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By Craig Manifold, DO
This JEMS supplement on Intrathoracic Pressure Regula-
tion (IPR) presents current perspectives and data from 
EMS medical directors and researchers on this non-invasive 
therapy that improves circulation in cardiac arrest and 
shock states from a variety of etiologies. Changes in intra-
thoracic pressure, subtle and invisible to prehospital provid-
ers, dramatically affect coronary and cerebral blood flow.

IPR therapy was discovered in 1987 when Keith Lurie, 
MD, treated a patient resuscitated twice by using a toi-
let plunger for CPR and survived neurologically intact. This 
led to the development of the CardioPump, a device that 
performs active compression-decompression CPR (ACD-
CPR). However, studies of ACD-CPR saw mixed results. 
Subsequent research demonstrated an open airway dur-
ing CPR eliminated negative pressure created during 
CPR and that negative intrathoracic pressure dramati-
cally increased when the airway was temporarily blocked 
during chest wall recoil, improving cardiac preload and 
coronary artery perfusion. This finding led to the develop-
ment of the impedance threshold device (ITD) to limit the 
influx of air during chest-wall recoil to enhance intratho-
racic vacuum and perfusion during CPR. Clinical studies 
have shown increased survival when an ITD is used with 
an ACD-CPR device and a bundled approach to cardiac 
arrest. This supplement highlights EMS agencies using a 
systems-based approach (including the ITD) reporting sur-
vival rates above national averages.

The therapeutic concept to enhance perfusion by 
increasing negative intrathoracic pressure, termed intra-
thoracic pressure regulation (IPR), drew the interest of 
NASA and the U.S. military as a treatment for patients suf-
fering from hypotension and shock. The ITD 7 (ResQGARD 
ITD) was developed to enhance circulation in spontane-
ously breathing hypotensive patients non-invasively. Use 
of the ResQGARD has been shown in studies to increase 
blood pressure by up to 30%. In this supplement, systems 
using the ITD 7 will share their experiences and data.

Current research and experience with IPR supports its 
use to enhance perfusion; the more we learn, the more the 
potential for IPR therapy grows. We’ll explore exciting new 
areas where IPR therapy is showing an impact.

Our goal is to provide you with an understanding of IPR 
Therapy and its future potential in this supplement so that 
you can be more effective in implementing it in the field.
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relationship between intrathoracic pressure 
and blood flow was observed. Moreno et al 
showed that as intrathoracic pressure decreases, 
blood flow back to the heart increases.1 Results 
from experiments conducted using an animal 
hemorrhage model support the concept that 
reduced intrathoracic pressure results in a low-
ering of right atrial pressure, which in turn pulls 
more venous blood back into the thorax and 
increases arterial pressure and cerebral perfu-
sion. This hydraulic effect is shown in Figure 1.2 

In a healthy person, the body’s normal compen-
satory response regulates intrathoracic pressure 
to influence blood pressure. Under stress, such as 
during exercise, a person breathes harder, faster 
and deeper. These enhanced pressures in the tho-
racic cavity help to improve circulation. How-
ever, sometimes the body is unable to adequately 
compensate. For example, in a shock patient, the 
heart rate increases in an effort to maintain suf-
ficient blood flow, and intrathoracic pressure is 
modulated in an effort to increase perfusion.3 If 
the cause of the shock is not corrected, eventually 
the patient will decompensate and blood pressure 
will fall. This results in insufficient perfusion to 
protect the brain and other vital organs.

How IPR Therapy Works
IPR can help patients who are no longer able to 
compensate for reduced blood flow. Figure 2 (see 
p. 4) summarizes how this works. IPR enhances 
the negative pressure in the chest, pulling more 
blood back to the heart (i.e., increasing preload), 
which results in increased cardiac output. And 

H ypotensive patients, like those experi-
encing shock or, in extreme cases, car-
diac arrest, require enhanced blood flow 
to provide sufficient oxygen to vital 

organs. Poor perfusion results in poor survival 
and compromised neurological function. One 
way to improve outcomes is to regulate negative 
intrathoracic (chest) pressure by using intratho-
racic pressure regulation (IPR)—an innovative 
therapy that leverages the body’s own physiology. 

IPR enhances blood circulation, improves 
cardiac output and lowers intracranial pres-
sure (ICP) noninvasively to provide better per-
fusion to the brain. In this article, we’ll explore 
in detail the physiology behind IPR and its use 
with hypotensive and cardiac arrest patients. 

Physiology & Basic Scientific Evidence
The human body is continually regulating cir-
culation of blood by using positive and negative 
pressures inside the thoracic cavity. This regu-
lation acts like a bellows. During inhalation, 
the diaphragm moves down and the chest wall 
moves out, which creates a negative pressure (or 
vacuum) that draws air into the lungs and blood 
into the chest, and slightly lowers ICP. During 
exhalation, the diaphragm moves up and the 
chest wall moves in. This creates a positive pres-
sure that forces air out of the lungs, diminishes 
blood return to the chest and slightly raises ICP. 

In addition to moving air, intrathoracic pres-
sure affects blood flow. It is well understood 
that respiration and circulation are inextri-
cably linked. As far back as 1967, an inverse 

Impact of IPR on blood pressures2

Figure 1: Results from experiments conducted using an animal hemorrhage model support the concept that 
reduced intrathoracic pressure results in a lowering of right atrial pressure, which in turn pulls more venous 
blood back into the thorax and increases arterial pressure and cerebral perfusion.
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brain and vital organs.4 
The primary function of an ITD is to improve 

circulation by enhancing negative intrathoracic 
pressure. Data from clinical and preclinical 
studies support the notion that ITDs enhance 
negative intrathoracic pressure in both cardiac 
arrest and hypotensive patients.
•  During active compression decompression 

CPR (ACD-CPR), an ITD lowered intratho-
racic pressures from -1 mmHg (sham ITD) 
to -5 to -7 mmHg (active ITD) in out-of-hos-
pital cardiac arrest patients in a randomized, 
double-blinded, prospective clinical trial.5

•  In a study conducted using humans sub-
jected to a simulated hemorrhage of 30%, 
peak negative intrathoracic pressure was 
negligible with a sham ITD, but decreased to 
-12 cmH2O when an active ITD was applied.6

Data on the use of ITDs to deliver IPR is exten-
sive. More than 50 animal and human studies 
have been conducted on the use of ITDs in both 
conventional and ACD-CPR, and more than 30 
animal and human studies have been published 
on the use of an ITD in improving hemodynam-
ics during shock from a variety of etiologies.

because pressures in the chest are also trans-
mitted to the brain, IPR also lowers ICP, which 
decreases resistance to forward blood flow and 
makes it easier to get blood to the brain. The net 
result is improved perfusion to the brain and 
other vital organs. 

Another way to think about IPR Therapy is to 
contrast it to continuous positive airway pres-
sure (CPAP). IPR works in the opposite man-
ner as CPAP, which instead generates positive 
intrathoracic pressure by forcing air into the 
lungs. Used to treat patients with pulmonary 
edema, CPAP employs positive pressure to drive 
unwanted fluid out of the lungs. CPAP’s positive 
pressure ventilation therefore has an opposing 
effect on the cardiovascular system as compared 
to IPR: CPAP decreases cardiac output and blood 
pressure, while IPR Therapy increases these phys-
iological parameters. (See Figure 3, p. 5.)

