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Background: Hemodynamic assistance with a miniature intracardiac pump may fill the treatment
gap between use of an intraaortic balloon pump (IABP) and the current, more invasive
ventricular assist devices. The objective of this study was to compare the hemodynamic efficacy
of a miniature intracardiac pump device with that of IABP.
Methods and results: Reversible acute mitral regurgitation (AMR) was induced in eight calves by
stenting the mitral valve using a vena cava filter. Full and partial AMR assist were compared with
maximum IABP support in each animal. In full-support mode, both assist systems increased
cardiac output (miniature intracardiac pump, 13% [p < 0.05]; IABP, 3% [p < 0.05]), mean aortic
pressure (miniature intracardiac pump, 13% [p < 0.05]; IABP, 8% [p < 0.05]), carotid artery flow
(miniature intracardiac pump, 29% [p < 0.05]; IABP, 5% [difference not significant]), and
coronary blood flow (miniature intracardiac pump, 25% [difference not significant]; IABP, 34%
[p < 0.05]). Again in full-support mode, both systems reduced left atrial pressure (miniature
intracardiac pump, 2.4 mm Hg [p < 0.05]; IABP, 0.7 mm Hg [p < 0.05]), peak left ventricular
(LV) pressure (miniature intracardiac pump, 13% [p < 0.05]; IABP, 5% [p < 0.05]), and external
LV work (miniature intracardiac pump, 29% [p < 0.05]; IABP, 3% [p < 0.05]). Only full miniature
intracardiac pump support reduced both end-diastolic LV volume (7%; p < 0.05) and end-systolic
LV volume (10%; p < 0.05). IABP mainly improved coronary perfusion, while the miniature
intracardiac pump proved more capable of genuinely unloading the LV.
Conclusions: We conclude that during severe acute LV failure, the miniature intracardiac pump
is capable of more effective cardiac unloading and circulatory support than IABP.
(CHEST 2004; 126:896 –902)
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Abbreviations: AMR ⫽ acute mitral regurgitation; CDO ⫽ conductance-derived output; DCF ⫽ diastolic coronary
flow fraction; EDV ⫽ end-diastolic left ventricular volume; ESV ⫽ end-systolic left ventricular volume; IABP ⫽ intraaortic balloon pump; IMP ⫽ Impella miniature intracardiac pump; LAP ⫽ left atrial pressure; LV ⫽ left ventricle,
ventricular; LVW ⫽ external left ventricular work; PASC ⫽ ascending aortic pressure; PLVpeak ⫽ peak systolic left
ventricular pressure; PP ⫽ pulse pressure; QAV ⫽ mean flow through the aortic valve; QCOR ⫽ coronary artery flow;
QIMP ⫽ flow of the Impella miniature intracardiac pump; QPA ⫽ pulmonary artery flow; QR ⫽ regurgitant flow across
mitral valve

the past 4 decades, the intraaortic balloon
D uring
pump (IABP) has established itself as the standard mechanical cardiac assist option for treating
patients who are in acute cardiogenic shock.1–5 In

