Improving the efficiency of cardiopulmonary resuscitation with an
inspiratory impedance threshold valve
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In an effort to improve the efficiency of cardiopulmonary
resuscitation (CPR), a new inspiratory impedance threshold valve
has been developed to enhance the return of blood to the thorax
during the chest decompression phase. This new device enhances
negative intrathoracic pressure during chest wall recoil or the
decompression phase, leading to improved vital organ perfusion
during both standard CPR and active compression-decompression CPR. With active compression-decompression CPR, addition
of the impedance threshold valve results in sustained diastolic
pressures of >55 mm Hg in patients in cardiac arrest. The new
valve shows promise for patients in asystole or shock refractory

S

everal new mechanical devices
have been developed in recent
years to improve the currently
poor outcomes for patients in
cardiac arrest (1, 2). One new technique,
active compression-decompression (ACD)
cardiopulmonary resuscitation (CPR),
uses a suction device to compress and
decompress the chest (1–5). ACD CPR
enhances blood return to the thorax by
decreasing intrathoracic pressure during
the decompression phase of CPR. Studies
evaluating intrathoracic pressures during
ACD CPR led to the recognition that occlusion of the airway during the chest
wall decompression phase resulted in an
additional decrease in negative intrathoracic pressure and more blood return to
the chest (6). Based on this mechanism, a
small inspiratory impedance valve (Fig.
1) was developed to occlude the airway
selectively during the decompression
phase of CPR, without resistance to exhalation or active ventilation (1, 2, 7–9).
The impedance threshold valve (ITV) is
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ventricular fibrillation, when enhanced return of blood flow to the
chest is needed to “prime the pump.” The potential long-term
benefits of this new valve remain under study. (Crit Care Med
2000; 28[Suppl.]:N207–N209)
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inserted into any standard respiratory circuit and can be used with standard CPR,
ACD CPR, and other methods of CPR
including the following: vest CPR, interposed abdominal counterpulsation CPR,
and phased thoracic-abdominal compression-decompression CPR. The ITV has
been shown to significantly increase vital
organ blood flow when used with either
standard CPR or ACD CPR in a porcine
model of ventricular fibrillation (7–9) and
to decrease defibrillation energy thresholds when used together with ACD CPR
(7). In patients undergoing ACD CPR, use
of the inspiratory valve group significantly increased end-tidal CO2, systolic,
diastolic, and coronary perfusion pressures compared with patients treated
with ACD CPR alone (9).

Mechanisms of Action
Decreases in negative intrathoracic
pressure during the decompression phase
of CPR enhance both ventilation and return of venous and arterial blood into the
thorax. This important mechanism has
been studied rigorously (1–10). During
CPR the chest functions like a bellows.
The recoil of the chest during the decompression phase of standard CPR is the
principal driving force behind the return
of blood to the thorax. With standard
CPR, the decrease in negative intrathoracic pressure generated by chest wall

recoil provides for only marginal levels of
blood return. As a result, over time forward blood flow out of the chest decreases secondary to decreasing venous
return of blood to the chest.
The effects of inspiration while maintaining a closed glottis in patients who
are awake is called the Mueller maneuver
(11). With this maneuver, inspiratory effort results in a marked decrease in intrathoracic pressure and there is an increase in venous blood return to the
chest. During cardiac arrest, chest wall
recoil during CPR decreases intrathoracic
pressure. By occluding the airway selectively during the chest wall decompression phase with the ITV, intrathoracic
pressures decrease further, as in the
Mueller maneuver, and more blood flows
back into the thorax. With the next chest
compression phase, stroke volume is increased. Consequently, the ITV harnesses
the kinetic energy associated with the
chest wall recoil, thereby increasing the
overall efficiency of CPR.

Description of the ITV
The ITV was designed to prevent inspiratory gas exchange only when intrathoracic pressures are less than atmospheric pressure. As soon as the chest
wall recoils after a chest compression, the
silicone diaphragm occludes the lumen
within the valve (ResQ-Valve; CPRx LLC,
N207

U

se of the impedance threshold
valve during car-

diopulmonary resuscitation
optimizes the bellows-like
action ofthe chest.

Figure 1. The inspiratory impedance threshold valve (ResQ-Valve, CPRx LLC, Minneapolis, MN)
functions by occluding the airway during the decompression phase of cardiopulmonary resuscitation
(CPR). The small valve is easily inserted into any standard respiratory circuit between the ventilation
bag and endotracheal tube, face mask, Combitube, or laryngeal mask airway. The valve (A) and
cut-away views (B and C) are shown.

Figure 3. A, a representative series of pressure
tracings demonstrating simultaneous measurement of intrathoracic, right atrial, and left ventricular pressures after 6 mins of ventricular fibrillation and 12 mins of standard cardiopulmonary resuscitation (CPR) in a pig model of
cardiac arrest are shown. B, standard CPR alone
(A) was compared with standard CPR with the
impedance threshold valve (ITV) (B). The progressive decrease in intrathoracic pressure, measured in the trachea, can be observed after each
ventilation when the ITV is used.
Figure 2. Blood flow during performance of cardiopulmonary resuscitation (CPR) in a porcine model
of ventricular fibrillation is illustrated. Both left ventricular, epicardial, endocardial blood flow (A) and
brain blood flow (B), measured using radiolabeled microspheres, increased with the addition of the
impedance threshold valve (ITV) with standard CPR (STD) and when the ITV was used during active
compression-decompression (ACD) CPR (2, 7, 8).

