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Intra-aortic balloon pump (IABP)
counterpulsation improves cerebral
perfusion in patients with decreased left
ventricular function

C Pfluecke,” M Christoph,” S Kolschmann, D Tarnowski, M
Forkmann, S Jellinghaus, DM Poitz, C Wunderlich, RH Strasser,
S Schoen and K Ibrahim

Abstract

Background: The current goal of treatment after acute ischemic stroke is the increase of cerebral blood flow (CBF)
in ischemic brain tissue. Intra-aortic balloon pump (IABP) counterpulsation in the setting of cardiogenic shock is able
to reduce left ventricular afterload and increase coronary blood flow. The effects of an IABP on CBF have not been
sufficiently examined. We hypothesize that the use of an IABP especially enhances cerebral blood flow in patients with
pre-existing heart failure.

Methods: In this pilot study, 36 subjects were examined to investigate the effect of an IABP on middle cerebral artery
(MCA) transcranial Doppler (TCD) flow velocity change and relative CBF augmentation by determining velocity time
integral changes (AVTI) in a constant caliber of the MCA compared to a baseline measurement without an IABP. Subjects
were divided into two groups according to their left ventricular ejection fraction (LVEF): Group | LVEF >30% and Group
2 LVEF <30%.

Results: Both groups showed an increase in CBF using an IABP. Patients with a LVEF <30% showed a significantly higher
increase of AVTI in the MCA under IABP augmentation compared to patients with a LVEF >30% (20.9% £ 3.9% Group
2 vs.10.5% £ 2.2% Group |, p<0,05). The mean arterial pressure (MAP) increased only marginally in both groups under
IABP augmentation.

Conclusions: IABP improves cerebral blood flow, particularly in patients with pre-existing heart failure and highly impaired
LVEF. Hence, an IABP might be a treatment option to improve cerebral perfusion in selected patients with cerebral
misperfusion and simultaneously existing severe heart failure.
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Introduction

Stroke represents a rapid loss of brain function, which
most commonly results from an occlusion of a major
artery in the brain. This typically leads to the death of all
cells within the affected tissue and, in sequence, leads to
neurological dysfunction.! After ischemic stroke imme-
diate onset, it is important to provide adequate treat-
ment with systemic thrombolysis or intra-arterial rescue
procedures in order to restore cerebral blood flow.23
Unfortunately, the majority of stroke patients remain
ineligible for these therapies because of late hospital
arrival. The ischemic cerebral infarction may be sur-
rounded by collaterally perfused areas, the penumbra,
in which vessels show an impaired autoregulation.> The

current goal of treatment is to increase cerebral blood
flow in the ischemic penumbra, which might not be
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irreversibly damaged, but shows impaired perfusion.
Many efforts have been made to improve cerebral perfu-
sion as there might be salvageable brain tissue up to 8 to
24 hours after the symptoms occurred. Neither hemodi-
lution nor treatment with vasodilators, such as pentoxi-
fylline, have been shown to improve outcome after
stroke and, therefore, are not recommended for the
treatment of patients with acute ischemic stroke.?
Inducing hypertension to increase cerebral blood flow is
suggested to improve neurologic outcome.” Patients
with acute ischemic stroke treated with intravenous
phenylephrine showed an improvement in neurological
symptoms in 33% of the population.® Unfortunately,
patients with decreased left ventricular function and
congestive heart failure were excluded in this setting.

The occurrence of acute ischemic stroke and co-
existing heart failure is difficult to treat. Patients with a
history of myocardial infarction, decreased left ventric-
ular function’ and consecutive left ventricular or left
atrial thrombus are at a greater risk for stroke.®® Due to
lower cardiac output (CO), perfusion of the ischemic
cerebral areas might be further reduced, which has been
proven by animal and human studies.!® Administration
of vasopressors alone could have serious side effects,
worsening pre-existing heart failure. How can we opti-
mize the cerebral blood flow in patients with severely
impaired left ventricular function?

Patients with cardiogenic shock (CS) are unable to
maintain adequate CO. An increase in systemic vascular
resistance (SVR) is typical and can worsen the heart fail-
ure by increasing the ventricular afterload.