search of more effective alternatives, new intravascular devices have been developed and used for
cardiac support in postcardiotomy cardiogenic shock
and during coronary artery bypass surgery.6 –9
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The Impella intracardiac microaxial pump (IMP)
[Impella Cardiotechnik AG; Aachen, Germany] is a
new, catheter-based cardiac assist device that is
designed to provide ventricular support in bypass
mode. Although the IMP has been introduced clinically recently, the hemodynamic efficacy has not yet
been extensively evaluated.10,11 In the present study,
left ventricular (LV) support using the IMP and an
IABP (System 98 XT; Datascope; Fairfield, NJ) were
evaluated in an animal model of acute mitral regurgitation (AMR).5
Materials and Methods
Animal Preparation
Eight calves (mean weight, 81 kg; range, 60 to 92 kg) were
premedicated with atropine (0.05 mg/kg subcutaneously). Anesthesia was induced with sodium thiopental (20 mg/kg IV bolus)
and was maintained with a 1:2 mixture of O2/N2O and halothane
(1.5%). After the administration of analgesic buprenorphine (0.01
mg/kg IV bolus) and the muscle relaxant suxamethonium (0.1
mg/kg IV bolus), a left thoracotomy was performed. The anticoagulation regimen was as follows: administration of heparin (200
IU/kg IV bolus); and monitoring by activated clotting time
(⬎ 400 s). Animals were killed by pentobarbital overdose (80
mg/kg IV bolus). All animals received humane care in compliance
with the Guide for the Care and Use of Laboratory Animals of the
National Institutes of Health, and the study was approved by the
Animal Ethical Committee at the University of Maastricht.
Cardiac Support Systems
The IMP features an integrated cannula-pump assembly that is
6.4 mm in diameter and 100 mm in length, which is suitable for
placement across the aortic valve. The axial impeller of the pump
(ie, an Archimede screw) continuously recruits blood from the
LV via the cannula and drains the blood into the aorta just above
the aortic valve. The pump housing contains an integrated
solid-state differential pressure sensor that registers the pressure
gradient across the pump. The device is powered and controlled
by a pump console via a connecting catheter. The placement of
the catheter pump occurs via percutaneous access or intraoperatively via aortic cannulation. The pump is designed for shortterm to mid-term support (maximum duration, 7 days).12,13
The IMP was introduced via the left carotid artery and was
placed across the aortic valve with the inflow cannula in the LV,
and with the pump housing and outlet just above the aortic valve.
Positioning was facilitated by the pressure gradient reading on
the pump console.11,13 Routine checks with fluoroscopy confirmed the proper placement of the pump. Immediately after
placement of the IMP, the pump rate was set to a minimum level
that was sufficient to prevent aortic retrograde flow. The IMP
console flow measurement was calibrated by the automated
console calibration sequence after pump positioning.
A 40-mL intraaortic balloon catheter (Datascope) was introduced via the right femoral artery and was placed in the high
descending aorta. The IABP was triggered on the ECG.
Instrumentation
A Swan-Ganz thermodilution catheter (Arrow International;
Reading, PA) was advanced into the pulmonary artery via a
www.chestjournal.org

jugular vein. A conductance catheter, incorporating a pressure
sensor (CD Leycom; Zoetermeer, the Netherlands), was positioned in the LV via the left femoral artery. The conductance
catheter was connected to a conductance console (Sigma 5/DF;
CD Leycom), which was used in the dual-frequency mode.14
Solid-state pressure catheters (CD Leycom) were placed in the
abdominal aorta via the left femoral artery and in the left atrium
through a purse-string suture. BP in the aortic arch was measured
via the lumen of the intraaortic balloon catheter with a standard
pressure transducer (Baxter International Inc; Deerfield, IL).
Ultrasonic flow probes (Transonic Systems; Ithaca, NY) were
placed on the pulmonary artery, the right carotid artery, and on
a side branch of the left anterior descending coronary artery. All
hemodynamic data were acquired and stored using a 16-channel
acquisition system (CD Leycom).
To induce AMR, an incision was made in the left atrium
through which a retrievable steel wire cage (Günther Tulip Vena
Cava Filter; Cook Europe; Bjaeverskov, Denmark) was placed in
the mitral valve.5,9 The degree of AMR was assessed and
controlled by the monitoring of real-time LV pressure and
volume, and left atrial pressure (LAP). The induction of mitral
regurgitation was consistently aimed at maximizing the regurgitant orifice.
Conductance Calibration
Parallel conductance was determined by injecting 7.5 mL 6.5%
hypertonic saline solution into the pulmonary artery.15 A 5-mL
blood sample was collected in a sampling cuvette for blood
resistivity measurement (CD Leycom).16 The gain calibration
factor was determined by comparing LV conductance-derived
output (CDO) with pulmonary artery flow (QPA) in the healthy
animal. The conductance data were analyzed with an appropriate
software package (Circlab 2000; GTX Medical Software; Leiden,
the Netherlands).
Measurements and Analysis
Both the IABP and the IMP were tested in each animal, in an
alternated sequence in consecutive experiments. The IABP was
driven in 1:1 mode and was tuned to maximize LV afterload
reduction and diastolic aortic pressure augmentation.1–3 The IMP
was run at medium speed (24,000 revolutions per minute;
performance level, P5) and full speed (33,000 revolutions per
minute; performance level, P9). Approximately 10 s after the
creation of mitral regurgitation, assist was initiated and maintained for 30 s.
The hemodynamic data were analyzed and processed to obtain
objective measures for left heart pump function, myocardial
working conditions, and peripheral perfusion. At baseline (ie,
during calibration) the CDO (ie, stroke volume ⫻ heart rate) was
set equal to the QPA, and the flow through the aortic valve (QAV)
was considered to be equal to the QPA. During mitral regurgitation, the CDO expresses both the forward output (ie, the QAV)
and the regurgitant flow across the (stented) mitral valve (QR),
and thus CDO ⫽ QAV ⫹ QR (in liters per minute). During IMP
support, part of the QAV no longer occurs through the aortic
valve but through the IMP, and QAV is calculated as QPA ⫺ the
flow of the IMP (QIMP). QAV is solely due to the contraction of
the LV. QIMP is the flow measured through the IMP. The QPA
is then the result of the combined effects of LV contraction and
IMP aspiration.
Pulse pressure (PP) was calculated as the differential between
the maximum and minimum values of ascending aortic pressure
(PASC). The diastolic coronary flow fraction (DCF) was calculated as the ratio of antegrade diastolic coronary flow (QCOR) to
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the mean QCOR, multiplied by 100%. External LV work (LVW)
was calculated as follows: (peak systolic LV pressure
[PLVpeak] ⫺LAP) ⫻ (QAV ⫹ QR) [in Joules per second]. The
QPA/LAP ratio was calculated as an index of left heart pump
function.17 A measure for the balance in coronary demand and
supply was defined by the LVW/QCOR ratio (in Joules per
milliliter). For each setting, the on condition (ie, AMR plus assist)
and the off condition (ie, AMR plus assist idle) were compared by
the application of the nonparametric Wilcoxon signed rank test
(eight subjects). Significance was assumed if the p values were
⬍ 0.05.