IPR Therapy is currently delivered through 
impedance threshold devices (ITDs) which have 
mechanisms to enhance the negative pressure 
in the chest. This greater vacuum draws more 
blood into the chest and also lowers intracra-
nial pressure, resulting in more perfusion to the 

How IPR Therapy works

Figure 2: IPR Therapy enhances negative intrathoracic pressure, which lowers ICP, increases pre-load and 
cardiac output, and increases blood flow to the brain.
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ITD increased the time to cardiovascular collapse 
(decompensatory shock) by an average of 44%.6 

In two studies conducted at independent sites, 
use of an ITD was shown to be effective in ele-
vating blood pressure in hypotensive patients 
(~78/50 mmHg) during prehospital care, while 
still maintaining permissive hypotension (100/65 
mmHg).7,11 After application of the ITD, a 47% 
increase in pulse pressure and improved feel-
ings of well-being were reported in >85% of the 
patients, which is consistent with mechanisms of 
increased stroke volume and cerebral perfusion. 
We will explore the use of an ITD in hypotension 
in another article in this supplement.

How an ITD Works  
in Hypotensive Patients 
The ITD works in spontaneously breathing 
patients with low blood pressure by creating a 
slight amount of therapeutic resistance during 
inhalation. (See Figure 4.) This resistance en-
hances negative intrathoracic pressure, which in 
turn improves perfusion to the brain and other 
vital organs. An ITD is simple to use and can be 
applied by all levels of rescuers. With or without 
intravascular fluids, studies have shown that 
use of the ITD increases systolic and diastolic 
blood pressures by up to 30%.6

However, an ITD has advantages over flu-
ids in that it is non-invasive, it does not dilute 
clotting factors, and it does not cause spikes 
in blood pressure that may be associated with 
“popping the clot,” thus complementing a per-
missive hypotensive approach to blood pressure 
management.8,9 Supplemental oxygen may also 
be administered through the device.

Clinical and experimental studies on use of the 
IPR in hypotension have shown many benefits:
•  In a pre-clinical study, use of an ITD increased 

cardiac output by nearly 25% during a reduc-
tion of >50% in central blood volume.10

•  The ITD improved systolic blood pressure 
(SBP) by 25% to 30% during prehospital treat-
ment of hypotensive patients.7,11

•  Use of an ITD allowed for permissive hypo-
tension in a recent clinical study.11

•  Application of IPR Therapy results in 
improved oxygen delivery to the brain, which 
is frequently associated with an improved 
feeling of well-being in severely hypotensive 
patients during prehospital care.2,12

Use of an ITD has also been shown to extend the 
window of treatment for shock patients. In a labo-
ratory experiment designed to simulate continu-
ous progressive hemorrhage in humans, use of an 

Comparison of positive and negative pressure therapies

The ITD 7

Figure 3: We use positive pressure therapies (e.g., CPAP) to push fluids and air out, while negative pressure 
(e.g., IPR) can be used to draw fluids and air back to the chest.

Figure 4: IPR is delivered by the ITD 7 for 
spontaneously breathing hypotensive patients.

Intrathoracic Pressure
Positive (i.e., CPAP) Negative (i.e., IPR)

• Lower cardiac output
• Risk of hypotension
• 5 to 25 cmH2O
• Therapy for pulmonary edema

• Increased cardiac output
• Therapy for hypotension
• -7 to -10 cmH2O
•  Risk of pulmonary edema if negative intra-

thoracic pressure is excessive
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Studies on the use of IPR during CPR have 
shown increased blood flow to the heart and 
brain. Evidence has also shown that when an 
ITD is used in conjunction with ACD-CPR, 
which optimizes chest wall recoil, blood flow is 
even further enhanced.14

Key findings from clinical trials showed:
•  IPR increased systolic blood pressure (SBP) 

compared to standard CPR (an 85% increase 
in SBP after 14 minutes of IPR use) in a 
small, prospective, double-blind study in 
out-of-hospital cardiac arrest patients ran-
domized to IPR versus a sham control.15

•  Near-normal blood pressures were obtained 
when an ITD was used in conjunction with 
an ACD-CPR device in human subjects.16

In addition, several pre-clinical trials have 
shown (note that pre-clinical results may not be 
indicative of clinical results):
•  IPR significantly increases cardiac output 

compared to standard CPR. In a basic sci-
ence study of nine pigs, cardiac output 
increased by 57% using IPR as compared to 
standard CPR.17

•  A pre-clinical study showed IPR increased 
global brain blood flow by 27% compared to 
standard CPR.18

How an ITD Works During CPR
Even when performed well, conventional CPR 
provides only about 25% of normal blood flow 
to vital organs.13 This inadequate perfusion of 
tissues is due in part to an inherent inefficiency 
of CPR that impacts preload. As the chest wall 
recoils during CPR, a slight negative pressure 
(vacuum) develops in the chest that refills the 
heart. Since the victim’s airway is open, air flows 
freely into the lungs and neutralizes the vacuum 
that is responsible for creating preload. 

The ITD can be used in patients with low blood 
flow who are not spontaneously breathing (e.g., 
those patients in cardiac arrest undergoing CPR). 
It is placed into the ventilation circuit, and when 
used in combination with CPR, it prevents unnec-
essary air from flowing into the victim only dur-
ing the chest wall recoil phase. (See Figure 5.) 

If the body cannot draw air in, it instead pulls 
more blood back to the chest, increasing preload, 
as it attempts to equalize the vacuum. Patient 
ventilation and exhalation are not compromised 
in any way, and a safety check will open at -10 
cmH2O should the patient begin to breathe or 
gasp. Timing assist lights may be turned on to 
guide proper chest compression and ventilation, 
thus promoting high-quality CPR. 

The ITD 10 

Figure 5: IPR is delivered by the ITD 10 for patients in cardiac arrest.  The ITD can be used on a face mask or 
an advanced airway.
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•  Mean carotid blood flow increased by 37% 
using IPR as compared to standard CPR in 
a pre-clinical study.17

Multiple studies using ITDs have demon-
strated improved outcomes from cardiac arrest. 
One study showed that ACD-CPR with an ITD 
improved 24-hour survival by 45% compared to 
ACD-CPR alone.19

An even larger prospective, randomized, con-
trolled study showed that long-term survival 
improved by 49% in adult patients with non-trau-
matic cardiac arrest who received the combination 
of an ITD with ACD-CPR vs. standard CPR.20

Conclusion
Intrathoracic pressure regulation (IPR) helps 
the body help itself in cardiac arrest and shock, 
and is uniquely designed to improve cerebral 
perfusion. Animal and human studies have 
shown that IPR enhances vital organ circulation 
and outcomes in both hypotensive and cardiac 
arrest patients. ✚
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HemoDynamic Duo
 Improving survival from cardiac arrest using active 

compression-decompression CPR (ACD-CPR) with an ITD

By R.J. Frascone, MD, FACEP

M ore than 1,000 people suffer out-of-
hospital cardiac arrest every day in 
the United States. After more than 
50 years, survival remains dismal in 

most communities, with less than 8% of peo-
ple, on average, surviving neurologically intact 
to hospital discharge. While the use of active 
compression-decompression cardiopulmonary 
resuscitation (ACD-CPR) has shown mixed 
results in improving outcomes, the combination 
of ACD-CPR with an impedence threshold device 
(ITD) has been shown to improve overall survival 
to one year by 49% in adults with non-traumatic 
cardiac arrest of cardiac etiology.1 We’ll discuss 
how the device combination works and review 
the data supporting its use in resuscitation.

