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Figures 1a and 1b. Hemodynamic tracings from a pig study. Tracings in Figure 1a are from a pig in cardiac arrest treated with automated CPR and an ITD in the supine position and
then in a whole-body 30-degree head down tilt position.1 Tracings in Figure 1b are from the same pig used in Figure 1a. As shown in the Figure 1b tracings, the pig in cardiac arrest
was treated with automated CPR and an ITD in the supine position and then placed in a whole-body 30-degree head up tilt position. The position sequence of CPR for the pig used to
generate Figure 1a and 1b was supine, head down for several minutes, supine for several minutes, and then head up. As shown, the ICP is elevated in the supine position in Figure 1b
as it did not return to normal after the head down position CPR. Only with head up tilt position was there a renormalization of ICP. (Photos and Figures: AdvancedCPR Solutions).
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quite clearly that HUP CPR does not work
with C-CPR, since C-CPR cannot generate
an adequate MAP during elevation. 2,11 At
a minimum, an ITD is needed to maintain
the MAP, and the best hemodynamics are
observed preclinically with ACD+ITD CPR.5

Is This Ready for
Prime Time?
As we move forward into implementing
the HUP CPR approach into humans, it is
important to realize HUP CPR alone is not
the major breakthrough. Improvements in
outcomes with this new approach depend
on the rapid deployment of the full HUP
CPR bundle, including use of automated
CPR or ACD CPR with an ITD and HUP CPR
implemented with an initial priming period
in a relatively flat position, with gradual

Figure 2. Cerebral perfusion pressure is shown on the Y axis. The effects of conventional flat CPR (purple),
impedance threshold device (ITD) plus active compression decompression (ACD) CPR flat (red), and the bundle
of ACD+ITD CPR plus device-assisted controlled head/thorax elevation (yellow) are shown over time (X axis).

elevation over a period of 2 minutes.12,13
These interventions, when applied rapidly,
work together synergistically to improve
perfusion during CPR with the potential to
improve outcomes.
So, is HUP CPR ready for prime time? As
the number of clinical uses of this properly
bundled approach has begun to increase
nationwide in multiple EMS systems, multiple extraordinary anecdotes have begun
to accumulate. One remarkable save was
captured in its entirety on airport surveillance cameras in Minneapolis. The incident involved a 60-year-old man walking
by several concourse shops who suddenly
collapsed. Airport police and fire services
were observed delivering high-quality
CPR and applying an automated defibrillator (AED). They delivered 5 defibrillation
attempts before advanced life support
(ALS) teams arrived with an automated
HUP CPR device (the EleGARD™ Patient
Positioning System). Implemented along
with an ITD (ResQPOD-16®) and manual
ACD CPR (ResQPUMP®), and later an
automated CPR device (LUCAS®), the man
finally had sustained return of spontaneous circulation (ROSC) after a full half-hour
of CPR and multiple more defibrillation
attempts. A short time later, he received
a stent for a "widow-maker" lesion in his
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Figure 3. Two first responders from the Richfield Fire Department in Richfield, Minnesota, demonstrate
"Carry Less, Do More"." They are shown carrying the essential items of the head-up and chest-up position (HUP) CPR
Bundle needed to begin resuscitating a patient.
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left anterior descending coronary artery, an arterial obstruction that commonly results in death. A
compelling video of this resuscitation is available at
https://www.youtube.com/watch?v=JTweAwNPna
g&feature=youtu.be
One critical concept in implementing the HUP
CPR bundle was discovered after reviewing the individual cardiac arrest case of the fire chief of Richfield,
Minnesota. The chief collapsed in his kitchen and
received bystander CPR within minutes by a witness. Upon arrival of dual-trained firefighter and
paramedic providers from Edina, Minnesota, 3-4
minutes later, he received high-quality manual CPR
and was given an initial defibrillation attempt. As
this was not successful, he received a supraglottic
airway (igel®), the automated HUP CPR device (the
EleGARD™ Patient Positioning System), and automated CPR (LUCAS®) with an impedance threshold device (ResQPOD-16®), all within 3 minutes of
first responder arrival on scene. After another failed
shock for ventricular fibrillation (VF), treatment for
the bundle was continued for about 10 minutes
while epinephrine and amiodarone were delivered
intraosseously. He had a return of spontaneous circulation after approximately 9 minutes of the HUP
CPR bundle, but minutes later developed ventricular
fibrillation again. Incredibly, the chief remembers his

