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Abstract

Objective—To improve the likelihood for survival with favorable neurologic function after
cardiac arrest, we assessed a new advanced life support approach using active compression-
decompression cardiopulmonary resuscitation plus an intrathoracic pressure regulator.

Design—~Prospective animal investigation.
Setting—Animal laboratory.
Subjects—Female farm pigs (7= 25) (39 £ 3 kg).

Interventions—~Protocol A: After 12 minutes of untreated ventricular fibrillation, 18 pigs were
randomized to group A—3 minutes of basic life support with standard cardiopulmonary
resuscitation, defibrillation, and if needed 2 minutes of advanced life support with standard
cardiopulmonary resuscitation; group B—3 minutes of basic life support with standard
cardiopulmonary resuscitation, defibrillation, and if needed 2 minutes of advanced life support
with active compression-decompression plus intrathoracic pressure regulator; and group C—3
minutes of basic life support with active compression-decompression cardiopulmonary
resuscitation plus an impedance threshold device, defibrillation, and if needed 2 minutes of
advanced life support with active compression-decompression plus intrathoracic pressure
regulator. Advanced life support always included 1V epinephrine (0.05 ug/kg). The primary
endpoint was the 24-hour Cerebral Performance Category score. Protocol B: Myocardial and
cerebral blood flow were measured in seven pigs before ventricular fibrillation and then following
6 minutes of untreated ventricular fibrillation during sequential 5 minutes treatments with active
compression-decompression plus impedance threshold device, active compression-decompression
plus intrathoracic pressure regulator, and active compression-decompression plus intrathoracic
pressure regulator plus epinephrine.

Measurements and Main Results—Protocol A: One of six pigs survived for 24 hours in
group A versus six of six in groups B and C (p= 0.002) and Cerebral Performance Category
scores were 4.7 £ 0.8, 1.7 £ 0.8, and 1.0 + 0, respectively (p= 0.001). Protocol B: Brain blood
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flow was significantly higher with active compression-decompression plus intrathoracic pressure
regulator compared with active compression-decompression plus impedance threshold device
(0.39 £ 0.23 vs 0.27 £ 0.14 mL/min/g; p= 0.03), whereas differences in myocardial perfusion
were not statistically significant (0.65 £ 0.81 vs 0.42 £+ 0.36 mL/min/g; p=0.23). Brain and
myocardial blood flow with active compression-decompression plus intrathoracic pressure
regulator plus epinephrine were significantly increased versus active compression-decompression
plus impedance threshold device (0.40 £ 0.22 and 0.84 + 0.60 mL/min/g; p= 0.02 for both).

Conclusion—Advanced life support with active compression-decompression plus intrathoracic
pressure regulator significantly improved cerebral perfusion and 24-hour survival with favorable

neurologic function. These findings support further evaluation of this new advanced life support

methodology in humans.

Keywords

active compression-decompression; cardiac arrest; cardiopulmonary resuscitation; impedance
threshold device; intrathoracic pressure regulation; left ventricular function; neurologic function

When optimally performed, blood flow to the heart and brain generated by manual closed
chest compressions or standard cardiopulmonary resuscitation (CPR) is less than 30% of
normal (1-3). Consequently, pharmacological therapy during advanced life support (ALS),
including use of vasopressor agents like epinephring, is often used to increase blood
pressure, but despite such efforts, outcomes remain poor (4, 5). Fresh approaches to ALS are
needed.

Several new physiological methods have been developed to augment circulation during CPR
including the combination of active compression-decompression (ACD) CPR device plus an
impedance threshold device (ITD) (6, 7) and an intrathoracic pressure regulator (ITPR) (8,
9); both provide intrathoracic pressure regulation therapy. These devices lower intrathoracic
pressures during the decompression phase (ACD-ITD) or continuously (ITPR) during CPR
after each positive pressure ventilation thereby augmenting the refilling of the heart after
each compression. They also help to reduce intracranial pressure (ICP) and thus reduce
resistance to forward cerebral blood flow (9-11). ACD-ITD has been shown to significantly
increase survival with favorable neurologic function when compared with standard CPR in
animals and in patients with out-of-hospital cardiac arrest (OHCA) (12-15). Standard CPR +
ITPR has also been reported to increase circulation and short-term survival in pigs in cardiac
arrest and circulation, end-tidal CO, (ETCO5), and resuscitation rates in humans compared
with standard CPR (8, 9).