IABP counterpulsation is the most commonly used
mechanical support for the treatment of CS in selected
patients.!>12 The IABP, which is placed in the descend-
ing aorta via femoral arterial access, enhances diastolic
pressure in the aortic arch by inflation of the balloon in
diastole and reduces left ventricular afterload by active
deflation in systole. The use of an IABP has shown a
temporal improvement in CO and lower SVR.!3
Furthermore, positive effects on microvascular perfu-
sion'* and renal blood flow!'*!5 could be demonstrated
in patients with CS who were on IABP. Several studies
have demonstrated the importance of establishing and
maintaining a patent infarct-related artery in the setting
of acute myocardial infarction complicated by cardio-
genic shock.!® The implantation of an intra-aortic bal-
loon pump (IABP) has been shown to be able to enhance
the success of coronary thrombolysis in the setting of
acute myocardial infarction,!” but did not significantly
reduce 30-day mortality in patients with signs of CS
after acute myocardial infarction with an early revascu-
larization strategy. The patients in this study by Thiele et
al.!® had an average LVEF of 35%. In another rand-
omized trial, the elective use of an IABP during high-
risk percutaneous coronary interventions led to a 34%

relative reduction in all-cause, long-term mortality in
patients with severe ischemic cardiomyopathy. These
patients had a more impaired left ventricular function
(LVEF on average 23.6%)." Hence, the use of an IABP
might prevent re-occlusion by augmenting coronary
perfusion in combination with thrombolytic therapy,?
whereas it failed to show any benefit in patients with
only moderate impaired LVEF who are treated with pri-
mary angioplasty.?!

Taking the similarity of both cerebral and myocar-
dial ischemia into consideration, the implantation of
an TABP after acute ischemic stroke and thrombolytic
therapy might be feasible for improving outcome in
these patients by increasing patency rates of the infarct-
related artery. Furthermore, the use of an IABP could
enhance cerebral blood flow, especially in the penum-
bra, and may provide a new treatment option in
patients with acute ischemic stroke and simultaneously
existing heart failure. However, it is not clear which
patients might profit from the IABP by augmenting
cerebral perfusion.

The aim of this pilot study was to examine the hemo-
dynamic effects of an IABP on cerebral blood flow in
patients with severely impaired left ventricular func-
tion.

Methods

Thirty-six subjects were examined to determine the
effect of the IABP on middle cerebral artery (MCA)
transcranial Doppler (TCD) flow velocity change and
cerebral flow augmentation compared to a baseline
measurement without an IABP. All the patients were
undergoing coronary angiography, either due to acute
coronary syndrome or elective high-risk percutaneous
coronary intervention (PCI). The IABP was inserted in
the cardiac catheterization laboratory via the femoral
artery using an 8.0 Fr intra-aortic balloon catheter
(Fidelity IAB Catheter, Maquet Cardiopulmonary AG,
Hirrlingen, Germany). Afterwards, the patients were
transferred to the intensive care unit. The balloon size
was adapted to the subject’s height. IABP inflation and
deflation timing was optimized automatically by the
IABP. The position of the IABP was controlled by chest
X-ray.

Measurements of transcranial blood flow velocities
were performed as previously described.?? To determine
the effect of the IABP on MCA cerebral flow, subjects
were on 1:1 augmentation by IABP for at least one hour
before the measurements of MCA TCD flow velocity
change and velocity time integral (Figure 1) were per-
formed (Phillips HD 11, S3-1, 3 to 1 MHz, Philips
GmbH, Herrsching, Germany).

Afterwards, the IABP was paused for 1 minute and
changes in the parameters mentioned above were
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Figure 1. Measurement of transcranial Doppler (TCD) flow velocity of the middle cerebral artery (MCA) with and without the

intra-aortic balloon pump (IABP).

The picture shows a representative example of transcranial Doppler (TCD) flow measurement of the middle cerebral artery (MCA).
left: typical bimodal curve shows the increased mean cerebral blood velocity due to the increased diastolic cerebral blood flow while the IABP is

operating.

right: normal cerebral blood flow pattern in the MCA while the IABP is turned off.

Table I. Baseline characteristics.