Results
Pump Characteristics
Figure 1 shows the performance of the IMP with
measurements made in vivo. The measurements
were performed during AMR and at four different
performance levels. The pump flow values were
taken from the flow reading of the console. Average
pump flow has a linear relationship to the selected
rotational speed and ranges from 1.9 to 4.2 L/min.
The SD remains fairly constant at 0.5 L/min
throughout the range.
Hemodynamic and Functional Effects
The effects of support on hemodynamics and
cardiac function are summarized in Table 1. Only
the IMP in P9 mode significantly reduced both
end-diastolic LV volume (EDV) [by 7%] and endsystolic LV volume (ESV) [by 10%]. The IMP assist
mode had a greater effect (reduction, 7 mm Hg)
than the IABP assist mode (reduction, 3 mm Hg) on
PLVpeak. Ascending aortic PP was significantly reduced by the IMP, with a maximum reduction of 6

mm Hg in P9 mode. In contrast, the IABP increased
PP by 6 mm Hg. Mean carotid artery flow was
augmented significantly only by the IMP (hemodynamics increase, 15%; cardiac function increase,
29%), while mean QCOR was enhanced significantly
only by the IABP (increase, 34%). QPA was increased significantly by both the IABP (3%) and the
IMP (P5 mode, 6%; P9 mode, 13%).
Figure 2 defines the various flow modes. The
heights of the columns correspond with the mean
values stated in Table 1. The IABP increased QAV
by 3%, whereas the IMP reduced QAV by 38% in
the P5 mode, and by 52% in the P9 mode (Table
1). Regurgitant flow through the mitral valve was
reduced to some extent in the IMP P9 mode only
(QR reduction, 15%; difference not significant).
External LVW was significantly reduced only with
full IMP support (LVW decrease in P9 mode,
29%). The index for left heart pump function (ie,
QPA/LAP) significantly increased with assist
(IMP: P5 mode, 21%; P9 mode, 41%; IABP, 7%)
[Table 1]. In Figure 3, the effects on left heart
pump function are further analyzed by incorporating the preassist hemodynamic condition in each
individual. Preassist QPA values ranged from 2 to
12 L/min (ie, after the induction of mitral regurgitation). The trends indicate that support is more
effective with lower preassist QPA values. The
difference in effectiveness between the IABP and
the IMP increases with the same trend. Table 1
also shows that the LVW/QCOR index decreased
significantly in the 1:1 IABP mode (18%), and with
the IMP in the P5 mode (20%) and the P9 mode
(36%). Figure 4 focuses on the improvement in
the balance of coronary demand and supply in
each individual. (Note that a decrease in the
LVW/QCOR ratio corresponds to an improvement
in the coronary demand-supply balance.)
Hemodynamic Trends

