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A B S T R AC T

Background: Conventional cardiopulmonary bypass
results in cerebral ischemic sequelae that may be reduced
with hybrid pump technologies, such as the CardioVention
system (CardioVention, Santa Clara, CA, USA). CardioVen-
tion differs from conventional bypass in that it has a novel air
elimination module and reduced membrane surface area and
priming volume. This preliminary study tested whether this
pump confers neurological safety advantages over conven-
tional bypass.

Methods: Ten patients were studied, with 6 assigned to
on-pump coronary artery bypass grafting and 4 to the Car-
dioVention system. No patients had any stroke history.
Within 72 hours postsurgery, each underwent diffusion-
weighted magnetic resonance imaging, a sensitive test for
cerebral ischemic events.

Results: Two on-pump patients (33%) had postoperative
findings on imaging, but none of the CardioVention patients
demonstrated comparable changes (P = .47). No patients had
symptoms of acute stroke.

Conclusion: Postoperative magnetic resonance imaging
showed a trend toward a greater rate of ischemic events in
patients undergoing traditional on-pump surgery. These pre-
liminary findings suggest that hybrid pump technologies,
such as the CardioVention system, may attenuate the risk of
short-term neurological complications. Future studies are
indicated to confirm these subclinical ischemic changes and
to correlate them with long-term neurocognitive changes.

I N T R O D U C T I O N

The large surface area of the standard cardiopulmonary
bypass (CPB) circuit contributes to morbidity secondary to
systemic inflammatory reaction and hemodilution. In order
to minimize the potential for adverse events, a compact arte-
riovenous loop with pumping, oxygenating, air removal, and
gross filtration capabilities has been developed and previously
described [Mueller 2002, Mueller 2003]. The CardioVention
hybrid CPB system (CardioVention Santa Clara, CA, USA)
(Figure, part A) features a disposable “cartridge,” which is
placed into a drive console and consists of a single, integrated
device that performs the functions of oxygenation, blood
pumping, and air elimination. This single unit allows for the
reduction of the connections required in the CPB circuit
(Figure, part B). Blood from the patient enters the venous
inlet and then enters an air elimination module (Figure, part
C) and subsequently flows down the inlet manifold to the
centrifugal pump (Figure, part D), propelling the blood
through the membrane oxygenator and back to the patient.

The CardioVention system addresses 3 main issues that
may impact post–coronary artery bypass grafting (CABG)
morbidity [Mueller 2002, Mueller 2003]. The first is venous
air handling. The CardioVention air elimination module is a
sensor-regulated venous air-handling system, aimed to mini-
mize the risk of air embolization. It tangentially directs flow
to the conical top, forcing air into the center of the vortex
where it is concentrated at the top of the module’s dome. The
sensor detects air via a change in capacitance, opening a
pinch valve on the tubing to a vacuum source, which effi-
ciently evacuates air. In the case of massive air entrapment
(eg, from a displaced venous cannula), the sensor also reduces
the pump cycle speed when air is persistent. Secondly, the
CardioVention addresses the issue of foreign surfaces with a
low surface area, closed-loop tubing circuit. Platelet activa-
tion and inflammatory response to foreign surface area expo-
sure may be mitigated by the reduction of CPB system sur-
face area from more than 12 m2 in conventional CPB circuits
to 1.4 m2 [Mueller 2002]. Lastly, the CardioVention targets
hemodilution by reducing the standard adult CPB prime vol-
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ume from approximately 1500 mL to less than 500 mL with
the use of a low-prime centrifugal pump. The small, compact
CardioVention system does not have several components
central to the standard CPB circuit [Mueller 2002, Mueller
2003, Mongero 2003]. These include the open hard-shell
venous reservoir, cardiotomy reservoir, arterial line filter, and
heat exchanger, although each of these may be added at the
user’s discretion.

Animal experiments with the CardioVention system have
demonstrated improved gas exchange and improved hemat-
ocrit levels with no evidence of hemolysis compared to a con-
ventional CPB circuit [Mueller 2002]. Air filtration experi-
ments have also shown an excellent bubble count and size
after injection with large boluses of air [Mueller 2003]. In

addition, early results from a data registry that includes data
from 186 “mini-system”–supported patients and 55 tradi-
tional CPB patients suggested improvements in levels of
postdilutional hematocrit, end-of-support hematocrit, allo-
genic blood units transfused, and postoperative mechanical
ventilator duration [Mongero 2003].