Physiology of CPR
Understanding the physiology of CPR helps us 
understand how the ResQCPR System works. 
There are two theories on the mechanism of 
CPR. The first is the Cardiac Pump Theory. This 
theory states that when the chest is depressed 
(compression) the heart is compressed between 
the sternum and spine, which squeezes the 
blood out of the heart and into the systemic 
vasculature. Blood naturally goes back into the 
heart and the process starts all over again with 
the next compression. People are most familiar 
with this theory because it’s been established for 
quite some time.

The second, newer theory is the Thoracic 
Pump Theory. This theory states that with each 
compression of the chest, a resultant positive 
pressure is created in the chest. This positive 



DECEMBER2014

A Supplement to JEMS9

to promote breathing and circulation.4 Inter-
est in the Thoracic Pump Theory was rekindled 
in 1990 when Keith Lurie, MD, and colleagues 
published the case of a man whose family mem-
bers resuscitated him by performing CPR with a 
household toilet plunger.5 This led to the devel-
opment of an ACD-CPR device called the Car-
dioPump outside the U.S. (See Figure 2, p. 10.)

This ACD-CPR device is a handheld device 
with a suction cup that’s placed on the chest 
during CPR. As with manual CPR, it’s used to 
compress the chest to a depth of 2 inches, but 
instead of relying on the chest wall to recoil pas-
sively, rescuers pull up on the handle to provide 
active decompression of the chest. This ensures 
that the chest wall recoils to at least neutral, 
and even beyond neutral, thereby enhanc-
ing the vacuum and improving the amount of 
blood that’s returned to the heart. The handle 
contains a force gauge to guide compression 
and lifting forces, and a metronome to guide 
compression rate. 

Early studies showed that in addition to 
doing a good job compressing and lifting the 
chest, ACD-CPR also moved more air in and 
out of the chest during CPR; in fact, tidal vol-
umes are two to four times that of conventional 
CPR.6 This was initially seen as a way to both 
compress and decompress the chest, as well as 
potentially providing an alternative to having 
to perform mouth-to-mouth ventilation.

It wasn’t until years later that researchers real-
ized that the movement of air into the chest 
while pulling up effectively eliminated the 
vacuum created by chest decompression and, 
therefore negated the vacuum we were trying 
so hard to promote. Early studies comparing 

pressure is transmitted to the blood inside the 
heart, and that blood then moves from the rela-
tive higher pressure inside the heart to the rela-
tive lower pressure of the systemic vasculature. 
Because compression of the chest increases the 
pressure to all the structures inside the chest, 
including the lungs, air in the lungs is expelled. 
Following chest compression, the chest pas-
sively recoils. (See Figure 1.)

The Thoracic Pump Theory states that this 
recoiling of the chest, or decompression, cre-
ates a small but very important vacuum (neg-
ative pressure), which sucks blood back into 
the heart, thereby providing preload. This neg-
ative pressure also lowers intracranial pressure 
(ICP) by promoting venous and cerebral spi-
nal fluid drainage from the brain. The lowered 
ICP results in less resistance to blood flow in 
the brain, which promotes cerebral perfusion. 
This alternating positive and negative pressure 
(modulation of intrathoracic pressure) helps 
circulate blood until the heart can be restarted. 

Unfortunately, studies have shown that even 
when performed correctly, conventional CPR 
delivers less than 25% of normal blood flow to 
the heart and brain.2 Understanding the rea-
sons for this can help us improve the effective-
ness of CPR.

Research has helped us to better understand 
potential issues with CPR. First, an inherent 
inefficiency of CPR contributes to suboptimal 
blood flow. When the chest wall recoils, air is 
drawn in through an open airway, eliminating 
the vacuum responsible for creating preload. 
The heart stops filling as soon as the vacuum 
is neutralized.

Second, poor CPR quality can impact out-
comes. Chest compression quality (rate and 
depth) have been shown to directly impact sur-
vival.3 Also, preload is dependent upon passive 
recoil during the chest decompression phase. If 
the chest doesn’t recoil completely, the vacuum 
doesn’t develop and preload is compromised. 
Inadequate chest wall recoil can be caused by 
broken ribs, poor chest wall compliance in 
old age or the weight of fatigued rescuers on a 
patient’s chest. 

The use of ACD-CPR with an ITD during 
CPR can address both of these inefficiencies.

Active Compression-Decompression CPR 
Active compression-decompression CPR (ACD-
CPR) was first described by Rudolf Eisenmenger 
in 1903 when he published an article on a device 
called the Biomotor, which applied suction 
and pressure on the abdomen and lower chest 

Compression & decompression phases of CPR

Figure 1: During the compression phase of CPR, positive pressure 
pushes blood out of the heart (a). During decompression, a negative 
pressure is created that pulls more blood back to the heart for 
preload (b).
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the resultant vacuum was much larger and was 
sustained for a much longer period of time. This 
finding led to the development of the impedance 
threshold device (ResQPOD ITD), a check valve 
that’s placed between the facemask or advanced 
airway device, and the ventilation bag or ventila-
tor. It selectively prevents air from being drawn 
into the chest during the chest decompression 
phase of CPR. The ITD does not restrict air 
movement during exhalation and ventilation, 
but checks during decompression. Preventing air 
from being drawn down the trachea and into the 
chest during decompression markedly improves 
the filling of the heart (preload) and, thus, mark-
edly improves cardiac output during the next 

ACD-CPR alone to conventional standard CPR 
showed mixed results, with little effect on the 
enhancement of the intrathoracic vacuum and 
no significant effect on long-term survival.7 
Researchers realized they needed to find a way 
to move more blood, not more air.

ACD-CPR with an ITD
While studying the ACD-CPR device, researchers 
discovered that if air was impeded from moving 
into the chest during the decompression phase, 

Figure 2: The ResQPOD ITD and the CardioPump (not available in 
the United States) ACD-CPR device.

Case Study from the ResQTrial
Professor Steve Dunn was working out at his 
gym in Oshkosh, Wis., when he began experienc-
ing chest pain. He attempted to drive himself 
to the hospital but went into cardiac arrest and 
crashed his vehicle in the hospital’s parking lot. 
EMS crews arrived on scene and began per-
forming CPR using an ACD-CPR device and ITD 
according to study protocol. 

To the medics’ surprise, Dr. Dunn became 
conscious during CPR and asked them to stop. 
When they complied, Dunn lost consciousness. 
Once again they began ACD-CPR with the ITD, 
and once again Dunn regained consciousness. 

Dunn ultimately survived with no neurologic 
deficits and, thankfully, no memory of the event. 
Signs of improved levels of consciousness (e.g., 
gasping, gagging, eye and limb movement) were 
reported during the ResQTrial and are indicative 
of how well the brain was being perfused. 

