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To improve the efficiency of standard cardiopulmonary
resuscitation (CPR), we evaluated the potential value of
impeding respiratory gas exchange selectively during the
decompression phase of standard CPR in a porcine model
of ventricular fibrillation. After 6 min of untreated cardiac
arrest, anesthetized farm pigs weighing 30 kg were ran-
domized to be treated with either standard CPR with a
sham valve (n � 11) or standard CPR plus a functional
inspiratory impedance threshold valve (ITV™) (n � 11).
Coronary perfusion pressure (CPP) (diastolic aortic mi-
nus right atrial pressure) was the primary endpoint. Vital
organ blood flow was assessed with radiolabeled micro-
spheres after 6 min of CPR, and defibrillation was at-
tempted 11 min after starting CPR. After 2 min of CPR,
mean � sem CPP was 14 � 2 mm Hg with the sham valve

versus 20 � 2 mm Hg in the ITV group (P � 0.006). Signif-
icantly higher CPPs were maintained throughout the
studywhentheITVwasused.After6minofCPR,mean�
sem left ventricular and global cerebral blood flows were
0.10 � 0.03 and 0.19 � 0.03 mL · min�1 · g�1 in the Control
group versus 0.19 � 0.03 and 0.26 � 0.03 mL · min�1 · g�1

in the ITV group, respectively (P � 0.05). Fifteen minutes
after successful defibrillation, 2 of 11 animals were alive in
the Control group versus 6 of 11 in the ITV group (not
significant). In conclusion, use of an inspiratory imped-
ance valve during standard CPR resulted in a marked in-
crease in CPP and vital organ blood flow after 6 min of
cardiac arrest.

(Anesth Analg 2001;93:649–55)

Standard closed chest manual cardiopulmonary
resuscitation (CPR) provides suboptimal vital or-
gan blood flow secondary to the inherent ineffi-

ciencies of this technique. Despite being the standard
of care for �40 years, survival after cardiac arrest and
standard CPR remains grim: on average �5% of pa-
tients survive to hospital discharge despite CPR. Be-
cause forward blood flow from the heart to the pe-
riphery during CPR is determined by adequate
venous return to the chest after each compression
cycle, new mechanical devices and improved pharma-
cologic therapies have been developed to enhance
CPR efficiency (1). One new approach, active

compression-decompression (ACD) CPR, is a tech-
nique that transforms the thorax into a more efficient
bellows. During the decompression phase, the chest is
actively pulled upward by using a handheld suction
device. This creates greater negative pressure within
the thorax, resulting in enhanced blood return to the
heart during the decompression phase (2,3). In com-
parison, venous return to the heart during standard
CPR is highly dependent on the degree of natural
chest wall recoil.

Investigations of the mechanism of ACD CPR led to
the realization that complete airway occlusion during
the decompression phase of ACD CPR resulted in
greater negative intrathoracic pressure, enhanced ve-
nous refill of the heart, and therefore, a significant
increase in CPR efficiency (4). Consequently, a new
inspiratory impedance valve was developed to pre-
vent inspiratory gas exchange only during the decom-
pression phase of CPR, when intrathoracic pressure is
less than atmospheric pressure (4,5). Most recently,
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the new valve has been evaluated in laboratory (4,5)
and clinical studies (6). When the impedance valve
was used during ACD CPR, coronary perfusion pres-
sure (CPP) and vital organ blood flow were signifi-
cantly increased compared with ACD CPR alone (4,6).

Because the impedance valve can be easily inserted
in the respiratory circuit and does not require specific
training when used during standard CPR, this device
may also enhance standard CPR efficacy (7). Further-
more, if the new valve improves CPP above a thresh-
old that usually correlates with return of spontaneous
circulation, the administration of vasopressor drugs
during CPR, such as epinephrine, may be spared (8).
Accordingly, the primary goal of the current investi-
gation was to assess the effects of the new valve dur-
ing standard CPR on CPP. Other endpoints, including
vital organ blood flow and return of spontaneous
circulation were also evaluated in an animal model of
cardiac arrest.