But do these results translate to fewer cerebral ischemic
events? Diffusion-weighted magnetic resonance imaging
(DWMRI) is a proven method for assessing post-CABG
focal brain lesions, even if they are subclinical [Restrepo
2002]. We conducted a small-scale trial with the use of post-
operative DWMRI to detect acute cerebral events in
patients undergoing traditional on-pump and CardioVention
hybrid-pump CABG.
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The CardioVention system (figures modified from originals provided by CardioVention, Santa Clara, CA, USA) A, The hybrid pump system: the Car-
dioVention is a disposable “cartridge” system, which is placed into a drive console. B, Components and flow path: blood from the patient enters the top
of the CardioVention system into the integrated air-elimination, pumping, and oxygenating unit. This system allows for only 2 connections (blood-in and
blood-out) in the cardiopulmonary bypass circuit. C, The air elimination module: the air elimination system receives blood from the patient and tangen-
tially directs flow to the conical top, forcing air into the center of the vortex where it is concentrated at the top of the module’s dome. The sensor detects
air via a change in the capacitance at the top of the unit, opening a pinch valve on the tubing to a vacuum source, which evacuates air. D, The low-prime
centrifugal pump: the centrifugal pump is a fixed-bearing, magnetically driven impeller pump located between the air elimination system and the inlet man-
ifold, leading to the membrane oxygenator. This pump allows for kinetic-assisted venous drainage from the patient into the air elimination module.



M AT E R I A L S  A N D  M E T H O D S

This study was approved by the Institutional Review
Board of Columbia University and all patients gave written
informed consent. Ten patients undergoing cardiac surgery
performed by a single surgeon (M.C.O.) at Columbia-
Presbyterian Medical Center were studied between 2001 and
2003. All surgeries were elective operations in patients with
no prior thoracic surgery. At the surgeon’s discretion, 6
patients were assigned to traditional on-pump CABG and 4
to the CardioVention system. Generally, patients in the Car-
dioVention group had smaller distal targets or a large heart,
conditions considered to preclude off-pump CABG because
of technical challenges.

Conventional CPB was performed with mild hypother-
mia (32°C to 34°C) after the administration of porcine hep-
arin (300 IU/kg; American Pharmaceutical Partners,
Schaumburg, IL, USA). The aorta was assessed for cross-
clamping by palpation only and clamped prior to CABG
anastomoses. Myocardial protection was provided with
intermittent, antegrade, and retrograde crystalloid cardiople-
gia and topical cooling. A cardiotomy reservoir (Hardshell
BCR-3500; Baxter Healthcare, Irving, CA, USA), a Quadrox
oxygenator (Jostra, The Woodlands, TX, USA), a Quart
arterial filter, (Jostra), a CellSaver system (Cell Saver 5;
Haemonetics, Braintree, MA, USA), and a soft-shell venous
reservoir (BMR 1900; Baxter Healthcare) were routinely
used. CPB flow rates were kept at approximately 2.4 L/m2

per minute. The activated clotting time (Hemochron; Inter-
national Technidyne, Edison, NJ, USA) was kept above 480
seconds during bypass. Acid-base balance was maintained
between 7.38 and 7.42, mean arterial pressures between 60
and 80, and the hematocrit above 25%. Protamine (variable
dosing; Eli Lilly, Indianapolis, IN, USA) and aminocaproic
acid (10 gm; Amicar, Immunex, Seattle, WA, USA) were
given to all patients.

CardioVention patients underwent CABG with use of
CPB under similar conditions, although without the use of a
cardiotomy reservoir, CellSaver, or heat exchanger. The aorta
was palpated and cross-clamped as with the conventional
CPB cohort. Patient core temperature while on bypass varied

between 34°C and 37°C. The hematocrit was kept above
30%. The anticoagulation, reversal, and antifibrinolytic regi-
mens were the same for the CardioVention patients as for the
conventional CPB cohort.

No preoperative screening or imaging was performed, and
no patients had a history of prior stroke or examination
results indicating focal neurological findings. Between 48 and
72 hours following surgery, all patients underwent diffusion-
weighted, fluid-attenuated inversion recovery (FLAIR) and
T1- and T2-weighted magnetic resonance imaging, which
was read by a single radiologist blinded to the patient’s treat-
ment group.

All statistical analyses were carried out with SPSS (SPSS,
Chicago, IL, USA). Values of continuous variables are
expressed as a mean ± SD. Differences between groups were
assessed with chi-square tests for categorical variables and
Student t tests for continuous variables. A P value < .05 was
considered statistically significant. 

