal failure

During systole, the balloon automatically deflates, reduc-
ing aortic pressure and myocardial oxygen consump-
tion. This continuous blood flow and reduced cardiac
workload contribute to maintaining hemodynamic sta-
bility and improving myocardial perfusion. Additionally,
preoperative IABP can minimize hemodynamic damage
by improving myocardial perfusion before anesthesia
induction.

Prophylactic implantation of IABP before surgery has
demonstrated improved medical outcomes and potential

economic benefits, particularly in patients with acute or
critically ill coronary heart disease. While some studies
have shown the safety and effectiveness of preoperative
IABP implantation, others have suggested that it may not
be beneficial in highly stable patients and could poten-
tially have drawbacks.

This meta-analysis includes the latest randomized
controlled trials and benefits from a larger sample size,
enhancing the reliability of the results. Given the high
postoperative mortality rate in critically ill patients,
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Fig. 10 Effect of intraaortic balloon pump (IABP) and control group on the incidence of mechanical ventilation for more than 24 h
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Fig. 11 The effect of intraaortic balloon pump (IABP) and control group on the incidence of bleeding events

exploring new treatment methods to further reduce pre-
operative mortality is crucial. Therefore, investigating the
preventive implantation of IABP before surgery is impor-
tant for improving the prognosis of critically ill CABG
patients.

The findings of this study suggest that preoperative
prophylactic placement of an IABP can reduce hospital
mortality in patients with acute and critically ill CABG,

which is consistent with previous scientific findings [21].
The analysis also revealed that patients in the IABP group
had shorter stays in the ICU compared to the control
group, aligning with previous research results [22]. To
account for high heterogeneity, patients were divided
into two groups based on whether they underwent off-
pump CABG. Subgroup analysis indicated that patients
in the IABP group who received oft-pump CABG had
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shorter ICU hospitalization times compared to the con-
trol group. Similarly, patients in the IABP group who
underwent traditional CABG surgery also had shorter
hospital stays. Racial subgroup analysis demonstrated a
significant reduction in ICU hospitalization time in both
the Asian and Caucasus IABP groups, suggesting that the
benefits of IABP are consistent and independent of race
and the use of the off-pump coronary artery bypass graft-
ing technique.

Among the 13 randomized controlled studies included
in this analysis, only three utilized the off-pump CABG
model. Additionally, factors such as variations in IABP
insertion time, the definition of a high-risk population,
and the use of preventive and treatment measures were
not standardized, potentially contributing to the higher
heterogeneity observed. In this meta-analysis, the inci-
dence of low cardiac output syndrome was significantly
reduced in the IABP group compared to the control
group, as reported by nine studies. The meta-analysis
also showed that the occurrence of MACCE% was lower
in the IABP group compared to the control group, with
nine studies assessing MACCE%. Previous studies have
confirmed that the preoperative use of IABP has minimal
effect on cerebral blood flow in high-risk patients [23],
which differs from our research findings and requires
further investigation for confirmation. On the other
hand, other research has demonstrated that preopera-
tive use of IABP can reduce the risk of renal failure [24].
However, our analysis results indicate that there is little
difference in the incidence of renal insufficiency between
the IABP and control groups, potentially due to insuf-
ficient data in the studies. More multicenter clinical tri-
als are needed to establish definitive conclusions. We
also analyzed the incidence of mechanical ventilation
exceeding 24 h between the IABP group and the control
group, and the research results showed no significant dif-
ference in mechanical ventilation time between patients
who received preoperative IABP implantation. Addition-
ally, some studies have suggested that preoperative IABP
insertion may increase the incidence of postoperative
bleeding events in patients. However, our study did not
observe a significant increase in the risk of postoperative
bleeding events associated with preoperative IABP inser-
tion. Therefore, preoperative IABP placement can be
considered a safe treatment method.

This study has several limitations. Firstly, five of the
included studies were published by the same primary
researcher, conducting experiments during overlapping
time periods, which raises the possibility of duplication.
Secondly, most trials did not employ blinded evalua-
tors for the results, potentially introducing bias into the
reporting. Thirdly, as all the research was funded by a
specific company, there may be biases considering the
relevant interests, and the majority of articles are not

Page 10 of 11

recently published, which could impact the results to
some extent. Fourthly, due to variations in the definition
of critically ill patients among the studies based on their
specific research objectives, fields, and designs, as well as
individual patient differences, there may be some inher-
ent biases.

Lastly, since all the articles included in the study were
single-center experiments, there is an urgent need for a
large number of multicenter trials to further evaluate
the effectiveness and safety of IABP. Additionally, with
technological advancements, the impact of IABP may
be offset by the application of new drugs and mechani-
cal models, necessitating updated randomized controlled
trials [25].

Conclusions

The findings of our investigation indicate that prophy-
lactic preoperative IABP does not elevate the incidence
of postoperative bleeding complications in patients.
As such, IABP placement can be considered a highly
safe intervention for critically ill CABG candidates to
undergo prior to surgical revascularization. Concur-
rently, this preventive measure also demonstrates certain
favorable therapeutic effects, including reduced in-hos-
pital mortality, shortened intensive care unit length of
stay, and decreased incidence of low cardiac output syn-
drome and major adverse cardiovascular events among
these patients. Based on these results, we can conclude
that prophylactic preoperative IABP implantation con-
veys beneficial outcomes for the majority of critically ill
CABG surgical cohorts.
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