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Pneumatic External Counlerpulsaﬁdn: A New
Noninvasive Method fo Improve Organ Perfusion

Dierk Werner, Mp, Manfred Schneider, MD, Mathias Weise, MD,
Barbara Nonnast-Daniel, Mp, and Werner G. Daniel, M

ntra-aortic balloon counterpulsation (IABC) is the

most commonly used cardiac assistance procedure
for temporary. support of the failing heart after acute
myocardial infarction and cardiac surgery. IABC is
proven to increase survival in cardiogenic shock un-
responsive to pharmacologic treatment.' However, the
complication rate ranges between 10% and 15%.2
External counterpulsation as a noninvasive alternative
to IABC was developed in the 1960s. This technique
operated by applying electrocardiographic-triggered
diastolic pressure via water-filled cylinders to the vas-
cular bed of the lower limbs. Despite initial promising
results+5 this hydraulic external counterpulsation was
less effective in comparison with IABC and could not
be established.® In 1983, pneumatic external counter-
pulsation (PECP) was described” based on experi-
ences with hydraulic external counterpulsation®
PECP applies sequential diastolic pressure to calves,
thighs, and buttocks by means of 3 air-filled paired
cuffs (Figure 1). This system is widely used in China
and in some cardiologic centers in the Western World
for treatment of patients with angina pectoris and
cerebrovascular disease. At the Third Chinese Na-
tional Congress on external counterpulsation, a signif-
icant reduction of angina pectoris was reported in
3,218 of 6,116 patients (53%), and a functional im-
provement was observed after PECP therapy in 76 of
100 patients with sudden deafness.® The American
study MUST-EECP (Multicenter Study of Enhanced
External Counterpulsation) demonstrated a decrease
in anginal symptoms and nitroglycerin usage as well
as a reduction in ischemic ST-segment depression
after a treatment course of 35 hours (1 hour/day).'°
Lawson et al'! demonstrated a long-term effect of this
therapy in patients with angina pectoris over a period
of 3 years. Despite these encouragingclinical results,
measurements of hemodynamic changes induced by
PECP are very rare.’2 The objective of this study was
the estimation of hemodynamic effegts of PECP.

JABLE | Duplex Sconning and Echocardiogrophic Findings
During Pneumatic External Counterpulsation®

Adtery/Stroke Increase of Flow Yolume/
Volume Stroke Volume {%) p Volue

Cuff Pressure: 200 mm Hg, Using Cuffs for Calves and Thighs

Common carofid arfery 19+6 <0.01
Internal carotid artery 195 <0.01
Right vertebral artery 12+ 4 <0.05
Left vertebral artery s <0.05
Hepatic artery 25+13 <0.01
Right renal artery 219 “ <0.01
* Abdominal aoria : 88 + 48 <0.01
Internal iliac artery 144 = 29 <0.05
Stroke volume ~ 1229 <0.05
Left coronary main stem 18+ 6 NS

Cuff Pressure: 300 mm Hg, Using Cuffs for Calves, Thighs, and

Butiocks
Internal carofid arfery 266 <0.01
Left coronary main stem 422 NS

*Ci ok

volunteers, iransesophageal echoin 3 patients with coronary arlery

disease.
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For this study, the 2 commercially available PECP
devices were used (Vasomedical Inc., Westbury, New
York; and Cardiomedics Inc., Irvine, California).
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- 'FIGURE 2. Flow pattern in common carotid artery. {A] Before
PECP. (B} PECP using calves and thighs. {C} PECP using calves,
thighs, and buttocks.

3

with counterpuisation

FIGURE 3. Flow pattern in left coronary main stem during and affer PECP.

PECP was used in 16 healthy volunteers (ages 28 *+ 4
years) using at first a pressure of 200 mm Hg to calves
and thighs only, and then a pressure of 300 mm Hg to
calves, thighs, and buttocks. Changes in flow volume
in carotid, vertebral, hepatic, renal, and internal iliac
arteries were measured by duplexsonography and
stroke volume by Doppler echocardiography before
and at the end of 1 hour of PECP. In 6 patients
undergoing transesophageal echocardiography for
clinical reasons, flow measurement in the left coro-
nary main stem was performed before and during
PECP. .

During PECP, using cuffs for thighs and calves and
200 mm Hg pressure flow, all investigated arteries
showed a characteristic diastolic augmentation (Figure
2). Flow volume in the common carotid artery in-
creased by 19 * 6% (p <0.01), in the internal carotid
artery by 19 * 5%, in the right and left vertebral
arteries by 12 = 4% and 11 * 5% (p <0.05), respec-
tively, in the renal artery by 21 * 9% (p <0.01), in the
hepatic artery by 25 * 13% (p <0.01), and in the
internal iliac artery by 144 *+ 29% (p <<0.05). Further
augmentation was reached when the buttocks belt was

“used in addition; the cuff pressure of 300 mm Hg flow

volume increased by 26 * 6% in the internal carotid
artery. There were no changes in the diameter of the
studied arteries during PECP; only the abdominal
aorta showed a significant diastolic increase measured
by sonography (mean change 1.0 * 0.8 mm). Stroke
volume of the volunteers increased from 67 * 22 ml
before PECP to 75 = 27 ml (12%; p <0.05) at the end
of 1 hour of use. PECP was well tolerated by all
volunteers; 3 persons described fatigue of limb mus-
cles on the next day and | complained headache
immediately after PECP.

In" 3 patients, PECP led to an increase of flow
volume in the left main coronary stem by 18 * 6%
using cuffs for calves and thighs and a pressure of 200

mm Hg (Figure 3). Using an ad-

ditional buttocks belt and a cuff

< pressure of 300 mm Hg, flow

: volume increased by 42 * 2% in
the 3 other patients.

Our data demonstrate that
PECP leads to a significant in-
crease in perfusion of brain,
liver, kidneys, and myocardium,
the latter being mainly perfused
during diastole. The augmenta-
tion of flow volume is accompa-
nied by an increase in mean ar-
terial pressure by 15%!'3 and a
downregulation of the vasocon-
strictive hormones endothelin
and renin from 75% to 80% of
baseline levels in healthy volun-
teers and patients with coronary
artery disease.'4 These hemody-
namic findings help to interpret

withaut counterpuisation 0 reported clinical improve-

ments in patients with coronary




artery disease of with cerebrovascular diseases (e.g.,
transient ischemic attacks, ischemic central retinopa-
thy or sudden deafness). Compared with IABC the
advantagés of external counterpulsation are simpler
application, possibility of repeated use, and a very low
risk of complications.

In conclusion, PECP provides an increase in
perfusion of all internal organs and could be a new
and noninvasive therapeutic option for patients
with different diseases caused by disturbed organ

perfusion.
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