Based on previously identified mechanisms of action, the primary focus of this investigation
was to compare ALS with standard CPR alone versus ALS with ACD-CPR plus the ITPR
(ACD-ITPR). We hypothesized that the use of combination of ACD-ITPR in a porcine
model of prolonged untreated cardiac arrest would provide superior perfusion during ALS
and thereby increase survival with favorable neurologic function compared with standard
CPR alone. This is the first time that the combination of ACD-ITPR has been assessed
during cardiac arrest. In addition, we evaluated the potential benefit of ACD-ITPR as an
ALS rescue therapy when resuscitation was not possible with ALS using standard CPR.

Crit Care Med. Author manuscript; available in PMC 2016 May 07.
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This study was approved by the Institutional Animal Care Committee of the Minneapolis
Medical Research Foundation of Hennepin County Medical Center. All animal care was
compliant with the National Research Council’s 1996 Guidelines for the Care and Use of
Laboratory Animals. All studies were performed by a qualified, experienced research team
in York-shire female farm bred pigs weighing 39 + 3 kg. A certified and licensed
veterinarian assured the protocols were performed in accordance with the National Research
Council’s Guidelines.

Phase

The surgical preparation, anesthesia, data monitoring, and recording procedures used in this
study have been previously described (10, 16). Under aseptic surgical conditions, initial
sedation was achieved with intramuscular ketamine (10 mL of 100 mg/mL) followed by
inhaled isoflurane (0.8-1.2%). Pigs were intubated with a 7.0F endotracheal tube and then
ventilated with room air, using an anesthesia machine (Narkomed, Telford, PA), with a tidal
volume of 10 mL/kg and a respiratory rate adjusted to continually maintain a PaCO, of 40
mm Hg and PaO, of 80 mm Hg (blood oxygen saturation > 95%). Normothermia was
maintained with a warming blanket (Bair Hugger; Augustine Medical, Eden Prairie, MN).
Central aortic blood pressure was recorded continuously with a catheter (Mikro-Tip
Transducer; Millar Instruments, Houston, TX) in the descending thoracic aorta. Another
catheter was inserted into the right atrium. An ultrasound flow probe (Transonic 420 series
multichannel; Transonic Systems, Ithaca, NY) was used to quantify carotid blood flow (mL/
min). Animals were fasted overnight. They received up to 1,000 mL of normal saline
solution prior to the induction of ventricular fibrillation (VF) in order to maintain the mean
right atrial pressure between 3 and 5 mm Hg. Animals received an IV heparin bolus (100 U/
kg). Arterial blood gases (Gem 3000; Instrumentation Laboratory, Bedford, MA) were
obtained at baseline, 15, 30, 60, and 4 hours after return of spontaneous circulation (ROSC).
Electrocardiograms were continuously recorded. Hemodynamic data were continuously
monitored and recorded (BIOPAC MP 150; BIOPAC Systems, Goleta, CA). Coronary
perfusion pressure (CPP) was calculated as the difference between aortic and right atrial
pressures during the decompression phase. ETCO,, tidal volume, minute ventilation, and
blood oxygen saturation were continuously measured (COSMO Plus; Novametrix Medical
Systems, Wallingford, CT). ROSC was defined using the Utstein guidelines for uniform
reporting in animal research as maintenance of systolic pressure of more than or equal to 60
mm Hg for more than or equal to 10 consecutive minutes (17).

Experimental Protocol

Following the surgical preparation, VF was induced by delivering direct intracardiac current
via a temporary pacing wire. Standard CPR and ACD-CPR were performed with a
pneumatically driven automatic piston device (Pneumatic Compression Controller; Ambu
International, Glostrup, Denmark) as previously described (6). During standard CPR,
uninterrupted chest compressions were performed at a rate of 100 compressions/min, with a
50% duty cycle and a compression depth of 25% of the anteroposterior chest diameter. After
each compression, the chest wall was allowed to fully recoil passively. With ACD-CPR,

Crit Care Med. Author manuscript; available in PMC 2016 May 07.
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after each compression, the chest was actively pulled upward with suction cup attached to
the skin with a decompression force of ~20 Ibs (6, 18).