Minneapolis, MN), thereby preventing all
inspiratory gas exchange. During rescuer
ventilation, the lumen within the ITV remains open and there is no resistance to
ventilation. Similarly, during the chest
compression phase, there is no resistance
to expiratory gas exchange. The ITV is
equipped with a safety check valve that
will open at a set cracking pressure
should the patient regain spontaneous
respiration. The valve also contains a bacteria-static filter to prevent transmission
of disease. The impedance valve is designed to fit between a standard ventilaN208

tion bag and an endotracheal tube, a face
mask, a laryngeal mask airway, Combitube, or other airway assist device. When
it is used in combination with a face
mask, the ITV functions well and the seal
is adequate.

Animal Studies
The first investigation on the concept
of inspiratory impedance during ACD
CPR was performed in a porcine model of
ventricular fibrillation. The addition of an
inspiratory impedance valve resulted in a

marked enhancement of vital organ perfusion (Fig. 2) and a decrease in the total
energy required for effective defibrillation
(7). In studies with standard CPR, the
benefit was similar (8). Figure 3 demonstrates the changes in intrathoracic
(measurements obtained in the trachea),
right atrial, and aortic pressures in a pig
model of cardiac arrest. Intrathoracic
pressures were lower and the coronary
perfusion pressures (diastolic aortic minus right atrial pressures) were higher
with the ITV.

Clinical Studies
The ITV was studied in patients in
cardiac arrest during ACD CPR (9). In a
Crit Care Med 2000 Vol. 28, No. 11 (Suppl.)

animals and in patients. At present, we
still lack data in patients regarding the
potential benefits of the ITV with standard CPR alone. Additional studies are
under way to evaluate the potential longterm benefit of the ITV with both standard and ACD CPR.
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Figure 4. A, end-tidal CO2 (ETCO2) levels for patients receiving active compression-decompression
(ACD) cardiopulmonary resuscitation (CPR) plus impedance threshold valve (ITV) vs. ACD CPR alone
(open circles) are compared. Within minutes after intubation (T ⫽ 0), there was a significantly greater
increase and more rapid rise in peak ETCO2 levels in the ACD CPR plus valve group when compared
to ACD CPR alone (p ⬍ .001 for peak values). Numbers in parentheses reflect the number of patients
still in cardiac arrest at each time point. Inset graph shows data from each individual patient who
survived in each group (filled symbols represent ACD ⫹ valve; open symbols represent ACD alone) (9).
B, diastolic blood pressures in patients with out-of-hospital cardiac arrest receiving ACD CPR alone vs.
ACD CPR plus the valve (ITV) are illustrated. Patients underwent endotracheal intubation at T ⫽ 0
mins. The differences between diastolic pressures were highly statistically significant (p ⬍ .01)
between groups (9). C, coronary perfusion pressures (diastolic aortic minus right atrial) are shown in
the same patient population.

blinded, randomized, prospective study, a
total of 21 patients in out-of-hospital cardiac arrest were studied. Ten patients received ACD CPR during advanced life
support with a sham ITV (the silicone
diaphragm was removed), and 11 patients
received ACD CPR plus the ITV. All had
asystole when the mobile intensive care
unit arrived at the scene and the study
was performed. The end-tidal CO2 values
were similar at the time of intubation
(T ⫽ 0). With ACD CPR plus the ITV,
end-tidal CO2 rose more rapidly and to a
higher value than those patients who received ACD CPR alone (Fig. 4A). Four of
11 patients in the valve group had a spontaneous return of circulation after a
mean time of 19.8 ⫾ 2.8 mins vs. two of
ten patients in the ACD group alone (with
a mean time of 26.5 ⫾ 0.7 mins of CPR
(p ⬍ .05) for time from initiation of advanced life support CPR to return of
spontaneous circulation (Fig. 4A, insert).
The mean peak systolic blood pressure in
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patients who received ACD CPR plus an
active valve was 108 ⫾ 3.1 mm Hg vs.
90 ⫾ 6.4 mm Hg in the ACD CPR alone
group (p ⬍ .05). More striking, however,
were the differences in diastolic blood
pressure, mean arterial pressure, and coronary perfusion pressure. Diastolic blood
pressures in patients who received ACD
CPR plus the ITV were ⬎55 mm Hg, and
coronary perfusion pressures in that
same group were ⬎35 mm of Hg (p ⬍
.05) (Fig. 4, B and C). Diastolic blood
pressures and coronary perfusion pressures of this magnitude have not previously been reported in patients in cardiac
arrest (9).

CONCLUSIONS
These new observations support the
hypothesis that use of the ITV during
CPR optimizes the bellows-like action of
the chest. The hemodynamic benefits of
the ITV during ACD CPR are striking in
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