ResQPump

third and final shock and specific words spoken by
the paramedics during resuscitation. He remained

EleGARD
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cover

conscious thereafter.
During a subsequent debriefing session with the
providers who first responded to this cardiac arrest,

BVM

they revealed their motto: "Carry Less, Do More." (Figure 3). The rationale behind this is that the cardiac
arrest bundled approach should be efficient as pos-

ITD

sible to rapidly deploy resuscitation.
Initially, a first wave of supplies are brought to
the patient with two backpacks and an AED with
the goal of providing high-quality basic life support
(BLS) care. One backpack contains an automated
HUP CPR device (the EleGARD™ Patient Positioning
System), a supraglottic airway (igel® size 4), an ITD
(ResQPOD-16®), and HEPA filter with a bag valve

Tube Holder
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Airway
HEPA Filter
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mask (Figure 4).
The other backpack contains an automated CPR
device (LUCAS®) and additional supraglottic airway sizes (igel® sizes 3 and 5). The remaining ALS
supplies and oxygen are brought to the patient
by the next arriving units or by sending a police
officer to assist.
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Figure 4. Packaging of the Basic Life Support Head Up CPR Bundle. First responders have all the devices they
need to start head-up and chest-up position (HUP) CPR within minutes upon their arrival at the patient's side.
These devices are described in the text.
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This method eliminates the process

less than 10 minutes, as in Sites 1, 2 and

of loading up a stretcher, removing it

3, ROSC rates were over 45%. When the

from the response vehicle, and navi-

time from 9-1-1 call to HUP CPR device

gating the remaining distance to the

placement was delayed, as in Sites 5

patient. Speed to the patient's side and

and 6, ROSC rates were much lower. It is

starting the bundle of care is the goal.

anticipated that longer-term outcomes

ALS care begins only after these initial

from this evaluation will be published

actions have been completed.

later this year.

Putting It Into Practice

ROSC decreased by 6.9% for each

For all rhythms, the probability of
Going forward, rapid deployment and

minute delay from 9-1-1 call to HUP

proper application of the Head Up CPR

CPR device placement and in subjects

bundle is needed to optimize improved

with shockable rhythms the probability

outcomes. Rescuer personnel who are

of ROSC decreased by 7.3% for each

able to arrive rapidly on scene are ide-

minute delay from 9-1-1 call to HUP

ally positioned to deliver this bundle. It's

CPR device placement. Further analy-

simply not the bundle of interventions

sis showed that when HUP CPR was

but how they are used and how fast

started in <10 minutes after the 9-1-1

they can be implemented that makes

call that ROSC rates were high for all

the difference.

It's not simply the bundle of
interventions but how they
are used and how fast they
can be implemented that makes
the difference.

Multiple EMS systems across the
U.S. have started to adopt this exciting advance, but it's critically important
to quickly and appropriately perform all
synergistic steps of the Head Up CPR
bundle and to do so correctly. Based
upon the Edina case, we realized a
better way to translate what was previously observed in the animal lab to

Figure 5 shows the effect of time to the Head Up Position (HUP) Device
(Y axis on the right) and Return of Spontaneous Circulation (ROSC) (Y
axis on the left) for 6 different EMS Systems that deployed the HUP CPR
Bundle. The longer the time to placement of the patient on the HUP CPR
device, the lower the ROSC rate on a site by site basis.