If basic life support (BLS) was unsuccessful, as defined as refractory VF or pulseless
electrical activity after three sequential shocks, then ACD-ITPR therapy was started
immediately. An ITPR device called the CirQLATOR (Advanced Circulatory Systems,
Roseville, MN) was used and has been described previously (9, 19, 20). This ITPR device
was connected to an endotracheal tube, a positive pressure ventilation source, and a
regulated vacuum source. It actively generates a subatmospheric pressure within the thorax
after each positive pressure ventilation. After each positive pressure breath (tidal volume of
~10 mL/kg and rate of 10 breaths/min) with a manual resuscitator bag, an internal
mechanical switch immediately closes within the CirQLATOR, providing a means to
actively withdraw respiratory gases at a pressure of —9 mm Hg relative to atmospheric
pressure during the entire expiratory phase. This device generates a continuous negative
pressure during the entire cycle between two positive pressure ventilations. By contrast, the
ITD provides a negative pressure only during the chest recoil or decompression phase of
CPR. The development of negative intrathoracic pressure during CPR with the ITD is
completely dependent on the recoil of the chest; this is not the case with the CirQLATOR.
As invasive ICP and cerebral perfusion measurements can adversely affect survival and
neurologic outcome, we used two protocols as described below.

Protocol A—Protocol A was used to assess differences in 24-hour neurologic function
based on the ALS. Following 12 minutes of untreated VF, 18 animals were randomized to
three groups: group A received BLS and ALS with standard CPR, group B received BLS
with standard CPR and ALS with ACD-ITPR, and group C received BLS with ACD-1TD
and ALS with ACD-ITPR (Fig. 1). We examined the new ALS method of ACD-ITPR with
group C, as some emergency medical services systems use ACD-1TD during BLS.

Post-ROSC care—After ROSC, animals were mechanically ventilated. The carotid flow
probe and jugular venous catheter were removed. Supplemental oxygen was added only if
arterial saturation was lower than 90% with a SaO, target between 90% and 94%. Animals
were maintained under general anesthesia with isoflurane for 4 hours. Therapeutic
hypothermia was induced and sustained between 32°C and 34°C using IV cold saline (1,000
mL) and external cooling during a 4-hour period. Animals that had a stable post-ROSC
rhythm but were hypotensive (mean arterial pressure, < 50 mm Hg) received increments of
0.1-0.2 mg IV epinephrine every 5 minutes until the mean arterial pressure rose above 50
mm Hg. If the arterial blood pH was lower than 7.2, then 50-100 mEq of NaHCO3 were
given IV.

Animals were weaned off the ventilator 4 hours post ROSC and extubated. They were
returned to their cages and observed for the first 6 hours for signs of clinical deterioration.
Controlled rewarming (0.5°C/hr) to normothermia was performed at that point using a
blanket and a heating lamp. The total duration of hypothermia was about 12 hours. Survivors
received nonsteroidal anti-inflammatory medication, as previously described, and had free
access to water and food (21).

Crit Care Med. Author manuscript; available in PMC 2016 May 07.
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Neurologic assessment—Twenty-four hours after ROSC, a certified veterinarian,
blinded to the intervention, assessed the pigs’ neurologic function based on a Cerebral
Performance Category (CPC) scoring system modified for pigs. The following scoring
system was used: 1 = normal; 2 = slightly disabled; 3 = severely disabled but conscious; 4 =
vegetative state; a 5 was given to animals that died in the laboratory due to unachievable
ROSC or died in the cage following ROSC (21). If the veterinarian determined the pigs were
in severe distress prior to the 24-hour assessment, they were euthanized per the Animal Care
Committee protocol. Dichotomous assessment of good (CPC < 2) versus poor (CPC > 2)
outcomes was also evaluated. The Swine Neurologic Deficit Score (NDS) was also used to
evaluate level of consciousness, respiratory pattern, cranial nerve function, motor and
sensory function, and behavior evaluation, in 24-hour survival animals (Supplemental Table
1, http://links.lww.com/CCM/B224) (22).

Echocardiographic evaluation of left ventricular function—A transthoracic
echocardiogram was obtained on all survivors 1, 4, and 24 hours post ROSC (23). Ejection
fraction was assessed using Simpson’s method of volumetric analysis by an independent
clinical echocardiographer blinded to the treatments (24).

Protocol B—Protocol B assessed blood flow to the heart and brain. Protocol B and A
surgical procedures were similar except that in B a second femoral artery catheter was
placed through which a 7F pigtail catheter was positioned in the left ventricle.

