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Objectives: The primary objective of this study was to

nalyze perioperative intra-aortic balloon pump (IABP) inser-

ion in patients undergoing cardiac surgery in the authors’

nstitution from 1995 to 2005 and to propose an explanation

or changes in use over this period. A secondary objective

as to assess patient variables associated with IABP use.

Design: This is a retrospective study including patients

ho underwent cardiac surgery between 1995 and 2005.

Setting: The Cardiothoracic Anesthesia Patient Registry of

single teaching institution was queried to obtain the re-

uired information.

Participants: Thirty thousand two hundred sixty-nine car-

iac surgery patients.

Interventions: Intra-aortic balloon pump insertion before

urgery, after cardiopulmonary bypass, or in the cardio-

ascular intensive care unit was assessed in patients who

nderwent isolated coronary artery bypass graft surgery,

alve surgery, or both. Select patient variables were ana-

yzed for their association with IABP insertion. Trans-

sophageal echocardiography (TEE) examinations, milri-
r in the cardiovascular intensive care unit (CVICU, postoperative).
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Measurements and Main Results: Among 30,269 cardiac

urgery patients, 1,310 (4.32%) underwent IABP insertion.

ombined preoperative, intraoperative, and postoperative

ABP use decreased from 7.8% in 1995 to 3.0% in 2005.

imultaneously, the intraoperative use of milrinone in-

reased from 4.8% to 8.8% and postoperative use increased

rom 5.2% to 7.8%. The number of intraoperative TEE exam-

nations more than doubled from approximately 1,700 to

,500. The overall mortality for patients with preoperative,

ntraoperative, and postoperative IABP insertion was 12.6%,

7.5%, and 47.7%, respectively.

Conclusions: From 1995 to 2005, preoperative, intraopera-

ive, and postoperative IABP use decreased by approximately

0% in cardiac surgery patients. Simultaneously, the use of

EE and milrinone each doubled. Although a cause-effect rela-

ionship cannot be established from the present study’s obser-

ational data, the trends coincide and may be related.

2009 Elsevier Inc. All rights reserved.

EY WORDS: anesthesia, intra-aortic balloon counterpulsa-

ion, cardiac surgery, outcomes, transesophageal echocar-
one use, and mortality rates also were determined. diography, milrinone
NTRA-AORTIC BALLOON PUMPS (IABPs) were intro-
duced in 1968 and primarily used to support patients in

ardiogenic shock after acute myocardial infarction.1-3 IABPs
uccessfully increase coronary artery blood flow during dias-
ole by inflating, and decrease the workload of the heart by
eflating just before systole, thus reducing afterload.4 The use
f balloon pumps increased substantially from 1968 to
995,5-10 and IABP use increased progressively in patients
ho experienced difficult separation from cardiopulmonary
ypass (CPB),11-15 although indications for use varied among
enters.16-26

In recent years, the authors’ impression is that perioperative
ABP use has decreased, possibly because of the widespread
se of perioperative transesophageal echocardiography (TEE)
nd the availability of phosphodiesterase inhibitors (PDIs).
EE allows for the precise evaluation of post–cardiopulmonary
ypass cardiac function that can lead to other specific interven-
ions including inotrope titration that might prevent IABP in-
ertion.

The primary objective of the present investigation was to
nalyze perioperative IABP insertion in patients undergoing
ardiac surgery at the authors’ institution from 1995 to 2005,
nd secondarily to evaluate the use of perioperative TEE and/or
DIs. Patient variables associated with IABP use also were

dentified.

METHODS

With approval from the authors’ institutional review board, the
uthors queried the Cardiothoracic Anesthesia Patient Registry for
atients who had isolated coronary artery bypass graft (CABG) sur-
ery, valve surgery, or both between 1995 and 2005 who received an
ABP either before surgery (preoperative), after CPB (intraoperative),
elected patient variables were analyzed for their association with
ither intraoperative or postoperative IABP insertion. Milrinone admin-
stration, either intraoperatively, on admission to the CVICU, or on the
rst postoperative day, was analyzed separately. No other PDIs were
sed in these patients during the study period. Information on the
umber of intraoperative TEE examinations per year during the inves-
igation period was obtained from the TEE patient registry.

The Cardiothoracic Anesthesia Patient Registry is a database con-
aining demographic and clinical information on patients undergoing
ardiac or thoracic surgery at the authors’ institution. Patient data are
rimarily obtained through a prospective daily review of medical
istory, physical assessment, anesthesia records, and clinical care
otes. This information is collected at the patient’s bedside by full-time
atabase research assistants in the intensive care unit after surgery.
upplemental demographic and clinical data in other institutional da-

abases are imported into the registry either manually or through
omputer interfaces. Data validations are built into the registry to
nsure the quality of the data. Additional validations are performed
uarterly to identify any quality issues that may not have been identi-
ed by automated validations.
A stepwise variable selection procedure using logistic regression
odels was built by bootstrapping the data 1,000 times using selected

isk factors, and a bagging algorithm was used to summarize the
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esults. The entry criteria and stay criteria for the stepwise selection
rocesses were 0.07 and 0.05, respectively. Final logistic regression
odels for either intraoperative or postoperative IABP insertion were

uilt by using factors that appeared in at least 50% of all models from
he bootstrap procedure.