Steve Dunn with his sons.
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compression phase. Further, this increase in neg-
ative pressure also significantly lowers ICP, and 
also promotes significant increase in coronary 
circulation (which occurs during the decompres-
sion phase). 

The combination of the ITD with ACD-CPR 
has shown significant improvements in both 
hemodynamics and ultimate survival in car-
diac arrest.8

The two devices work synergistically to 
enhance the intrathoracic vacuum during the 
decompression phase. (See Figure 3.) Again, this 
has three effects:

1.  Markedly lowers ICP, which lowers the resis-
tance to forward blood flow, thus improv-
ing cerebral perfusion pressure.9

2.  Increases preload, which leads to in-
creased cardiac output on the subsequent 
compression.

3.  Improves coronary circulation.
A carefully conducted, large study showed 

that all of these improvements in circulation 
result in an increased likelihood of survival in 
patients with non-traumatic cardiac arrest.  In 
addition to human outcome trials, animal stud-
ies have shown that vital organ blood flow with 
the combination of ACD-CPR and the ITD is 
significantly better than when either device 
is used individually, and can result in normal 
blood flow to the brain.10–12 (See Figure 4.)

In human trials, Plaisance et al demonstrated 
that negative intrathoracic pressure could be 
significantly enhanced with both a facemask 
and an endotracheal tube during ACD-CPR 
with an ITD.13 Other human CPR trials have 
shown that the device combination:

•  Provided near-normal systolic and diastolic 
blood pressures.14,15 (See Figure 5, p. 12)

•  Improved 24-hour survival in witnessed 
arrest by 78% compared to standard CPR.16

•  Improved 24-hour survival by 45% com-
pared to ACD-CPR alone.17

The largest randomized, controlled trial of 
ACD-CPR with an ITD to date, called the ResQ-
Trial, showed that improved long-term survival 
can be a reality.8 This multicenter study com-
pared conventional standard CPR to ACD-CPR 
with an ITD in more than 1,600 patients who 
had suffered a cardiac arrest of presumed cardiac 

Intrathoracic pressures during CPR

Figure 3: During conventional CPR, a small negative pressure is created during chest wall recoil (a). When ACD-
CPR with an ITD is used during CPR, negative pressure is enhanced during chest wall recoil, increasing preload (b).

Blood flow during CPR

Figure 4: In a porcine model of v fib, ACD-CPR with 
an ITD resulted in almost quadrupled blood flow to 
the heart and near normal blood flow to the brain. 
Note that pre-clinical data may not be indicative of 
clinical results.
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causes, survival was 33% better in the group who 
received ACD-CPR with an ITD at one year.18 The 
neurological outcome in these patients appeared 
to be no worse than the control (standard CPR).

The intervention group did experience a 
higher rate of pulmonary edema, but all other 
complication rates between groups were simi-
lar. Interestingly, the presence of pulmonary 

edema was actually associated with 
a more than two-fold increase in 
survival to hospital discharge with 
good neurologic function.19 Thus, 
the ResQTrial clearly showed that 
ResQCPR is as safe as standard 
CPR across the board.

Although the four-year trial was 
prospective and randomized, there 
were a couple key limitations. First, 
it wasn’t possible to blind rescuers 
to the CPR method, though fol-
low-up after resuscitation and out 
to one year was blinded. Secondly, 
the quality of CPR wasn’t measured 
in either group, though the device 
group had the availability of visual 
and audible metronomes to guide 
compression and ventilation rates.

In addition to overall survival, 
neurologically intact survival was 
measured during the ResQTrial.  
Although some of this data is pre-
sented below, conclusions and 
inferences regarding neurologic 
outcomes cannot be drawn from 
the ResQTrial due to interpretabil-
ity issues related to the neurologic 
component of the data.

Neurologically intact survival 
was 52% higher at hospital dis-
charge for patients with presumed 
cardiac etiology who received ACD-
CPR + ITD compared to patients 
who received standard CPR.  Sim-
ilar improvements were measured 
in the larger cohort of patients 
who arrested from all non-trau-
matic causes, both at hospital dis-
charge and one year, as shown in 
Figure 6.

The trial showed that ACD-CPR 
with an ITD exhibited cardio- and 
neuro-protective qualities when 
used with or without therapeutic 
hypothermia. When using ther-
apeutic hypothermia and ACD-
CPR with an ITD, there was a 

etiology. Interestingly, rates of prehospital return 
of spontaneous circulation and survival to hospi-
tal admission were statistically similar; however, 
survival was 26% higher at hospital discharge, 
and 49% higher at one year in the group that 
received the device combination, despite receiv-
ing similar hospital care. In the larger cohort of 
patients who arrested from all non-traumatic 

Systolic and diastolic blood pressure in humans

Survival in the ResQTrial

Figure 5: Results from a human study show that near normal 
blood pressures were achieved with ACD-CPR + ITD.

Figure 6 shows results from the ResQTrial.  Adult patients with 
cardiac etiology who received ACD-CPR + ITD had a 49% better 
chance of survival to one year than those who received standard 
CPR.  Adult patients with non-traumatic cardiac arrest showed a 
38% increase in survival to one year when they received ACD-CPR + 
ITD vs. standard CPR.
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The Cochrane Library. 2013;(9):Art No.:CD002751.

8. Aufderheide TP, Frascone RJ, Wayne MA, et al. Standard cardio-
pulmonary resuscitation versus active compression-decom-
pression cardiopulmonary resuscitation with augmentation 
of negative intrathoracic pressure for out-of-hospital cardiac 
arrest: a randomized trial. Lancet. 2011;377(9762):301–311.

9. Metzger AK, Herman M, McKnite S, et al. Improved cerebral 
perfusion pressures and 24-hr neurological survival in a 
porcine model of cardiac arrest with active compression-
decompression cardiopulmonary resuscitation and augmen-
tation of negative intrathoracic pressure. Crit Care Med. 
2012;40(6):1851–1856.

10. Lurie KG, Coffeen P, Shultz J, et al. Improving active com-
pression-decompression cardiopulmonary resuscita-
tion with an inspiratory impedance valve. Circulation. 
1995;91(6):1629–1632.

11. Lurie KG, Lindner KH. Recent advances in cardiopul-
monary resuscitation. J Cardiovasc Electrophysiol. 
1997;8(5):584–600.

12. Lurie K, Zielinksi T, McKnite S, et al. Improving the effi-
ciency of cardiopulmonary resuscitation with an inspira-
tory impedance threshold valve. Crit Care Med. 2000;28(11 
Suppl):N207–N209.

13. Plaisance P, Soleil C, Lurie KG, et al. Use of an inspiratory imped-
ance threshold device on a facemask and endotracheal tube 
to reduce intrathoracic pressures during the decompression 
phase of active compression-decompression cardiopulmonary 
resuscitation. Crit Care Med. 2005;33(5):990–994.

14. Pirrallo RG, Aufderheide TP, Provo TA, et al. Effect of an inspira-
tory impedance threshold device on hemodynamics during 
conventional manual cardiopulmonary resuscitation. Resusci-
tation. 2005;66(1):13–20.