Materials and Methods
The Committee on Animal Experimentation approved
this project at the University of Minnesota. All animals
were managed in accordance with the guidelines of
the American Physiological Society, the University of
Minnesota, and the position of the American Heart
Association on Research Animal Use. Animal care and
use were performed by qualified individuals, super-
vised by veterinarians, and all facilities and transpor-
tation complied with current legal requirements and
guidelines. Anesthesia was used in all surgical inter-
ventions. All unnecessary suffering was avoided, and
research was terminated if unnecessary pain or fear
resulted. Our animal facilities meet the standards of
the American Association for Accreditation of Labo-
ratory Animal Care.

The study was performed according to Utstein-style
guidelines (9) on 22 healthy, 12–16-wk-old female do-
mestic farm pigs weighing 28–34 kg. The pigs were
anesthetized with a single bolus dose of ketamine
(20 mg/kg IM), and pentobarbital (15 mg/kg IV bolus
followed by 15 mg/kg per hour IV infusion) given via
an ear vein. The pigs were intubated during sponta-
neous respiration with a 7.5-mm cuffed endotracheal
tube (Mallinckrodt Critical Care, Glens Falls, NY), and
mechanically ventilated (model 607; Harvard Appara-
tus, Dover, MA) at a volume-controlled setting of
20 mL/kg. During the preparation time, respiratory
frequency was adjusted at 10–12 breaths/min accord-
ing to end-tidal and arterial carbon dioxide partial
pressure values to maintain the mean arterial carbon
dioxide partial pressure at 35 torr; inspiratory oxygen
concentration was 21%. Total fluid management con-
sisted of 500–1000 mL of normal saline solution ad-
ministered IV (Flo-Gard 6201; Baxter Healthcare,
Hooksett, NH) throughout the 3-h preparation period.

Left ventricular and ascending aortic arch blood
pressures were monitored by using a single high-
fidelity micromanometer-tipped catheter (Millar
Instruments, Houston, TX). This luminal aorto-left-
ventricular micromanometer catheter was posi-
tioned under fluoroscopic guidance by femoral cut-
down, and used for injection of radiolabeled
microspheres. To monitor right atrial pressures, an-
other micromanometer-tipped catheter was inserted
through a right jugular vein sheath. Reference blood
samples for measurement of organ blood flow were
withdrawn from a 5F catheter placed in the de-
scending aorta by femoral cutdown. Intrathoracic
pressures were measured by using another
micromanometer-tipped catheter positioned 2 cm
below the tip of the endotracheal tube. It was in-
serted into the respiratory circuit via a sealed
Y-connector, which was positioned between the en-
dotracheal tube and the test valves, as described
previously (4,5). Pressures were recorded continu-
ously and the maximal negative intrathoracic pres-
sure during each compression-decompression cycle
was measured. For the measurement of body tem-
perature, a thermometer was placed in the rectum.
Body temperature was maintained with a heating
blanket (Bair Hugger; Augustine Medical, Eden
Prairie, MN) between 38.0° and 39.0°C.

Measurements

Pressure tracings obtained from the high-fidelity mi-
cromanometer catheters were continuously monitored
with a data acquisition and recording system (Super-
scope II v1.295, GW Instruments, Somerville, MA).
Digitized data were analyzed electronically to provide
hemodynamic measurements. Heart rate was deter-
mined from a simultaneously recorded electrocardio-
gram signal. CPP calculated during diastole (relax-
ation) was defined as the arterio-venous pressure
difference (time-coincident difference between aortic
and right atrial pressure). Arterial blood gases were
analyzed (IL 1301; Instrumentation Laboratory, Lex-
ington, MA) every 30 min to ensure adequate acid
base status and oxygenation. Organ blood flow was
assessed with radiolabeled microspheres according to
the method described by Heymann et al. (10).

Microspheres used in this study were radiolabeled
with 141Ce, 51Cr, and 113Sr (DuPont-New England Nu-
clear, Boston, MA). Each microsphere vial was placed
in a water bath, and subjected to ultrasonic vibration
for 1 min before injection. Approximately 5 � 106

microspheres were then immediately injected into the
left ventricle through the lumen of the Millar catheter.
The syringe and catheter were flushed with 10 mL of
heparinized saline. With an automatic pump (Master-
flex; Cole-Parmer, Vernon Hills, IL), arterial blood was
continuously withdrawn from the descending aorta at
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a rate of 6 mL/min just before the microspheres injec-
tion to 4 min thereafter. At the end of the experiment,
the entire heart, cerebrum, and kidneys were re-
moved. The left ventricular free wall was sectioned
into three layers. Aliquots of each tissue were
weighed, and placed into vials. Radioactivities from
tissues and blood were measured with a � scintillation
spectrometer (COBRA II, Auto-Gamma; Packard In-
strument Co., Downers Grove, IL), and blood flow
values were subsequently calculated.