R E S U LT S

Baseline age, left ventricular ejection fraction, and num-
ber of grafts performed were comparable in the 2 groups
(Table 1). There were no differences in the percentage of
patients with diabetes, hypertension, or hypercholesteremia
(Table 1). Postoperatively, only 2 patients had positive
DWMRI findings indicating acute cerebral events; both
had undergone traditional on-pump CABG. One patient
had an occipital lesion, and the other had a pontine lesion.
Findings on DWMRI were consistent with fluid-attenuated
inversion recovery (FLAIR) imaging results. There was no
significant difference (Fisher exact test, P = .467) in the
incidence of positive DWMRI findings between the 2
groups (Table 2). None of the patients, including the two
with positive findings, had any symptoms of acute clinical
stroke. 

D I S C U S S I O N

The incidence of stroke following CABG is 1% to 5%
[Roach 1996], but the incidence of neurocognitive dysfunc-
tion is substantially higher, approximately 21% to 34% [van
Dijk 2002]. The most recent, highly powered, randomized
data demonstrate no significantly increased risk of stroke
[Puskas 2003] or long-term neurocognitive impairment [van
Dijk 2002] associated with the use of CPB. In the postacute
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Table 1. Baseline and Operative Characteristics of the 2 Patient
Groups*

Traditional CardioVention Hybrid
On-Pump (n = 6) Pump (n = 4) P

Baseline age, y 59.3 ± 11.5 67.5 ± 7.00 .244
Diabetes, n (%) 3 (50%) 1 (25%) .571
Hypertension, n (%) 5 (83%) 3 (75%) 1.000
Hypercholesteremia n, (%) 6 (100%) 4 (100%) —
Baseline ejection fraction, % 55.0 ± 4.47 57.8 ± 6.34 .441
No. of grafts performed 3.33 ± 1.21 3.00 ± 0.00 .604

*Variables are listed as a mean ± SD for continuous variables. P-values are
for student t tests for continuous variables and for Fisher exact test (chi-
square) for categorical variables.

Table 2. Positive Diffusion-Weighted Magnetic Resonance Imag-
ing Findings by Patient Group*

Traditional CardioVention Hybrid
On-Pump (n = 6) Pump (n = 4) P

No. of imaged patients 6 4 —
No.  (%) of patients with 2 (33.3%) 0 (0.00%) .467
positive findings 

*P is for the Fisher exact test (chi-square) analysis.
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period, there are randomized data regarding neurocognitive
function that favor off-pump patients [van Dijk 2002, Zam-
var 2002, Diegeler 2000]. Our study suggests that a hybrid
CPB pump, such as the CardioVention, may decrease the
incidence of subclinical neurological events associated with
the use of CPB. There have been 2 pathophysiological
mechanisms that have been proposed to underlie neurologi-
cal events arising from the use of CPB: microemboli and
cerebral hypoperfusion arising from intraoperative hypoten-
sion [Diegeler 2000]. CardioVention’s novel air elimination
module may be responsible for the observed trend in postop-
erative DWMRI findings.

Inflammatory response stemming from blood contact
with a foreign surface (the CPB circuit) also contributes to
postoperative patient morbidity [Rubens 1999]. Contact
with a foreign surface activates white blood cells and
platelets and the coagulation, fibrinolytic, and complement
cascades and may result in systemic inflammatory response
syndrome (SIRS). SIRS is a syndrome that involves numer-
ous pathological conditions, including capillary leak, and
may be associated with neurological dysfunction [Taylor
1998]. As such, one potential improvement in the CPB cir-
cuit involves the reduction of the foreign surface area with
which blood comes in contact. A major goal of the Car-
dioVention system is to minimize this inflammatory
response.

This small-scale trial has several limitations. Future stud-
ies should be better powered, and all patients should
undergo full neurocognitive testing preoperatively as well as
at designated postoperative time points. Nevertheless, the
new hybrid technology represented in the CardioVention
system is promising and has comparable safety to the stan-
dard CPB technology, as seen in this small pilot study. Post-
operative DWMRI showed a trend toward a greater inci-
dence of ischemic events following traditional on-pump
surgery, even in a small number of patients. These prelimi-
nary findings justify a larger trial to confirm these subclinical
ischemic changes and to correlate them with long-term neu-
rocognitive changes. Hybrid pump technology may benefit
not only short-term neurocognitive function but other areas
as well, and further investigation into its potential value is
warranted.
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