15. Plaisance P, Lurie KG, Payen D. Inspiratory impedance during 
active compression-decompression cardiopulmonary resusci-
tation: a randomized evaluation in patients in cardiac arrest. 
Circulation. 2000;101(9):989–994.

16. Wolcke BB, Mauer DK, Schoefmann MF, et al. Comparison of 
standard cardiopulmonary resuscitation versus the com-
bination of active compression-decompression cardio-
pulmonary resuscitation and an inspiratory impedance 
threshold device for out-of-hospital cardiac arrest. Circulation. 
2003;108(18):2201–2205.

17. Plaisance P, Lurie KG, Vicaut E, et al. Evaluation of an impedance 
threshold device in patients receiving active compression-
decompression cardiopulmonary resuscitation for out of hos-
pital cardiac arrest. Resuscitation. 2004;61(3):265–271.

18. Frascone RJ, Wayne MA, Swor RA, et al. Treatment of non-trau-
matic out-of-hospital cardiac arrest with active compression 
decompression cardiopulmonary resuscitation plus an imped-
ance threshold device. Resuscitation. 2013;84(9):1214–1222.

19. Debaty G, Aufderheide TP, Swor RA, et al. The paradoxical associ-
ation between pulmonary edema and survival with neurologi-
cal function after cardiac arrest. Circulation. 2014. [in press]

20. Wayne M, Tupper D, Swor R, et al. Improvement of long-term 
neurological function after sudden cardiac death and resus-
citation: impact of CPR method and post-resuscitation care. 
Resuscitation. 2011;82;Suppl1:S3.

21. Frascone RJ, Wayne M, Mahoney B, et al. Active compression 
decompression cardiopulmonary resuscitation and augmenta-
tion of negative intrathoracic pressure is neuro-protective in 
patients with an out-of-hospital cardiac arrest. Prehosp Emerg 
Care. 2012;16(1):178.

six-fold improvement (11.1% to 69.2%) in the 
percentage of patients who improved from 
poor neurologic status at hospital discharge 
to favorable neurologic status at 90 days, com-
pared to those patients who received standard 
CPR with therapeutic hypothermia.20 Con-
versely, for those patients who didn’t receive 
therapeutic hypothermia, use of the device 
combination was independently associated 
with a nearly two-fold increase in the number 
of survivors with favorable neurological func-
tion at the time of hospital discharge and 90 
days after the cardiac arrest.21

Conclusion
While the FDA has not yet approved the 
ResQCPR System (ResQPUMP ACD-CPR 
device and ResQPOD ITD) for use in the 
United States, we hope that the device combi-
nation will soon be made available. Use of ACD-
CPR with an ITD has been shown to have no 
increased risk, while at the same time resulting 
in a marked increase in survival over standard 
CPR in adult patients with non-traumatic car-
diac arrest. With the potential of improved one-
year survival of 49% in non-traumatic arrests of 
cardiac etiology, widespread adoption of the 
device combination could result in thousands 
more lives saved each year in the U.S. alone. ✚

 
R.J. Frascone, MD, FACEP, is a professor of emer-
gency medicine at the University of Minnesota. He’s 
currently a senior staff physician for Regions Hospital, 
a Level One Trauma Center in St. Paul, Minn., and has 
been an EMS medical director since 1985.
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How will IPR Therapy  
impact the way we  

treat patients in the future?

By Ray Fowler, MD, FACEP, DABEMS

CPR & Beyond
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The heart only pumps out the blood that it 
can pull back through the negative pressure on 
the right side of the heart; thus, cardiac output 
is maintained by negative filling pressure. Any-
thing that decreases the negative filling pres-
sure reduces blood return to the heart (preload), 
lowers cardiac output, and may result in hypo-
tension and shock. Conversely, anything that 
enhances the negative filling pressure increases 
preload and cardiac output and lowers ICP, 
offering a potential treatment for cardiac arrest 
and shock.

IPR does just that. By enhancing negative 
intrathoracic pressure, IPR has been shown 
in multiple studies to increase preload, lower 
ICP and increase blood flow to the brain. The 
potential of this therapy is significant, and early 
results look promising.

Current IPR Delivery  
Mechanisms & Results
Currently, IPR is delivered through impedance 
threshold devices (ITDs), which improve cir-
culation in patients in cardiac arrest or shock. 
Studies from EMS agencies in Toledo, Ohio, 
and San Antonio, Texas, have shown that, 
when used in hypotensive patients, the ITD is 
well tolerated and can also increase blood pres-
sure by up to 30%, while still allowing for per-
missive hypotension in traumatically injured 

A s discussed in other articles in this sup-
plement, Intrathoracic Pressure Reg-
ulation (IPR) is a novel therapy that 
leverages our natural physiology to 

increase perfusion in hypotensive patients and 
shows promise for improving outcomes for 
multiple etiologies. In this summary, I’ll briefly 
review how IPR works, results with current 
delivery methods and then discuss the future 
applications of this exciting therapy.

How IPR Works
The heart and lungs work together to create 
negative intrathoracic pressure (a vacuum), 
which aids in filling the heart. When we inhale, 
the diaphragm moves downward and the inter-
costal muscles cause the rib cage to expand, 
making the thoracic cavity larger.

The enlargement of the chest makes the pres-
sure within the chest more negative, drawing air 
in and pulling some blood back to the heart, 
filling it to create cardiac output on the next 
contraction. This negative pressure also helps 
to lower intracranial pressure (ICP), making it 
easier to get blood flow to the brain.

Maintenance of negative filling pressure is 
essential to maintaining cardiac output. Recall 
that:

Blood Pressure =  
Cardiac Output x Peripheral Vascular Resistance

Overall perfomance score category comparing SNPeCPR to standard CPR8

Figure 1 shows results from a pre-clinical study in a porcine model by Schultz et al comparing outcomes in 
animals receiving standard CPR vs. subjects receiving SNPeCPR or “Snappy CPR”, which includes ACD-CPR 
with an ITD (eCPR) and sodium nitroprusside (SNP), a vasodilator.
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ACD-CPR/ITD combination opens the door to 
new ways to improve outcomes, even in patients 
with prolonged downtimes or resuscitation efforts. 
Let’s take a look at a few of those approaches. 

Sodium nitroprusside, aka “Snappy” CPR: 
Shultz and colleagues have studied the use of 
sodium nitroprusside (SNP) during enhanced 
CPR (eCPR) in a porcine model.6 SNP is a potent 
vasodilator that could be detrimental if given 
when circulation is poor, but when used with 
eCPR (ACD-CPR/ITD), this device/drug combi-
nation (SNPeCPR, or “Snappy CPR”) dramatically 
improves circulation and short-term outcomes. 

Studies have shown that in porcine mod-
els with extended downtimes (15 minutes of 
untreated v fib), animals receiving SNPeCPR had 
significantly improved 24-hour survival, better 
neurologic function and less post-resuscitation 
left ventricular dysfunction compared to animals 
receiving  standard CPR.8 (See Figure 1, p. 15.)

