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Improving Active Compression-Decompression
Cardiopulmonary Resuscitation With an
Inspiratory Impedance Valve

Keith G. Lurie. MD: Paul Coffeen, MD: Jeffrey Shultz, MD; Scott McKnite, BS:
Barry Detloff, BA: Kate Mulligan. BA

Background  Active compression-decompression {ACD)
cardiopulmonary resuscitation (CPR) has recently been dem-
onstrated to provide significantly more blood flow to vital
organs during cardiac arrest, To further enhance the effective-
ness of this technigque, we tested the hypothesis that intermit-
tent impedance to inspiratory gas exchange during the decom-
pression phase of ACD CPR enhances vital organ blood flow.

Methods and Results  ACD CPR was performed with a
prcumatically driven automated compression-decompression
device in o porcing model of ventricular fibrillation (VF). Nine
pigs were randomized to receive ACD CPR alonce, while 8 pigs
received ACD CPR plus inermittent impedance to inspiratory
gus exchange with o threshold valve ser 1o 40 cm H.O. Results
comparing 2 minutes of ACD CPR alone versus ACD CPR
with the inspiratory impedance threshold vabee (ITV) revealed
significantly higher mean (=SEM) coronary perfusion pres-
sures {diastolic aortic minus diastolic right atrial pressures) in
the ITV (310223 mm Hg) group versus with ACD CPR alone
(2136 mm Hg) (£=.05), Total left vemtricular and cerchral

blood flows, determined by radiolabeled microspheres, were
0.77£0.095 and 0.47 +0.06 mL/min per gram. respectively. with
ACD CPR plus the ITV versus 0.45=0.1 and (L32=0.016
mL/min per gram, respectively, with ACD CPR alone (F=.03).
Similar improvements in the TV group were obsenved aller 7
minutes of ACD CPR. After 16 minutes of VF and 13 minutes
of ACD CPR, 6 of 8 pigs in the [TV group were successfully
resuscitated with less than three successive 150-] shocks.
whereas only 2 of 9 pigs with ACD CPR alone were resusci-
tated with equivalent energy levels (P<02). With up to three
additional snd successive 200-J shocks, all pigs in the [TV
group and 7 of 9 pigs with ACD CPR alone were resuscitated
(P=.14).

Conclusions  Intermittent impedance to inspiratory low of
respiratory pases during ACD CPR significantly improves
coronary perfusion pressures and vital organ Blood flow and
lowers defibrillation energy requirements in a porcine model of
VF. (Circulation. 1995:91:1629-1632.)
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clive compression-decompression (ACD) car-
divpulmonary resuscitation (CPR) has recently

been deseribed as a method to improve vital

organ blood Aow and the currently poor resuscitation
rates in patients sulfering from cardiac arrest,' This new
method increases blood Bow to the heart and brain when
compared with other methods of CPR by cnhancing the
“hellows-like™ action of the chest.'* However. the de-
gree to which active decompression augments coronary
perfusion pressure is dependent on a number of critical
factors including the time between cardiac arrest and
initiation of CPR, chest wall compliance, fAuid status,
myocardial size. ventricular wall compliance, and dia-
phrugmatic tone. In previous studies of humans mechan-
ically ventilated and in ventricular fibrillation (VF), we
observed that intrathoracic pressure was significantly
lower when the endotracheal tube was temporarily oc-
cluded during ACD CPR.- Since greater negative in-
trathoracic pressures during the decompression phase
may enhance venous blood return 1o the thorax, we
recently hypothesized that intermittent impedance to
the inflow of respiratory gases during the decompression
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phase should further enhance the effectiveness of ACD
CPR.* The purpose of the present investigation was to
test this hypothesis by insertion of an inspiratory imped-
ance threshold valve (ITV) in the respiraton cireut.
This report describes the measurements of central aortic
pressurcs, coronary perfusion pressures. vital organ
blood flow with radiolabeled microspheres. arteriul
blood gases. and the rate of return of spontancous
circulation (ROSC) in a well-established porcine model
of VF.

Methods

The experiments described in this manuscript were approved
by the Committee on Animal Experimentation at the Univer-
sity of Minnesota. Healthy female domestic farm pigs (28 (o 33
kg) were fasted overnight and ancsthetized with pentoharhital
(20 mg/kg IV bolus followed by 2.5 mg/kg per hour IV infusion)
via an ear vein. The surgical approach has been described
previously.** Once anesthetized, pigs were pluced in the dorsal
recumbent position and intubated by standard endotrachenl
intubation technique. They were ventilated during the prepa-
ratory phase of the experiment and after ROSC ar the end of
the experiment with a mechanical respirator (model 607,
Harvard Apparatus Co, Inc.). The tidal volume was set at 4500
mL and delivered berween 11 and 15 breaths per minute with
supplemental oxveen at 2 Limin. Normal saline solution was
administered intravenously through the preparative and study
periods by an infusion pump (Flo-Gard 6201, Baxter
Healthcare).

The preparatory phase. which included cannulation of hoth
femoral arteries and the right jugalar vein, as well as calibration