Figure 1. IMP characteristics (values given as the mean ⫾ SD)
during AMR (pressure gradient across the pump ⬍ 50 mm Hg).
The performance (P) levels are related to the defined average
rotational speed of the pump.
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Among the subjects who had a preassist cardiac
output of ⬍ 4 L/min, pronounced effects on pump
function and coronary balance were seen (Fig 3, 4).
Figure 5 shows paired trends (obtained from one
single animal) that are typical of the full LV bypass
situation observed in these particular subjects. After
switching on P9 mode IMP support, the PLVpeak
progressed below even diastolic aortic pressure levels. Apparently, during systole there was no longer a
forward pressure gradient and therefore no QAV
(Fig 5).
Peak PASC and pulsatility are increased by the
IABP. The IMP increases the mean PASC while it
reduces pulsatility. The QCOR recordings showed
Laboratory and Animal Investigations
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Table 1—Hemodynamic Effects With Support During AMR*
IMP P 5
Effects

Pre-AMR

LAP, mm Hg
EDV, mL
ESV, mL
PLVpeak, mm Hg
PP, mm Hg
PASC, mm Hg
PDES, mm Hg
QCAR, mL/min
QCOR, mL/min
DCF, %
HR, beats/min
QPA, L/min
QIMP, L/min
QAV, L/min
QR, L/min
LVW, J/s
QPA/LAP, L/min/mm Hg
LVW/QCOR, J/mL

5.9 (2.6)
202 (97)
133 (75)
76 (24)
17 (9)
64 (18)
66 (21)
514 (275)
73 (35)
125 (20)
8.5 (4.0)
– (–)
8.5 (4.0)
0 (0)
1.47 (1.13)
1.71 (0.81)
1.21 (0.66)

IMP P 9

IABP 1:1

Off

On

Off

On

Off

On

8.9 (2.8)†
220 (107)
102 (73)
57 (14)†
14 (8)
47 (10)†
49 (11)†
389 (241)†
63 (22)
87 (19)
126 (25)
6.4 (2.9)†
0 (0)
6.4 (2.9)†
8.3 (5.1)†
1.67 (1.12)†
0.76 (0.36)†
1.84 (1.06)†

7.9 (2.6)‡
221 (107)
102 (77)
56 (16)
11 (7)‡
50 (10)‡
52 (12)‡
448 (239)‡
72 (32)
99 (30)‡
128 (23)
6.8 (2.9)‡
2.8 (0.5)‡
4.0 (2.9)‡
8.3 (5.9)
1.50 (1.30)
0.92 (0.43)‡
1.47 (0.97)‡

9.8 (4.0)†
216 (103)
106 (77)
55 (19)†
14 (8)
45 (14)†
47 (17)†
381 (272)†
64 (25)
82 (20)
130 (28)
6.4 (3.4)†
0 (0)
6.4 (3.4)†
7.9 (5.8)†
1.64 (1.32)
0.69 (0.41)†
1.77 (1.08)

7.4 (3.9)*
200 (99)*
95 (68)*
48 (24)*
8 (7)*
51 (11)
53 (14)*
492 (256)*
80 (32)
99 (24)*
130 (31)
7.2 (3.1)*
4.2 (0.4)*
3.1 (3.0)*
6.7 (6.7)
1.17 (1.26)*
0.97 (0.41)*
1.13 (0.91)*

9.8 (4.7)
228 (96)
98 (65)
55 (18)†
13 (7)
48 (11)†
50 (16)†
378 (251)†
56 (28)†
84 (23)
125 (18)
6.5 (3.1)†
– (–)
6.5 (3.1)†
9.7 (4.0)†
1.78 (1.35)
0.67 (0.43)†
1.72 (1.14)†

9.1 (4.4)‡
224 (98)
93 (69)
52 (18)‡
19 (10)‡
49 (11)
54 (14)‡
396 (239)
75 (48)‡
105 (24)‡
125 (18)
6.7 (3.0)‡
– (–)
6.7 (3.0)‡
9.6 (4.4)
1.72 (1.42)
0.72 (0.42)‡
1.41 (1.10)‡

*Values given as the mean (SD). Comparisons performed by Wilcoxon signed-rank test. PDES, mean descending aortic pressure; QCAR ⫽ mean
carotid artery flow; HR ⫽ heart rate.
†p ⬍ 0.05 (off condition vs pre-AMR).
‡p ⬍ 0.05 (on vs off; in the off position, IMP was idling [QIMP was approximately 0]).

that both pumps enhance the primarily diastolic
QCOR. This observation was sustained by the results
for DCF (Table 1).
Discussion
Circulatory Support
The reduction of elevated LAPs, indicative of mitral
regurgitation, implies that pulmonary venous congestion was suppressed, which may counter the develop-