Table | Overall LVEF>30% LVEF<30% p-value
(Group I) (Group 2)
n=26 n=10
Age (years) 69.1 = 10.1 683+ 2.1 71.2 £2.5 0.46
Female n (%) 10 (27.8) 7 (27) 3 (30) 0.86
Death n (%) 5(13.9) 2(7.7) 3(30) 0.19
LVEF (%) 39.7+11.2 443 9.6 277 +£34 <0.01
MAP with IABP in mmHg 81.5+39 80.7 £ 3.7 81.8+39 0.87
MAP without IAPB in mmHg 759 £23 76.0 £2.0 759 £25 0.62
Aspirin n (%) 36 (100) 26 (100) 10 (100)
Clopidogrel n (%) 35(97.2) 26 (100) 9 (90) 0.95
Heparin (%) 36 (100) 26 (100) 10 (100)
HR with IABP (beats/min) 827+ 164 80.9 = 135 914169 0.44
HR without IABP (beats/min) 82.1 £16.0 80.4 + 12,6 904+ 17.8 0.47
TAPSE (mm) 22.1 £53 224+12 208 £2.3 0.55
RVESP (mmHg) 369+ 122 35626 403 +43 0.36
Dobutamine n (%) 392149 350+ 438 50.0 £5.2 0.41
Noradrenaline n (%) 33447 27.0+45 50.0 +5.2 0.19

Values represent numbers of patients (n) with percentages in parenthesis or mean + standard error, as appropriate. LVEF: left ventricular ejection
fraction; MAP: mean arterial pressure; IABP: intra-aortic balloon pump; HR: heart rate; TAPSE: tricuspid annular plane systolic excursion; RVESP:

right ventricular systolic pressure.

measured. The cerebral blood flow (CBF) in the MCA
could be calculated as:

CBF=VTI+*HR*nVD/4

VTI: velocity time integral; HR: heart rate; VD: vessel
diameter.

Measurements were taken in the same section of the
MCA to ensure a constant vessel diameter. Differences
in heart rate in the measurements with and without
TABP were negligible (Table 1). Therefore, the relative
change in cerebral blood flow corresponds to the rela-
tive change of VTL

ACBF ~ AVTI

The subjects were divided into two groups according
to their ejection fraction (Group 1: LVEF >30%,

Group 2: LVEF <30%). The chosen cut-off point for
the left ventricular ejection fraction (LVEF) of 30%
reflects the transition to severe impairment of
systolic left heart function. LVEF was measured
by echocardiography following the Simpson
method.

Statistical analyses were performed by a statisti-
cian using SPSS v.19 (IBM SPSS Inc., Austin, TX).
The distribution of continuous data was examined
using the Kolmogorow-Smirnov test. Data with a
normal Gaussian distribution were analyzed using
Student’s t-test, data with a non-Gaussian distribu-
tion were analyzed using the Mann-Whitney U test.
Categorical data were compared using the Chi-square
test, except when the absolute number of events in
each group was <5, in which case Fisher’s exact test
was used. P-values <0.05 were considered as statisti-
cally significant.
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AVTI with |ABP [%]

LVEF > 30% LVEF < 30%

Figure 2. Improved cerebral blood flow in patients with
LVEF<30% using an |IABP.

The chart shows the improvement of velocity time integral (AVTI),
which corresponds in this setting (ACBF~VTI) to the improvement
of cerebral blood flow in patients with an IABP according to their left
ventricular function, LVEF >30% vs. LVEF <30%.

* p<0.05. Chart shows mean + standard error.

Results

Baseline characteristics of all 36 patients are shown in
Table 1. The mean LVEF in Group 1 was 44.3% + 9.6%,
compared to Group 2 with a LVEF 0f 27.7% + 3.4%. The
implantation of an IABP was able to improve the mean
cerebral blood flow in patients with a highly impaired
left ventricular function as well as in patients with nor-
mal or slightly impaired LVEE. However, patients with a
LVEF <30% had a significantly higher augmentation of
cerebral blood flow with the IABP compared to patients
with a LVEF>30%. The improvement of the cerebral
blood flow, measured in MCA TDC flow velocity
change, reached 20.9% (+ 3.9%) in Group 2 vs. 10.5% (+
2.2%) in Group 1 (p<0.05) (Figure 2). No severe compli-
cations (major bleeding or stroke) due to the implanta-
tion of an IABP were registered. Only two minor bleeds
occurred in Group 1. The usage of sympathomimetic
drugs was slightly higher in patients with highly
impaired left ventricular function (Group 2), but did
not reach significant values. The mean arterial pressure
(MAP) before implantation of an IABP was similar in
both groups. The MAP was increased only marginally
after IABP implantation in both groups, without any
significance.