“Stutter” CPR: A newly identified concern in 
the treatment of cardiac arrest is that the sud-
den influx of blood from CPR, following min-
utes without flow, can lead to reperfusion injury. 
Reperfusion is a recognized issue following organ 
transplantation; as a result, blood is gradually 
reintroduced to the new organ, allowing it time 
to get acclimated to a state of better perfusion. 
Reperfusion may also be a problem in cardiac 
arrests, particularly those with longer downtimes.

patients. Contrary to fluids, the device appears 
to enhance blood flow, not just pressure.1,2

Dozens of animal and clinical studies have 
been conducted on the ITD in CPR showing en-
hanced blood flow to the heart and brain.3  

In addition, studies have shown that when 
ACD-CPR is performed in combination with an 
ITD, it further enhances negative intrathoracic 
pressure, resulting in near-normal blood flow 
circulation to the heart and brain.4–6 The com-
bination of ACD-CPR with an ITD was com-
pared to conventional standard CPR alone in 
the ResQTrial, a National Institutes of Health-
funded, multi-center, randomized, controlled 
trial, the results of which were published in 
2011 in The Lancet.7

Overall survival to one year with standard 
CPR was near the national average of 5.9%; but 
with the ACD-CPR/ITD combination, survival 
improved 49% to 8.8% in adult patients with 
non-traumatic arrest of cardiac etiology. This 
data supports the concept that enhancing nega-
tive intrathoracic pressure improves perfusion 
and survival. 

The Foundation for Innovative  
Approaches to Treating Cardiac Arrest 
Enhanced blood flow improves perfusion and 
provides a more effective way to circulate drugs 
and deliver therapeutic hypothermia. Thus, the 

24-hour cerebral performance category score

Figure 2 illustrates survival from a pre-clinical study in a porcine model by Yannopoulos et al comparing 4 
CPR methods:10 1) standard CPR (S-CPR); 2) ACD-CPR + ITD + sodium nitroprusside (SNPeCPR); 3) SNPeCPR 
+ adenosine; and 4) Controlled pauses (CP) with SNPeCPR (CP-SNPeCPR) + adenosine, to assess outcomes.

Note: * ¶ § Mean statistically significant difference compared to standard CPR, SNPeCPR and SNPeCPR + adenosine respectively.
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to the long-held tenet that all interruptions in 
CPR are harmful. It may be that in specific cases, 
controlled pauses at strategic times could actually 
be immensely helpful.

Adenosine: Other fascinating research is being 
conducted to determine whether uncommon 
resuscitation drugs and anesthetic gases may 
provide cardio- and neuro-protection during 
and after cardiac arrest. One such animal study 
looked at the impact of adenosine, a drug known 

To assess whether cardiac arrest victims would 
benefit from a more gradual reintroduction of 
blood flow, Yannopoulos and colleagues used 
SNPeCPR (ACD-CPR/ITD and SNP) with inten-
tional 20-second pauses during the first few min-
utes of CPR in pigs. Results showed a significant 
decrease in reperfusion injury and a significant 
increase in functional neurologic recovery com-
pared to standard CPR.9 

This “stutter” CPR approach is in stark contrast 

Table angle and devices tested in “head up” CPR

Figure 3 shows how “head up” CPR involves raising the body to a 30 degree angle and performing 
automated CPR and an ITD.
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the upper body was elevated to 30 degrees com-
pared to when the body was supine (0 degrees) 
during CPR.11 (See Figure 3, p. 17.) 

Use of the ITD appears to work synergisti-
cally with gravity to improve hemodynamics. 
During chest compression, use of an ITD with 
automated CPR appears to improve cardiac 
output in conjunction with the 30-degree eleva-
tion. Automated chest decompression, gravity 
and use of the ITD help to lower ICP, result-
ing in reduced resistance to forward blood 
flow and better blood flow to the heart and 
brain.11 (See Figure 4.) Although more research 
is required to better understand the synergies 
of the devices with gravity, initial results show 
“head up” CPR could become a simple BLS 
technique to improve neurologic outcomes 
from cardiac arrest. 

The bottom line: Early research is clearly 
challenging long-standing beliefs about the 
treatment of cardiac arrest. We’ll need to keep 
our “heads up” and stay tuned to upcoming 
clinical trials of these device, drug and gravity 
combinations.

Future Technologies & Applications
So what’s next for IPR? We know the efficacy of 
an ITD is dependent upon the quality of CPR or 
the way a patient breathes through it. In addi-
tion, its therapeutic effect is only present dur-
ing inhalation or chest compressions. Studies 
of a device that actively delivers ongoing IPR 

to improve coronary blood flow but typically 
only used in EMS for the treatment of arrhyth-
mias. The study compared outcomes in four 
groups of animals receiving treatment following 
15 minutes of v fib: 

1. Standard CPR
2. SNPeCPR
3. SNPeCPR + adenosine
4.  SNPeCPR + adenosine with controlled 

pauses (“stutter” CPR)
The results were striking, as you can see in 

Figure 2 (p. 16).10

“Head-up” CPR: Patients in cardiac arrest 
sometimes need to be tipped head-up or feet-
up to be transported down stairs or in eleva-
tors. Investigators studying the impact of body 
position on cerebral circulation during car-
diac arrest hypothesized that when a patient is 
treated in a head-up position, blood will need 
to flow against gravity and cerebral perfusion 
will be compromised. 

One of the most exciting findings is that the 
use of the ITD with automated CPR (LUCAS 2 
from Physio-Control) actually enhances venous 
return, cardiac output and cerebral perfusion 
during “head-up” CPR. Debaty and colleagues 
compared coronary and cerebral perfusion 
pressures in animals receiving CPR with a 
LUCAS 2 chest compression device and ITD in 
three positions: 30 degrees head down, supine, 
and 30 degrees head up. They found cerebral 
perfusion pressure was nearly doubled when 

Relationship between body position and CPP and CePP

Figure 4: In a study by Debaty et al, the 30 degree head up angle showed significant improvements in both 
coronary (CPP) and cerebral perfusion pressures (CePP).11
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therapy, even if the patient is not breathing or 
undergoing chest compressions, are ongoing 
and results again look compelling.

A device still in studies, an intrathoracic pres-
sure regulator (CirQLATOR from Advanced 
Circulatory), combines a continuous vacuum 
source and a pressure regulator with a means 
to provide intermittent positive pressure ven-
tilation, resulting in a device that creates a 
controlled, ongoing therapeutic vacuum in 
between ventilations. In a clinical study of 
this device in cardiac arrest patients in Toledo, 
Ohio, patients who received the CirQLATOR 
exhibited significantly higher end tidal car-
bon dioxide levels than patients with the ITD 
alone.12 This technology may also be applicable 
to hypotensive patients who are not spontane-
ously breathing.

Another area of development for IPR: 
head injuries. Studies have shown IPR not 
only enhances circulation, it lowers ICP and 
increases cerebral perfusion pressure.13 The 
ability to do this noninvasively has naturally 
attracted the attention of neurologists inter-
ested in using the therapy in patients with head 
injuries or other cerebral insult. Solutions avail-
able today to lower ICP are invasive and have 
associated risks. In the future, it’s possible IPR 
therapy could be applied not only in the criti-
cal care setting, but also at the point of injury 
with the ResQGARD or CirQLATOR. A study 
to assess the impact of IPR with the CirQLA-
TOR device on patients in the ICU with brain 
injury is currently underway.