Figure 2. Composition of forward output and CDO before
AMR, during AMR, and with IMP support (P9 mode). Note that
with IMP support CDO contains QIMP, and that the direction
(ie, forward/regurgitation) of CDO changes, not the absolute
value.
www.chestjournal.org

ment or further progress of lung edema. Peripheral
perfusion was significantly improved, which shows that
both assist systems provide circulatory support in the
event of left heart failure (Table 1).
Cardiac Unloading
The reduction of LVW and oxygen consumption is
an essential element of cardiac unloading and car-

Figure 3. Improvement of left heart pump function (ie, QPA/
LAP ratio) per individual animal. E ⫽ IMP support (P9 mode);
‚ ⫽ IABP support (1:1). The differentiation between animals is
on the basis of preassist cardiac output (horizontal axis). The
relative change (%) of the QPA/LAP index is the result of assist
(vertical axis).
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Downloaded From: http://journal.publications.chestnet.org/pdfaccess.ashx?url=/data/journals/chest/22015/ on 06/27/2017

899

aspects. In clinical practice, the priority may lie with
either one of these. If the priority lies with myocardial oxygen supply (ie, control of ischemia), the IABP
remains an effective, well-proven tool for therapy.23
When additional LV unloading and immediate circulatory support are mandatory, the IMP may
present a solid alternative.
Impact of Preassist Condition

Figure 4. Improvement of the coronary demand-supply balance
(ie, LVW/QCOR ratio) per individual animal. E ⫽ IMP support
(P9 mode); ‚ ⫽ IABP support (1:1). The differentiation between
animals is on the basis of preassist cardiac output (horizontal
axis). The relative change (%) of the LVW/QCOR index is the
result of assist (vertical axis). A decrease in the LVW/QCOR ratio
is an improvement in the demand-supply balance.

dioprotective therapy. Afterload is a major determinant of myocardial work.1,18 PLVpeak as a measure
of LV afterload was reduced with use of the assist
mode (Table 1).19 In general, a suitable definition for
LV pressure load would be PASC ⫺ LAP,20 but this
factor is prone to error in the case of LV and aortic
pressure dissociation (Fig 5). Therefore, external LV
pressure work was estimated as PLVpeak ⫺ LAP.
The IMP, in P9 mode, reduced both regurgitant
valve flow (15%) and aortic valve flow (52%), as well
as external LVW (29%) and LV volume (EDV, 7%;
ESV, 10%). These data suggest that during full IMP
support total LVW and myocardial oxygen consumption are reduced.18,21,22 The IABP showed less effective unloading capabilities.
Myocardial Support
In general, myocardial function is supported by
reducing myocardial work and augmenting coronary
perfusion. The IMP improved coronary perfusion
(QCOR increase, 25%) and strongly reduced cardiac
workload (LVW decrease, 29%; PLVpeak decrease,
13%).18 The IABP primarily improved coronary perfusion (QCOR increase, 34%) as work reduction was
only marginal (LVW decrease, 3%; PLVpeak decrease, 5%). The coronary demand-supply balance
was significantly improved (ie, LVW/QCOR ratio
decreased) by both devices (Table 1), but the overall
effectiveness of the IMP was greater than that of the
IABP (Fig 3). The LVW/QCOR ratio reflects both
the ventricular unloading and coronary perfusion
900

An analysis of the effect of support among individual subjects shows that functional improvements
with assist are greater in weaker subjects (Fig 3, 4).
In the P9 setting, the average IMP flow was 4.2
L/min (Fig 1). With preassist cardiac outputs of ⬎ 8
L/min, a bypass flow of 4 L/min naturally has only
limited impact. In individuals with insufficient cardiac output (ie, ⬍ 4 L/min), pump function improvement was more pronounced (IMP, ⬎ 100%; IABP,
ⱕ 25%) [Fig 3]. These trends and the data in Table
1 suggest that the IMP has greater effectiveness in
improving overall pump function than the IABP.
Figure 4 shows that the IABP partially compensates
for its poor volume unloading performance by improving the coronary perfusion aspect.1,5,9
LV Output and IMP Output
Table 1 gives the values for QPA, QR, and QAV.
Figure 2 provides a detailed overview of the LV
and device-related contributions to forward cardiac output. Apparently, CDO is the sum of QR,
QAV, and QIMP. The slight discrepancy found
when calculating CDO from Table 1 is due to
rounding errors (ie, EDV ⫺ ESV ⫻ HR ⬵ 13.7
L/min, while QR ⫹ QAV ⫹ QIMP ⬵ 14 L/min).
Output analysis shows that part of the stroke
volume ejected by the LV is via the IMP (ie, CDO
contains QIMP) [Fig 2]. The QIMP is due to the
simultaneous effect of LV contraction and IMP
aspiration. Essentially, the IMP acts as an afterload reduction device that augments ventricular
output toward the aorta, which effectively redistributes forward output and regurgitant flow. (The
cumulative bar is lifted with respect to the zero
output level in Fig 2.)
LVW was calculated from (PLVpeak ⫺ LAP) ⫻
(QAV ⫹ QR), which implies that the fraction of LV
stroke output through the IMP does not contribute
to external LVW. Realistically, this assumption may
introduce some error. While both the LV and IMP
work simultaneously, the exact share of pump and
cardiac work cannot be identified.
Pulsatility
Whereas the IMP reduces the pulsatility in the
aorta, the IABP increases PP (Fig 5 and Table 1).
Laboratory and Animal Investigations
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Figure 5. Specific hemodynamic trends (obtained from one animal) that illustrate the full LV bypass
condition seen in some animals with full IMP support. Note that the assist on/off sequence is different
in both panels. PLV ⫽ left ventricular pressure; VLV ⫽ left ventricular volume; dashed lines ⫽ start of
diastole.