Patient variables used in the bootstrapping runs were female sex,
ge, history of chronic obstructive pulmonary disease or asthma, con-
estive heart failure, myocardial infarction, peripheral vascular disease,
nd-stage renal disease requiring hemodialysis, severe left ventricular
ysfunction (ejection fraction �35%), coronary artery disease (left
ain occlusion �70%), cardiogenic shock, preoperative assisted me-

hanical ventilation, preoperative serum creatinine, body mass index,
solated CABG surgery, isolated valve, combined CABG and valve
urgery, emergency surgery, and reoperation.

RESULTS

Patient information from 30,779 medical records was ini-
ially obtained from the Cardiothoracic Anesthesia Patient Reg-
stry. Only the records for the initial surgery for each patient
ere included, which reduced the number of eligible patients to
0,269. From this population, 1,310 (4.32%) patients under-
ent IABP insertion. Among these patients, an IABP was

nserted preoperatively in 567 (43.3% [1.9% of all patients]); it
as inserted intraoperatively in 673 (51.4% [2.2%]); and 70

5.3% [0.2%]) received the device postoperatively. Patients
ho received a preoperative IABP and continued on IABP

upport postoperatively were excluded from the analysis of the
ostoperative IABP insertion. As shown in Figure 1, the com-
ined preoperative, intraoperative, and postoperative insertion
f IABPs decreased from 7.8% of patients undergoing cardiac
urgery in 1995 to 3.0% in 2005.

Preoperative, intraoperative, and postoperative IABP inser-
ions were extracted from this combined data and are also
hown in Figure 1. As shown in the figure, preoperative and
ntraoperative IABP insertion decreased from 3.0% to 1.4%
nd 4.9% to 1.8%, respectively, from 1995 to 2005. The post-
perative insertion rate remained essentially constant (0.35%-
.45%). During the same time, intraoperative and postoperative
se of milrinone increased from 4.8% to 8.8% and from 5.2%
o 7.8%, respectively (Fig 2). In addition, the number of TEE
xaminations per year more than doubled from 1,700 exami-
ations in 1995 to approximately 3,500 in 2005 (Fig 3). Patient
ariables associated with the need for intraoperative IABP
nsertion are shown in Table 1. A history of chronic heart
ailure, myocardial infarction, severe left ventricular dysfunc-
ion, emergency surgery, reoperation, left main coronary artery
isease, and preoperative ventilator assistance were associated
ith increased need for intraoperative IABP insertion. In con-

rast, isolated valve surgery and age were associated with a
ecreased need for intraoperative IABP insertion.
Mortality rates associated with IABP insertion are shown in

igure 4. The mean mortality (standard deviation) rate in pa-
ients who underwent preoperative, intraoperative, and postop-
rative IABP insertion was 12.6% (4.15), 17.5% (7.60), and
7.7% (23.1), respectively, from 1995 to 2005.

DISCUSSION

During the 11-year period evaluated, the overall use of IABP
ounterpulsation decreased �60%. In the first 3 years of the
nvestigation period (1995-1997), more IABPs were inserted
ntraoperatively than preoperatively, presumably to assist with
eparation from CPB in difficult cases.17,18 By 1998, preoper-
tive and intraoperative insertion rates were similar and re-
ained so. Preoperative and intraoperative insertions remained

table since 1999 and 2000, respectively. Postoperative IABP
se changed little over the 11-year period.
The most striking feature of these trends is the marked

ecrease in IABP placement after CPB. During the same
ime, both intraoperative TEE and milrinone use increased.
lthough the effect of other inotropic agents could have
een analyzed, milrinone was the focus of this investigation
ecause its use increased substantially during the study
eriod. Although the observation that the trends coincide is
otable, a cause-and-effect relationship cannot be proven by
he retrospective analysis. Furthermore, other innovations in
ardiac surgery and anesthesia not considered in this inves-
igation may well have contributed to reduced overall peri-
perative IABP use. Intraoperative TEE examinations and

Fig 1. Preoperative, intraoperative, postoper-
ative, and combined IABP insertion from 1995 to

2005.
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ilrinone use were likely not associated with the decline in
reoperative IABP insertion.
Transesophageal echocardiography, which was rarely used

n the earlier years of this investigation, allows for the precise
valuation of postoperative biventricular and valve function
nd helps evaluate the outcome of revascularization and/or
uccess of valve repair or replacement. Problems such as inad-
quate preload or poor ventricular function can usually be
mmediately identified with intraoperative TEE and often cor-
ected. In contrast, before perioperative TEE was available,
emodynamic instability and difficulty separating from CPB
requently led directly to IABP insertion. The increasing use
f milrinone, which has positive inotropic and afterload-
educing effects, also may have contributed to the decline,
specially in post-CPB IABP use. The authors note that
mrinone was not used at their institution during the inves-
igation period. This is important because during the earlier
ears of the investigation period amrinone was used more
idely than milrinone, and, if unaccounted for, amrinone or

ny other PDI use could have affected the results of this
nvestigation.