Summary
Scientific advances are bringing new revela-
tions to the management of critical conditions 
such as cardiac arrest and shock. Harnessing 
the mechanics of IPR and understanding their 
effect is resulting in improvements in cardiac 
resuscitation and therapy for hypotension 
in both hemorrhage and non-trauma shock 
states. Perfusion is improving. Our under-
standing of the relationship of IPR and cere-
bral perfusion is also expanding. Therapies 
that can improve forward flow and perfusion 
of vital organs are being utilized by BLS per-
sonnel. Noninvasive bridging tools that cap-
ture the benefit of IPR hold further potential 
to improve hemodynamics. 

In the years to come, these and other insights 
gained through careful research will allow med-
ical providers the world over to find new oppor-
tunities to save thousands of lives that would 
otherwise have been lost. ✚
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A Critical 
Bridge

Impedance threshold  
devices enhance  

blood flow in  
hypotensive patients

H ypotension is a common clinical prob-
lem that has plagued individuals suffer-
ing from reduced central blood volume, 
such as hemorrhage due to trauma, car-

diovascular failure, infection, dehydration and 
anaphylaxis. Although each process affects the 
cardiovascular system somewhat differently, 
untreated hypotension from any cause can 
quickly result in irreversible shock. 

In the trauma patient, shock resulting from 
low-circulating blood volume often results in 
poor outcomes. Fluid administration has tradi-
tionally been the therapy of choice for the hypo-
tensive patient, but crystalloid infusion is not 
necessarily benign.1,2 

Difficult vascular access, hemodilution, aci-
dosis (which results in decreased oxygen-car-
rying capacity) and loss of clotting factors 
continue to be problematic in the poorly per-
fused patient.3 Optimizing cardiac output 
and ultimately tissue perfusion in this patient 

population can provide a critical bridge during 
transport to definitive care.

Inspiratory Resistance
As discussed previously in this supplement, 
Intrathoracic Pressure Regulation (IPR) reduces 
intrathoracic pressure (the opposite of CPAP) 
during the inspiratory phase of ventilation in 
spontaneously breathing patients by creating 
inspiratory resistance.

This vacuum-generating effect in the thorax 
acts directly on the great vessels in the chest, 
and has been shown to enhance blood return 
from the capillary beds into the great vessels via 
the same vacuum mechanism with each breath.4 

Clinical and experimental evidence supports 
enhancing the intrathoracic vacuum with the 
intent to: 

1.  Improve hypotension secondary to severe 
blood loss, hemorrhagic shock and 
hypovolemia; 
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stages of shock.
Using this model, Convertino et al have been 

able to predict when a patient will begin to expe-
rience progressive reductions in central blood 
volume leading to hemodynamic decompensa-
tion; i.e., a precipitous decrease in systolic blood 
pressure < 90 mmHg concurrent with the onset 
of pre-syncopal symptoms such as bradycardia, 
gray-out (loss of color vision), tunnel vision, 
sweating, nausea or dizziness.8

Interestingly, with repeated exposures to 
LBNP, the healthy volunteer would cycle 
through the stages of decompensation con-
sistently until placement of the ITD. An ITD 
contributed to the delay in symptoms of syn-
cope, as compared to those with a sham ITD 
device in patients subjected to progressive 
simulated hemorrhage.9 

One of the first clinical studies of the ITD 
came from the Hennepin County (Minn.) Med-
ical Center Department of Emergency Medi-
cine.10 This was a double-blinded, randomized, 
controlled trial using either a real or sham ITD 
device on patients who presented to the ED 
hypotensive, or developed hypotension during 
the ED visit. 

2.  Relieve the adverse clinical effects of ortho-
static hypotension and hypotension sec-
ondary to vasovagal syncope, dehydration 
and renal dialysis;

3.  Provide a treatment for right heart failure 
after myocardial infarction; and 

4.  Reduce intracranial pressure (ICP) for 
the treatment of secondary brain damage 
after head trauma and improve cerebral 
blood flow.5,6,7

Today, IPR Therapy is delivered through 
impedance threshold devices (ITDs). One ITD, 
the ResQGARD ITD 7, is a single-use valve that 
can be attached to a facemask or small mouth-
piece to treat spontaneously breathing patients. 

Clinical Studies on the ITD
The Institute for Surgical Research has developed 
an elegant mechanism to simulate hemorrhage 
in healthy adults. Using a machine that can pro-
duce lower body negative pressure (LBNP), the 
central blood volume can be displaced into the 
lower extremities. (See Figure 1.) This displace-
ment leaves the upper body in a simulated, yet 
physiologically precise, hypovolemic state. LBNP 
has been shown to be an effective model of the 

Figure 1: A lower body negative pressure chamber is used to simulate hemorrhage in healthy adults.
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sham group (6.5 mmHg). It took an average of 
6 minutes to obtain the maximal rise in sys-
tolic blood pressure. There was no difference in 
mean arterial pressure or diastolic blood pres-
sure. Also, the vast majority of patients toler-
ated the device well. (See Figure 2.)

Because this was a research study, the partici-
pants had to be alert enough to be able to pro-
vide informed consent, so many of the critically 
ill patients were not eligible to participate. Addi-
tionally, the cause of hypotension was highly 
variable across the study, and it is unknown if 
the use of the device reduced hospital stays or 
improved the patients’ final outcome. 

A case series of ITD use for treating hypoten-
sive patients in a prehospital EMS setting was 
recently published in the Journal of Trauma Acute 
Care Surgery.11 This report provided informa-
tion on the use of the ITD in clinical practice 
by paramedics with Lucas County EMS (Ohio), 
Cypress Creek EMS (Texas), and Empress EMS 
(N.Y.). Patients with traumatic and non-trau-
matic blood loss were included.

To ensure standardization of the prospective 
data collection method (e.g., vital signs, ques-
tions regarding tolerance and mental status) 
between sites, all participating EMS person-
nel were trained by the same instructor, and all 
hemodynamic data were extracted from EMS 
run reports, including recordings of various 
physiological parameters before, during and 
after ITD use. 

During the study period, the three EMS agen-
cies used the ITD on 255 patients, including 26 
who were hypotensive secondary to non-trau-
matic blood loss, and 13 patients who were 
classified as trauma patients. Mean blood pres-
sure, recorded before and after ITD placement, 
improved from 78/47 to 111/65 mmHg, and 
was statistically and clinically significant. There 
were no significant changes to heart rate, respi-
ratory rate or blood oxygen saturation.

In the blood loss group, blood pressure 
changes were similar. Before ITD application, 
the trauma patient’s average blood pressure was 
79/48, and then increased to 110/66 following 
ITD use. No significant changes were observed 
in other vital signs. (See Figure 3, p. 22.)

The strengths of this report were that it 
focused on a patient population that was able 
to be divided into groups with hypotension due 
to blood loss, and a group with hypotension 
from other than blood loss (i.e., sepsis). Both 
groups had similar initial blood pressures and 
showed similar increases in blood pressure after 
application of the ITD. 