Experimental Protocol

This prospective randomized blinded evaluation was
performed by using two different types of impedance
valves (Figs. 1, 2). The functional impedance threshold
valve (ITV™ ) (CPRx LLC, Minneapolis, MN) in-
cluded the silicone diaphragm, which occludes the
airway within the valve during the decompression
phase. In the sham valve, the diaphragm was inten-
tionally omitted during the manufacturing process.
Both valves were pigmented so that it was not possible
for the research team to know whether or not a func-
tional or sham valve was used during the study. A
computer-generated list was used to randomize the
valves during the study.

The experimental protocol is shown in the timeline
of Figure 3.

Fifteen minutes before cardiac arrest, 5000 U IV
heparin was administered and prearrest hemody-
namic variables as well as blood gases were measured.
Immediately before induction of ventricular fibrilla-
tion, the anesthetic was discontinued. Ventricular fi-
brillation was induced by applying a 50 Hz, 7.5 V AC
electrical current through a right ventricular endocar-
dial electrode. Cardiac arrest was defined as the point
at which the aortic pulse pressure decreased to zero,
and the electrocardiogram showed ventricular fibril-
lation; ventilation was stopped at that point. After
6 min of untreated cardiac arrest, pigs were randomly
assigned to receive either the functional or sham valve
inserted between endotracheal tube and the bag valve.
The functional or sham valve was placed in the respi-
ratory circuit at that time. Closed-chest standard CPR
was performed at 80 bpm with a pneumatically driven
automatic piston device for CPR (ACD Controller;
AMBU, Glostrup, Denmark) for 11 min. With this
device, chest compression was consistently performed
at a depth of 25% of the anterior-posterior diameter of
the chest. This was monitored continuously by using a
displacement gauge as described previously (4,5).
With this device, the compression piston is lifted up-
ward so that the chest can return to its baseline posi-
tion after each compression. The compression and
decompression phase duty cycle was set to 50%. Ven-
tilation was performed by manual bag valve ventila-
tion with 10 L/min oxygen, an approximately 450-mL

tidal volume, and a 5:1 compression/ventilation ratio.
After 6 min of untreated ventricular fibrillation, and
then 6 min of standard CPR with a functional or sham
valve, radiolabeled microspheres were injected into
the left ventricle to assess vital organ blood flow.
Perfusion pressures were monitored throughout the
entire study. After 17 min of cardiac arrest, includ-
ing 11 min of CPR, up to 3 counter shocks (200 J)
were administered with a defibrillator (Lifepak 7;
Medtronic Physio-Control, Redmond, WA).

We defined return of spontaneous circulation as an
unassisted pulse with a systolic arterial pressure of
�80 mm Hg, and pulse pressure of �40 mm Hg, a
slightly more stringent criteria than the �60 mm Hg
arterial pressure as recommended by the Utstein
guidelines in laboratory CPR research. In animals that
were successfully resuscitated, an IV saline infusion
(300 mL per hour) was started. No other therapy was
delivered. Fifteen minutes after return of spontaneous
circulation, a third radiolabeled microsphere was in-
jected into the left ventricle to assess vital organ perfu-
sion after return of spontaneous circulation. After finish-
ing the experimental protocol, the animals were
euthanized with an overdose of pentobarbital and po-
tassium chloride. All pigs underwent necropsy to check
correct positioning of the catheters, damage to the rib
cage, and to harvest organs for blood flow measurement.

Values were expressed as mean � sem. The primary
endpoint was CPP. The comparability of weight and
baseline data was tested with the t-test for continuous
variables. A two-factor analysis of variance with re-
peated measures on one factor was used to determine
statistical significance between groups. Because blood
flow data were unevenly distributed, the Mann-
Whitney U-test (two-tailed) was applied to determine
a significant difference between each group. Statistical
significance was considered to be at P � 0.05 after
Bonferroni correction for multiple comparisons.

Results
Before induction of cardiac arrest, there were no sta-
tistically significant differences in weight, tempera-
ture, hemodynamic variables, organ blood flow, and
blood gases between groups (Tables 1 and 2).