Discussion

In the present study, we showed that an JABP augments
cerebral blood flow. The increase of cerebral blood flow
was significantly higher with 20% augmentation in sub-
jects with severe heart failure compared to patients with
slightly reduced left ventricular function. The higher
augmentation of cerebral blood flow in subjects with
highly decreased left ventricular function might be due

to the direct effect of the IABP, with displacement of
blood volume and, consequently, the improvement of
CO with the increase in coronary blood flow. Since right
heart catheters were not routinely used during the pro-
cedures, we could only speculate that the compensatory
increased in SVR might be reduced by the use of an
IABP as it was previously reported.!* As the CBF was
increased in a constant caliber of the main vessel, we
assume that the patients on an IAPB had an increased
CO. Since the decrease in mean arterial pressure in
patients with an IABP was absent, we postulate a
decrease in SVR (MAP = CO x SVR) as a possible expla-
nation for the presumably increased CO.

Both the decrease in left ventricular afterload and the
increase in cerebral perfusion could be beneficial to
patients with acute ischemic stroke and simultaneously
existing severe heart failure. These data reflect other
studies that proved an increased cerebral flow using
external counterpulsation in a small cohort of sub-
jects.?b23 In subjects with vasospasm, the increase in cer-
ebral blood flow was achieved using a partial aortic
obstruction by an intra-aortic inflation device which
diverts blood flow from the systemic circulation toward
the cerebral circulation.?* Contrary to the partial aortic
obstruction, the IABP achieved an increase in mean
CBF by augmenting, predominantly, the diastolic CBE.
Normally, cerebral blood flow (CBF) is kept constant
within a wide range (60 to 150 mmHg) of mean arterial
pressures (MAP) whereas the CBF in patients with
chronic heart failure can be reduced substantially.
Experimental data suggested that the cerebral arteriolar
dilatory capacity becomes nearly exhausted in patients
with severe heart failure.?#?> It is probable that enhance-
ment of cardiac output rather than raised arterial blood
pressure is able to increase CBF in patients with low car-
diac output. It has been demonstrated that reduced CBF
in patients with severe heart failure could be normalized
after successful heart transplantation.!® Therefore, the
use of an IABP is safe even after the use of fibrinolytics
and combined platelet aggregation inhibitors. The
implantation of an IABP can be performed at the bed-
side and requires minimum expertise. The concomitant
treatment of stroke and heart failure will be of vital rel-
evance in future. In these patients, the temporary use of
an IABP could provide a special benefit by improving
the cerebral blood flow. Limitations of this pilot study
are: a relatively small number of subjects treated with an
IABP, all the patients had cardiac diseases, but no strokes
were investigated. Furthermore, no long-term outcome
was noted. However, the use of an IABP seemed to be
able to enhance cerebral blood flow, especially in
patients with severe impaired heart function. The
increase in mean CBF is presumably due to an aug-
mented diastolic CBE. The clinical relevance of an iso-
lated augmentation of diastolic CBF currently cannot be
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assessed.?6?” The common use of heparin anticoagula-
tion in patients receiving an IABP could be difficult in
patients with acute ischemic stroke.?® However, no con-
vincing data for the necessity of anticoagulation in
patients with IABP currently exists.?>3 The literature
suggests that it is safe to omit heparinization when using
IABP counterpulsation.?! Considering the fact that cur-
rent therapy options for increasing CBF barely exist, the
temporary use of an IABP could provide a new treat-
ment option in selected patients with acute ischemic
stroke and simultaneous severe heart failure, especially
if there is a need to use a high dose of sympathomimetic
drugs for maintaining an adequate blood pressure.
Further studies have to address the question if the
implantation of an IABP in subjects with acute stroke
and severe heart failure could achieve a neurological
improvement.
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