the patient's side. Subsequently, we
examined the probability of ROSC on
the time from 9-1-1 to Head Up CPR
device placement as a surrogate for
the effectiveness of rapid delivery of the
whole HUP CPR Bundle.
These results, presented as abstracts
at the Resuscitation Science Symposium of the American Heart Association in November 202012 and National
Association of EMS Physicians in January 2021, are based on prospective
observational data from a HUP CPR
registry with 227 patients in 6 different
U.S. cities. These data provided the first
insight into the tremendous potential of
HUP CPR and the importance of time to
HUP CPR device placement. As shown
in Figure 5, when the time from the 9-1-1
call to HUP CPR device placement was
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Figure 6. The likelihood of Return of Spontaneous Circulation (ROSC) (Y axis) is plotted versus time intervals to placement of
patients on the head up and chest up position (HUP) CPR device (X axis) for all subjects. Data are from the National Institute
of Health Resuscitation Outcomes Consortium (ROC) PRIMED study14 and the HUP CPR Registry, described in the text.
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rhythms at 59% (30/51), and those with
shockable rhythms at 92% (12/13). A total
of 38/227 patients presented with a shockable rhythm and 31/38 had at least one
shock before HUP CPR device placement,
suggesting AED placement and use was
not delayed when using the HUP CPR
bundle.
Compared with data from previous large
clinical trials, such as the ROC PRIMED14
study, ROSC rates were significantly higher

Multiple EMS systems have
started to adopt this exciting
advance, but it's important
to quickly and appropriately
perform all synergistic steps
of the bundle.

with the HUP CPR bundle than in these
comparison studies within 10 minutes of

 Rescuers should apply an AED within

the initial 9-1-1 call (Figure 6). The probabil-

3 minutes of arrival and electronic cardiac

ity of ROSC remained significantly higher

monitor pads should be placed prior to

for the HUP CPR bundle group compared

placement of the automated CPR device.

to the ROC PRIMED group in a multivariable

 When deploying the automated CPR

logistic regression model accounting for age,

device, there should be <6 second inter-

sex, witnessed arrest, and bystander CPR.

ruption in chest compressions.

While this time-dependency observa-

 EMS rescuers should stay on scene

tion seems intuitively obvious and very

and continue CPR at least 15 minutes

similar to other time-sensitive emergen-

after full head and thorax elevation are

cies such as the concept of time to defibril-

accomplished unless special protocols

lation, the tactic of facilitating rapid inter-

dictate earlier transport (e.g. refractory

vention was the truly pivotal observation.

ventricular fibrillation with stand-by invasive interventions such as extracorporeal

Takeaways for EMS Systems

membrane oxygenation (ECMO) that may

Overall, the sequence for the HUP CPR

be available at a nearby hospital).

bundle can be described by employing
these key tenets:

While the overall numbers of patients
treated with the Head Up CPR bundle are

 As soon as first responders arrive

still relatively low, preclinical studies and

on-scene, they should immediately start

initial human subject experience are prom-

high-quality chest compressions with a

ising. With adherence to the above recom-

30:2 compression-to-ventilation ratio with

mendations, we strongly believe improved

accompanying use of an ACD CPR device

patient outcomes can be consistently

preferred if available.

observed in the prehospital setting.

 The automated HUP CPR device
should be placed under the patient as
soon as possible, ideally within 3 minutes
after arrival at the patient's side and with
less than a 6-second interruption in chest
compressions during placement.
 Rescuers should rapidly place an ITD16 and use either a 2-handed facemask
technique or advanced airway.
 The circulatory system should be
primed for 2 minutes in the lowest position
of the Head Up CPR device before pressing
the elevation button which, over the next
two minutes, elevates the head and thorax
further to the maximum preferred height.
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®

is about more than just
raising the patient’s head.

The EleGARD™ Patient Positioning System
The EleGARD System is the only device that precisely and consistently
positions patients into a multi-level elevation and could support the
practice of the ElevatedCPR method.1
1 Pepe, et al., Critical Care Medicine, 2019

®

Learn more about the EleGARD Patient
Positioning System and the ElevatedCPR
method at ElevatedCPR.com.

The EleGARD Patient Positioning System (EleGARD) is a cardiopulmonary board which may elevate a patient’s head and thorax: including during
airway management; during manual CPR, manual CPR adjuncts, CPR with the LUCAS® Chest Compression System; and patient transport.
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