The CPPs remained significantly higher during the
entire experiment (Fig. 4). Mean � sem negative in-
trathoracic pressures were lower in the Functional
Valve group (�5.2 � 0.5 mm Hg) when compared
with standard CPR alone (�1.1 � 0.2 mm Hg) (P �
0.0001 between groups). Mean � sem arterial carbon
dioxide partial pressure after 10 and 16 min of CPR
was significantly higher in the Functional Valve
group. Arterial pH values were significantly lower
when the functional valve was used (Table 1).

After 6 min of CPR, vital organ blood flow was
significantly higher in the Functional Impedance
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Valve group (Table 2). Left ventricular blood flow
nearly doubled with the functional impedance valve
but remained very low compared with prearrest val-
ues. In contrast, cerebral blood flow increased from
58% of baseline flow to 75% of baseline flow with the
functional valve (P � 0.05).

Return of spontaneous circulation could be
achieved in 6 of 11 animals in the ITV group versus 3
of 11 in the standard CPR group (not significant). No
vasopressors were used to achieve successful resusci-
tation. In surviving animals, there were no statistically
significant differences in hemodynamic variables, or-
gan blood flow, and blood gases between groups dur-
ing the postresuscitation phase. However, only 2 of 11
pigs in the Control group survived for 15 min,
whereas 6 of 11 animals treated with the functional
valve were still alive at this point (Tables 1 and 2).
Necropsy confirmed appropriate catheter positions,
and revealed no injuries of the rib cage or intrathoracic
organs in any animals.

Figure 1. Photograph of the impedance valve alone (A) and attached to a resuscitation bag (B).

Figure 2. Schematic representation of respi-
ratory gas flow through the impedance
valve in the absence and presence of cardio-
pulmonary resuscitation (CPR). During a
spontaneous breath, a safety check valve
opens at a cracking pressure of �22 cm
H2O, enabling inspiration. ITV � imped-
ance threshold valve.

Figure 3. Experimental protocol. ABG � arterial blood gas; Micro. �
microspheres; VF � ventricular fibrillation induced.
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Assessment of all valves after the experiment re-
vealed proper function in all cases.

Discussion
Passive chest wall recoil and subsequent intrathoracic
pressure changes determine the degree of blood re-
turn to the lungs and heart during standard CPR.

Closed chest standard CPR alone, without vasopres-
sors, often fails to maintain minimal levels of vital
organ blood flow needed to sustain and restore life
(12–15). The results from this study demonstrate that
intermittent airway occlusion with the impedance
valve during the decompression phase of standard
CPR improved cardiopulmonary blood return,
thereby significantly improving CPP and vital organ

Table 1. Blood Gas Variables at Baseline Before Cardiac Arrest, During Cardiac Arrest, During Cardiopulmonary
Resuscitation, and During the Postresuscitation Phase in Pigs

Prearrest
Cardiac
arrest

CPR (min) Postresuscitation phase

10 16 5 15

Pao2 torr
STD CPR 95 � 4 115 � 35 344 � 45 465 � 55 105 � 40 125
STD CPR � ITV 85 � 3 130 � 30 306 � 45 320 � 55 115 � 10 130 � 10

Paco2 torr
STD CPR 32 � 1 26 � 2 27 � 3* 24 � 2* 37 � 4 44
STD CPR � ITV 33 � 1 30 � 3 37 � 3 31 � 2 40 � 3 25 � 3

pHa units
STD CPR 7.46 � 0.01 7.51 � 0.02 7.44 � 0.03* 7.42 � 0.05* 7.29 � 0.06 7.25
STD CPR � ITV 7.44 � 0.01 7.45 � 0.03 7.30 � 0.02 7.29 � 0.02 7.24 � 0.04 7.30 � 0.03

All variables are given as mean � sem.
Prearrest � measurements before induction of cardiac arrest, CPR � cardiopulmonary resuscitation, STD CPR � standard cardiopulmonary resuscitation with

the sham valve, STD CPR � ITV � standard cardiopulmonary resuscitation with the functional valve, Po � oxygen partial pressure, Paco2 � carbon dioxide
partial pressure. The CPR values of 10 and 16 min refer to the period of time after induction of ventricular fibrillation. CPR was started after 6 min of untreated
ventricular fibrillation. Postresuscitation times refer to the total amount of time after successful resuscitation. Eleven pigs/group were studied. In the
postresuscitation phase, 6/11 animals in the STD CPR � ITV group survived for 15 min whereas 3/11 in the STD CPR group alone survived for �5 min and
only 2/11 lived for 15 min.