Protocol B was as follows: after 6 minutes of untreated VF, and 2 minutes of ACD-ITD CPR
as a stabilization period, seven pigs received the following sequence of interventions: 5
minutes of ACD-ITD CPR, 5 minutes of ACD-ITPR CPR, and then 0.5 mg of epinephrine
followed by 5 minutes of ACD-ITPR. ACD-ITD CPR was used to provide BLS in protocol
B based on the results from protocol A comparing standard CPR versus ACD-1TD CPR.
Cerebral and myocardial perfusion was assessed using microspheres as previously described
(6, 25, 26). In the current study, 15 pm diameter neutron-activated Lanthanum (}49La), Gold
(198Au), Ytterbium (172Yb), and Lutetium (177Lu) microspheres (STERIspheres; BioPAL;
BioPhysics Assay Laboratory, Worcester, MA) were injected into the left ventricle under
stable baseline conditions just prior to the induction of VF and then 1 minute after the start
of each of the study interventions (ACD-ITD, ACD-ITPR, ACD-ITPR + epinephrine). The
number of microspheres injected for each intervention was computed as follow:

p=12-10°+ ((1.9-10%) - w)

where | is the required number of microspheres and o is the pig weight.

7’
(5-10%)

20

Baseline injection volume=
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Intervention injection volume= ( "

(5-2138)) _ (g)

Concurrently with the microsphere injections, reference blood samples were withdrawn
from the descending aorta at a collection rate of 10 mL/min. At the end of the procedure,
animals were euthanatized and brain and heart samples were obtained. Samples were
desiccated and sent to the reference BioPhysics Assay Laboratory for analysis (26).

Statistical Analysis

Data were expressed as mean + SD. Kruskal-Wallis nonparametric test and post hoc analysis
were used to determine statistical significance of differences of continuous variables
between groups and pairwise comparison of subgroups. The chi-square or Fisher exact test
was used for comparison of proportions. All statistical tests were two-sided, and a p value of
less than 0.05 was required to reject the null hypothesis. Survival was assessed at the end of
the ALS phase, prior to the rescue protocol for group A. A paired #test was used to compare
hemodynamic variables before and after rescue ALS.

In protocol B, significant differences between interventions were compared by paired test.
Statistical analysis was performed using SPSS 21 (IBM Corporation, Armonk, NY).

RESULTS

Protocol A

All animals were included in this analysis. No adverse device events were observed. There
were no significant baseline differences between treatment groups (Table 1). During BLS
and ALS, compression rates were controlled by the automated CPR device at 100 per
minute. The compression depths were similar for groups A, B, and C during ALS: 5.9 + 1.1
cm, 5.6 £ 0.8 cm, and 5.3 £ 0.2 cm, respectively (o = 0.39). The compression and
decompression phase airway pressure, a surrogate for intrathoracic pressure in groups A-C,
are shown in Table 1. Airway pressure during decompression was negative with ACD-ITD
(-10.5 + 0.8 mm Hg for group C during BLS) and ACD-ITPR (-11.3+1.8and -12.3+ 2.1
for groups B and C during ALS).

CPR Hemodynamics—Systolic blood pressure and ET CO, were higher with group C
compared with group A during BLS (p= 0.009 and p = 0.002, respectively) (Table 1).
During ALS, systolic blood pressure and ETCO, were higher in the group B compared with
group A (p=0.021 and p = 0.007, respectively) and systolic blood pressure and ETCO,
were higher with group C during ALS compared with group A (p=0.034 and p=0.031,
respectively). Arterial blood gas values for PO,, PCO», pH, and base deficit were not
statistically different between groups A, B, and C—15, 30, 60 and 240 minutes after ROSC.

24-Hour Survival—ROSC was not achieved in any pigs in groups A and B during BLS.
By contrast, ROSC was achieved in one of six pigs in group A and six of six pigs in group B
with ALS (p=0.015). Two pigs had a ROSC with BLS alone in group C and the four

Crit Care Med. Author manuscript; available in PMC 2016 May 07.
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remaining had a ROSC after ALS. Thus, all pigs in groups B and C were resuscitated by the
end of the ALS period, and all lived for 24 hours whereas one of six pigs in group A
survived for 24 hours (p = 0.002) prior to the rescue therapy protocol. Neurologic function
was better in pigs treated with the new ALS treatment: CPC scores were 4.7 + 0.8 for group
A (prior to the rescue therapy protocol), 1.7 £+ 0.8 for the group B, and 1.0 for group C,
respectively (p=0.001). In the group B, five of six pigs had a good neurologic outcome
(CPC 1 or 2) versus 0 in group A (p = 0.015).