The evaluation of the quality of pulseless perfusion
based solely on hemodynamic measurements is controversial and therefore was not addressed further.24
Moreover, the present study is focused on acute
hemodynamic collapse, which renders the long-term
pulseless perfusion effects less relevant. Interestingly, however, the IMP did not flatten the QCOR
curve but exhibited a behavior comparable to that of
the IABP during systole (Fig 5). The decreased
systolic flow seen with use of the IABP can be
attributed to the intentional aortic pressure reduction at end-diastole. The decrease in systolic flow
with the IMP may be caused by a pressure decline
due to an accelerated jet (ie, the Venturi effect) from
the outflow of the IMP.25
Model
Other investigators20 who tested a device similar to
the IMP reported less promising results. In their
bovine ischemic LV dysfunction model (coronary
ligation), mean aortic pressures of 88 mm Hg existed
in the presence of a cardiac index of 2.1 L/min/m2
(values for this study: aortic pressure, ⬍ 50 mm Hg;
cardiac index, 3.2 L/min/m2). As the presence of high
afterload limits the efficacy of axial flow pumps,
insufficient hemodynamic collapse will not challenge
these devices. As the IMP was designed to provide
support up to 4.5 L/min, a substantial level of
hemodynamic compromise is considered necessary
www.chestjournal.org

to assess the potential of the device.9 The induction
of AMR did not lead to substantially elevated LAPs.5
The pre-AMR values of QPA and PASC in Table 1
could be indicative of a distended peripheral arteriolar vascular bed at baseline. Vasodilation is known to
reduce the effects of mitral regurgitation.26 Ultimately, the level of hemodynamic compromise obtained in the present study proved to be effective in
characterizing the IMP and the IABP.
Clinical Implications
The present results suggest that the IMP can
effectively reduce the cardiac workload while increasing cardiac output and that it outperforms the
IABP in low-cardiac-output conditions. This implies
that the IMP may be a better alternative in circulatory collapse patients.4,27 Moreover, in the critical
situation of sudden left heart deterioration, the IMP
may provide a safety net, buying time for the medical
team to act.
Although the present study has illustrated the
potential of the IMP to take over the left heart pump
function (Fig 5), it must be realized that the pumping capacity heavily depends on the availability of
preload. Right-sided circulatory failure seriously limits the effectiveness of LV assist devices and is a
contraindication for their use.28,29
In the treatment of unstable patients with angina,
both the IMP and the IABP would be beneficial in
CHEST / 126 / 3 / SEPTEMBER, 2004
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terms of sustained afterload reduction and coronary
perfusion enhancement.23 As timing and synchronization are critical when using the IABP, the continuous-flow IMP might perform more consistently
than the IABP in rhythmically unstable patients (eg,
atrial fibrillation).
The IMP is a device with a diameter of 6.4 mm
(19F) that requires surgical implantation under direct vision. A smaller version of the IMP would allow
easier percutaneous introduction and might stretch
the indications for intracorporeal support beyond
those for the IABP. Moreover, both systems could
prove synergetic when applied simultaneously.
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Conclusion
We studied the hemodynamic efficacy of the IMP
and an IABP in a bovine model of AMR. We
concluded that in more severely compromised subjects, and in the event of sudden decompensation
due to severe acute LV pump failure, the IMP is
capable of more effective cardiac and circulatory
support than the IABP.
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