Fig 2. Intraoperative and postoperative use

f milrinone from 1995 to 2005.
It is not surprising that emergency operation, reoperation, se-
ere left ventricular dysfunction, and left main coronary artery
isease were associated with intraoperative IABP insertion.16,17,21

history of congestive heart failure or myocardial infarction was
lso associated with postoperative IABP insertion. A decision to
mergently revascularize or repair or replace a cardiac valve
mplies reversible ischemia and/or diminished cardiac output, both
f which can be aided by IABP counterpulsation, thus decreasing
yocardial oxygen demand by reducing afterload and increasing

upply via coronary flow augmentation. Reoperations are usually
ssociated with a longer CPB time, which increases the risk of
ostoperative myocardial dysfunction and the need for IABP
upport.

Preoperative ventilator support was associated with intraop-
rative IABP insertion. It seems likely that the requirement for
reoperative ventilation support is associated with cardiac ca-
hexia and severe cardiac failure, and, for this reason, these
atients often require intraoperative IABP insertion to assist
ith separation from CPB.
Patients who underwent isolated valve surgery had a de-

reased need for intraoperative IABP insertion. The primary
Fig 3. Transesophageal echocardiographic

examinations performed from 1995 to 2005.
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enefit of IABP counterpulsation is in decreasing myocardial
xygen demand by afterload reduction and increasing the sup-
ly by augmentation of coronary artery blood flow; it is thus
redictable that IABP counterpulsation would be used less
ften in patients without coronary artery disease who presented
or isolated valve surgery than in CABG patients in whom the
yocardial oxygen balance is abnormal.
Although the proportion of patients who underwent postop-

rative IABP insertion was low (0.23%), their mortality ap-
roached 50%. The high mortality rate associated with postop-
rative IABP placement can be explained by the usual
ndication for postoperative insertion, low cardiac output,

Table 1. Risk Factors of Postbypass IABP Inserti

Variable Odd

Emergency surgery 9.2
Preoperative ventilator assist 2.8
Reoperation 2.7
Left ventricular ejection fraction �35% 2.6
Left main coronary artery stenosis �70% 1.8
History of congestive heart failure 1.9
History of myocardial infarction 1.2
Age1 0.9
Isolated valve surgery 0.2
Year of operation

1995 v 2005 2.9
1996 v 2005 2.1
1997 v 2005 1.7
1998 v 2005 1.1
1999 v 2005 1.1
2000 v 2005 0.7
2001 v 2005 0.8
2002 v 2005 0.7
2003 v 2005 0.4
2004 v 2005 1.0

NOTE. The odds ratio for age is per 1 year increase.
*Percent of models in which variables were used in the 1,000 boot
†Logistic regression.
hich is associated with higher mortality especially when the
tiology is unclear or when it is not easily corrected.

Limitations of this study include single-institution bias. Another
imitation is that because changes not controlled for in the patient
opulation and in perioperative surgical, anesthesia, and critical
are, and because other hospital practices likely occurred over the
nvestigation period, the authors analyzed the association between
he year of operation and post-CPB IABP insertion and found that
hey were associated (Table 1).

In summary, the overall IABP use in cardiac surgery patients
ecreased by approximately 60% from 1995 to 2005 at the au-
hors’ institution. The greatest reduction occurred in the number of

r Patients Who Did Not Have Preoperative IABP

(95% CI) Reliability (%)* p Value†

, 12.3) 100 �0.001
, 5.72) 78.0 0.003
-3.21) 100 �0.001
, 3.24) 100 �0.001
-2.38) 99.5 �0.001
, 2.34) 100 �0.001
-1.28) 100 �0.001
, 0.998) 95.0 �0.002
-0.28) 100 �0.001

�0.001
-4.39) �0.001
-3.14) �0.001
-2.64) 0.005
-1.72) 0.62
-1.70) 0.62
-1.16) 0.18
-1.30) 0.39
-1.17) 0.19
-0.76) 0.003
-1.72) 0.74

runs.
on fo

s Ratio

4 (6.95
6 (1.43
2 (2.32
9 (2.23
8 (1.49
6 (1.64
1 (1.15
9 (0.98
1 (0.16

9 (2.04
1 (1.43
7 (1.19
2 (0.72
2 (0.73
3 (0.46
2 (0.51
3 (0.46
4 (0.25
9 (0.69

strap
Fig 4. Mortality rates associated with IABP

insertion from 1995 to 2005.
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ntraoperative IABPs inserted after CPB. During this same period,
he use of TEE and the PDI milrinone increased substantially.
lthough a cause-effect relationship cannot be established from

he present observational results, the 2 trends coincide and may be

elated. s
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