Spontaneously breathing adults with hypo-
tension and a normal mental status were 
enrolled. Patients were excluded if they had 
evidence of a myocardial infarction, stroke, 
dilated cardiomyopathy, CHF, pulmonary 
hypertension, shortness of breath, face or chest 
trauma, pneumothorax, atrial fibrillation with 
rapid ventricular response, or if the patient 
was pregnant. 

The treating physician placed either a real or 
sham ITD on the patient for 10 minutes, then 
monitored vital signs and assessed how well 
the patient tolerated the device. They enrolled 
47 subjects; 23 received a sham device and 24 
received an active ITD. 

The results of the study demonstrated signifi-
cantly higher systolic blood pressure increases 
in the active ITD group (13 mmHg) versus the 

Results of a pre-hospital study of the ResQGARD 
ITD in hypotensive patients14

Figure 3: In a multicenter, prehospital hospital study of the 
ITD (ResQGARD from Advanced Circulatory) of 255 hypotensive 
patients, mean blood pressure recorded before and after placement 
of the ITD showed a significant increase when the ITD was placed.  
Results were similar in a subgroup of 26 patients who were 
hypotensive due to blood loss.
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was reinforced by a video (www.youtube.com/
watch?v=kg2e_agYyBo) and an 8.5” x 11” lam-
inated visual reminder that was posted inside 
the ambulance. 

Similar to the study described in the previ-
ous section, hypotension from all causes was 
included, as well as exclusion criteria (e.g., 
pulmonary edema, respiratory distressed or 
“air starved,” and the inability to maintain 
an airway). 

Primary outcomes were the net change in sys-
tolic, diastolic and mean arterial blood pres-
sures. Secondary outcomes sought to identify 
frequency of ITD use within the EMS system, 
patient tolerance and patient comfort. The 
trauma subset was isolated, and primary and 
secondary outcomes were determined as well. 
The intended enrollment was 200 patients 
within 12 months.

Within the first six months of ITD deploy-
ment, all 200 approved subjects were enrolled. 
Thirty-two patients were excluded because of 
incomplete documentation. Of the 168 patients 
analyzed, 26 (15%) were trauma patients. Blood 
pressure changes for this study were similar to 
those described in the previous EMS study. 

A mean initial blood pressure before ITD was 
78/51 mmHg, with a pulse of 86 and respira-
tions of 18. After ITD, mean blood pressure val-
ues rose to 97/63 mmHg, while the pulse and 
respiratory rates remained similar at 85 and 
18 respectively. This represented a change in 
systolic blood pressure that was both statisti-
cally and clinically significant, but no change in 
other measured physiological parameters. 

During the course of patient care, the patient’s 
clinical picture improved. One of the compo-
nents of treatment included the ITD, but this 
treatment was not performed in absence of 
other therapy. Positioning, intravascular fluids, 
movement and physical stimulus by EMS inter-
action may have also contributed to improve-
ment of the clinical condition of the patient. 

One limitation of this study: No data was col-
lected on injury severity of the trauma patients, 
or of the patients’ final outcomes. There were 
no data collected to support the notion that 
increasing blood pressure of a trauma patient 
with unknown or uncontrolled hemorrhage 
could potentially worsen the outcome. Addi-
tional studies are ongoing. 

The San Antonio Experience
The San Antonio Fire Department Emergency 
Medical Services, in partnership with the Uni-
versity of Texas Health Science Center at San 
Antonio Department of Emergency Health 
Science Center, and the U.S. Army Institute 
for Surgical Research, conducted a study on 
the deployment of the ITD in a large urban 
EMS setting.12 

In this study, more than 740 paramedics 
were trained in the use of the ResQGARD 
ITD, and patients were enrolled in the study if 
they were identified by paramedics as having a 
SBP < 90 mmHg. 

Each paramedic in the system received 30–45 
minutes of training that included patient inclu-
sion and exclusion criteria, use of the device 
and human subject protection. This training 

Patient tolerance

Figure 2: The ResQGARD ITD 7 was well tolerated 
by patients in the San Antonio study. Patient using ResQGARD ITD 7 on a facemask.
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with the University of Texas Health Science Center at 
San Antonio’s Department of Emergency Health Sci-
ences. Disclosure: Dr. Manifold serves as a consultant 
and advisor for Advanced Circulatory.

DOD Disclaimer: The opinions or assertions 
contained herein are the private views of the au-
thors and are not to be construed as official or as 
reflecting the views of the Department of the Army 
or the Department of Defense.
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Specifically, the trauma subset demonstrated 
an increase in blood pressure from 79/55 to 
101/70 mmHg without a statistically signifi-
cant change in mean heart rate or respiratory 
rate. (See Figure 3, p. 22.) Eighty-four percent 
of the patients receiving ITD Therapy reported 
moderate to easy tolerance of the device. 

Strengths of this study included examina-
tion of consecutive patients treated with the 
ITD for hypotension, no observed or reported 
adverse events, and successful implementa-
tion of a permissive hypotensive resuscitation 
effect. A limitation was that the ITD Therapy 
was concurrent with other standard therapy so 
the change in blood pressure cannot be solely 
attributed to the ITD. 

Conclusions
Enhanced negative intrathoracic pressure dur-
ing spontaneous inspiration has been rec-
ognized for more than 50 years as a natural 
mechanism for enhancing venous return and 
cardiac filling. Taking advantage of these fun-
damental relationships between respiratory, 
cardiovascular and cerebrovascular physiolo-
gies, it’s possible to harness natural physiologic 
processes to create a greater vacuum within the 
thorax during each spontaneous inspiration, 
and consequently to enhance venous return and 
preload to the heart. 

ITD application may become a powerful clini-
cal tool to enhance circulation during hypoten-
sive crises secondary to central hypovolemia, 
particularly in austere environments where 
resuscitation fluids may not be readily available 
(e.g., combat medicine) or access to the patient 
is limited (e.g., patient entrapment).

What makes the ITD attractive is that it’s small 
and lightweight, can be administered by BLS pro-
viders, is reversible and will not result in hemo-
dilution. Even if these effects are temporary, the 
ITD may provide a sufficient bridge therapy for 
trauma or medical scenarios until patients can 
receive advanced or definitive care. ✚
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The generally cleared indication for impedance threshold devices available for sale in the United States is for a temporary increase in blood 
circulation during emergency care, hospital, clinical and home use. Research is ongoing in the United States to evaluate the long-term benefit of 
ITDs for specific indications. The studies listed here are not intended to imply specific outcomes-based claims not yet cleared by the US FDA. 
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1 In a study of 22 patients undergoing CPR, systolic BP rose 98% (p<0.01) and diastolic blood pressure rose 25% (p=NS). Pirrallo et al. Resuscitation 2005;66:13-20.
2  Lurie KG et al. Chest 1998;113(4):1084-1090.

  Studies available upon request. The generally cleared indication for the ResQPOD ITD available for sale in the United States (US) is for a temporary increase in blood circulation during    
  emergency care, hospital, clinic, and home use. Research is ongoing in the US to evaluate the long-term benefit of the ResQPOD for other specific indications. The studies referenced here 
  are not intended to imply specific outcomes-based claims not yet cleared by the US FDA.

Pre-clinical studies show that use of the ITD during 

CPR results in 50% more blood flow to the brain.2 
(Note: pre-clinical data may not indicate clinical results.)