* P � 0.05 STD CPR versus STD CPR � ITV.

Table 2. Hemodynamic and Blood Flow Variables at Baseline Before Cardiac Arrest, During Cardiopulmonary
Resuscitation, and During the Postresuscitation Phase in Pigs

Baseline 12 min CPR 5 min ROSC 15 min ROSC

HR (bpm)
STD CPR 155 � 10 NA 160 � 30 (n� 3) 183 (n � 2)
STD CPR � ITV 155 � 8 NA 170 � 10 (n� 6) 176 � 21 (n � 6)

AO compression pressure (mm Hg)
STD CPR 92 � 7 50 � 3 77 � 11 (n� 3) 74 (n � 2)
STD CPR � ITV 100 � 3 57 � 4 87 � 10 (n� 6) 86 � 1 (n � 6)

AO decompression pressure (mm Hg)
STD CPR 77 � 7 15 � 4 44 � 13 (n� 3) 58 (n � 2)
STD CPR � ITV 87 � 3 20 � 1 60 � 8 (n �6) 62 � 9 (n � 6)

Mean right atrial pressure (mm Hg)
STD CPR 3 � 0 4 � 1 6 � 2 (n � 3) 3 (n � 2)
STD CPR � ITV 5 � 0 4 � 1 6 � 2 (n � 6) 4 � 1 (n � 6)

Left ventricular blood flow (mL � min�1 � g�1)
STD CPR 1.28 � 0.11 0.11 � 0.03* NA 1.2 (n � 2)
STD CPR � ITV 1.69 � 0.28 0.19 � 0.03 NA 1.7 � 0.40 (n � 6)

Global cerebral blood flow (mL � min�1 � g�1)
STD CPR 0.32 � 0.04 0.19 � 0.04* NA 0.23 (n � 2)
STD CPR � ITV 0.33 � 0.05 0.26 � 0.03 NA 0.22 � 0.03 (n � 6)

Kidney blood flow (mL � min�1 � g�1)
STD CPR 4.05 � 0.27 0.20 � 0.05 NA 2.96 (n � 2)
STD CPR � ITV 5.58 � 0.73 0.37 � 0.07 NA 2.77 � 0.25 (n � 6)

All variables are given as mean � sem.
Baseline � measurements before induction of cardiac arrest, CPR � cardiopulmonary resuscitation, AO � aortic, HR � heart rate, STD CPR � standard

cardiopulmonary resuscitation with the sham valve, STD CPR � ITV � standard cardiopulmonary resuscitation with the functional valve, NA � not applicable,
ROSC � return of spontaneous circulation. The CPR values 12 min refers to the period of time after induction of ventricular fibrillation. CPR was started after
6 min of untreated ventricular fibrillation. Postresuscitation times refer to the total amount of time after successful resuscitation. Eleven pigs/group were studied.
Only 6/11 in the STD CPR � ITV group survived for 5 min after ROSC versus 3/11 in the Control group.

* P � 0.05 STD CPR versus STD CPR � ITV.
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blood flow. The addition of the ITV improved the
efficiency of standard CPR and resulted in a nearly
40% improvement in cerebral blood flow and a 50%
increase in myocardial perfusion.

A distinctive difference between key hemodynamic
variables indicates that use of the new valve is bene-
ficial for “priming the pump” and increasing CPR
efficiency. The results from these studies suggest that
preventing inspiratory gas exchange during standard
CPR, when not actively ventilating the pigs, caused an
increased negative intrathoracic pressure during the
decompression phase of CPR. The consequences, in
the absence of powerful vasopressors typically used to
increase systemic vascular resistance, were striking.
Both hemodynamic data and blood flow measure-
ments support the fundamental importance of en-
hancing blood return into the thorax during CPR.
Accordingly, we found a significant improvement in
myocardial and cerebral perfusion. Although increas-
ing cardiac arrest times will increase the resistance to
sufficient reflow in vital organ systems (11), brain
blood flow was nearly 75% of normal values in the
Functional Valve group. Myocardial perfusion was
also increased by nearly twofold when compared with
standard CPR with the addition of the valve. How-
ever, even with the addition of the valve, total myo-
cardial perfusion fell far short of normal values. This is
in contrast to our findings when we compared vital
organ blood flow during ACD CPR with and without
an impedance valve (4,6). With active decompression
and the valve, left ventricular and brain blood flow
were approximately 55% and 125% of baseline, respec-
tively (4). In patients undergoing CPR, the mean blood
pressure was 110/56 when ACD/CPR was performed
with the valve versus 90/35 with ACD/CPR alone (6).

The hemodynamic effects of the impedance valve
during standard CPR may be closely related to the
arrest time, and other further factors such as fluid
status, levels of endogenous hormones, diaphragmatic
tone, the compliance of the ventricular wall, and du-
ration of CPR. Both chest wall and respiratory system
compliance during CPR decrease significantly over
time (12–16). The effectiveness of the valve depends
on many of these factors during standard CPR. This
may explain why we observed a greater effect of the
valve when the cardiac arrest time, in the absence of
CPR, was increased from four to six minutes. In an
earlier study, with a shorter arrest time, the effect of
the impedance valve was evident but not as striking
until the arrest time was lengthened (5).

As reported previously, insertion of the impedance
valve in the respiratory circuit decreased minute ven-
tilation by preventing airflow during chest compres-
sions (4). This resulted in higher-than-normal arterial
carbon dioxide values in the Functional Valve group
(4,5). Moreover, progressive arterial acidosis occurred
to a greater extent when the valve was used. The latter
finding is likely to reflect the beneficial effects of air-
way occlusion on systemic circulation, whereas nor-
mal arterial pH values during low flow states such as
CPR may not reflect the degree of cardio-circulatory
failure (16). Because we did not measure mixed ve-
nous blood samples, it is not possible to state defini-
tively whether the lower pH in the Active Valve group
is secondary to increased metabolic acidosis or wors-
ening respiratory acidosis. Although the decrease in
gas exchange in the Functional Valve group was ob-
vious, all variables remained within adequate levels.
Furthermore, the trend of 6 of 11 ITV versus 3 of 11
standard pigs with return of spontaneous circulation
suggests that decreased minute ventilation in the
Functional Valve group had no negative impact on
survival rates. Fifteen minutes after return of sponta-
neous circulation, 6 of 11 pigs treated with the func-
tional valve were alive versus 2 of 11 in controls.

Some limitations of the present study should be
noted. We did not assess mixed venous blood gases;
accordingly, we are unable to interpret gradients be-
tween mixed venous and arterial blood gas values.
Ventilation was synchronized with chest compres-
sions and delivered primarily during the decompres-
sion phase. Therefore, we were unable to report on
effects of the valve when chest compressions and ven-
tilation were not synchronized. In addition, we deter-
mined the sample size based on CPP as the primary
endpoint. Consequently, a potential survival benefit
from the valve will require another study (continuing)
with a larger number of animals.

Additional limitations include that we did not mea-
sure chest wall compliance in this study, which varies

Figure 4. Mean � sem coronary perfusion pressure (CPP) during
impedance threshold valve (ITV) cardiopulmonary resuscitation
(CPR) (□), or standard CPR (�). STD CPR � standard CPR with a
sham valve, STD CPR � ITV � standard CPR with a functional
valve. *P � 0.0001 for comparisons between groups.

654 TECHNOLOGY, COMPUTING, AND SIMULATION LURIE ET AL. ANESTH ANALG
IMPROVING STANDARD CPR AND INSPIRATORY IMPEDANCE THRESHOLD VALVE 2001;93:649–55



in pigs and humans from one chest to the next. Inter-
individual differences in chest wall may strongly in-
fluence the effect of intermittent airway occlusion on
hemodynamics during standard CPR. As such, it is
important to reemphasize that, when performing stan-
dard CPR on a pig or on a patient, the chest must be
allowed to recoil to its natural resting position to
provide the chest recoil needed to create a slight vac-
uum within the thorax relative to the rest of the body
and atmospheric pressure. We also observed some
differences in the baseline CPPs between the groups.
Although these were not statistically significant, they
could have altered the overall results. Finally, it is
important to note that we observed no significant
adverse effects of the impedance valve in this model.

In conclusion, the use of an impedance valve during
standard CPR resulted in a marked increase in CPP
and vital organ blood flow when compared with stan-
dard CPR alone. On the basis of these favorable
results, examination of the potential benefit of inter-
mittent impedance of inspiratory gas exchange during
standard CPR in patients seems warranted.
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