Left Ventricular Function—Among survivors, there was no difference between groups in
the left ventricular ejection fraction, respectively, for groups A (n=1), B (n=6),and C (n=
6) at 1 hour (55%, 50% + 14%, and 53% * 10%; p = 0.99) at 4 hours (40%, 57% + 10%, and
47% + 14%; p=0.14), and at 24 hours (55%, 65% + 0%, and 46% + 10%; p=0.12).

Rescue ALS With ACD-ITPR Protocol—If standard CPR during ALS was not effective
in group A pigs, ALS with ACD-ITPR was applied as a rescue therapy. With the new ALS
technique, three of five pigs achieved a ROSC when ACD-ITPR was used after ALS using
standard CPR failed. As anticipated, time to ROSC trended longer in the group A with
rescue ALS compared with groups B and C, 446 + 109 versus 326 + 51 and 265 + 76
seconds, respectively (p=0.07), and more epinephrine was necessary to achieve a ROSC
when ACD-ITPR was used as a rescue therapy ALS in group A compared with groups B
and C (1.2 +0.5mg, 0.6 £ 0.2 and 0.3 £ 0.3 mg, respectively; p= 0.006).

The three pigs that were successfully resuscitated with the rescue protocol had a good
neurologic outcome at 24 hours (CPC 1 and 2) (Fig. 2). The NDS evaluated only on 24-hour
survivor animals showed no differences between groups (10 £ 14,6 + 9and 1 + 2 in the
group A after rescue ALS, groups B and C, respectively; p=0.138).

ACD-ITD provided around 40% of baseline flow to heart and brain. As shown in Table 2,
ACD-ITPR provided 44% more brain flow compared with ACD-ITD (0.39 + 0.23 vs 0.27

+ 0.14 mL/min/g; p = 0.03). There were no significant differences in myocardial perfusion
with comparing ACD-ITPR versus ACD-ITD. The administration of epinephrine did not
significantly increase blood flow (mL/min/g) to the heart or brain compared with ACD-ITPR
alone. By contrast, brain and myocardial blood flow were increased with ACD-ITPR with
epinephrine versus ACD-ITD alone (0.40 + 0.22 vs 0.27 + 0.14 for the brain and 0.84 £+ 0.60
vs 0.42 = 0.36 for the heart [p = 0.02 for both], respectively).

DISCUSSION

Recent studies have called into question the clinical utility of current ALS approaches to
patients in cardiac arrest (4, 5). No current clinical ALS algorithm has been shown to
increase favorable neurologic outcomes after cardiac arrest (4, 27-30). The current study
evaluated a fundamentally new approach to ALS. This new ALS approach focused on
combining a new mechanical means to enhance circulation with a low dose of epinephrine.
The results demonstrated that after failure of two different BLS CPR techniques (standard
CPR and ACD-CPR), the use of ACD-ITPR during ALS improved hemodynamics, ROSC

Crit Care Med. Author manuscript; available in PMC 2016 May 07.
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rates, neurologic function, and 24-hour survival rates compared with the use of standard
CPR during ALS. The new ACD-ITPR ALS approach also resulted in the lowest amount of
epinephrine needed to achieve ROSC when comparing the study groups. Use of ACD-ITD
for BLS and ACD-ITPR for ALS provided the shortest time to ROSC and the highest overall
survival with favorable 24-hour neurologic outcome.

In the present study, the untreated VF time was 12 minutes, and no pigs were successfully
resuscitated after BLS or ALS with standard CPR alone or standard CPR with epinephrine,
the conventional ALS protocol recommended by current American Heart Association
guidelines (29). When ACD-ITPR plus epinephrine was used as a rescue therapy following
failure of BLS and ALS in group A pigs treated with standard CPR for BLS and ALS, three
of five pigs were successfully resuscitated and survived for 24 hours with good neurologic
function.

The ITPR device has been previously shown to improve hemodynamics, blood flow, vital
organ perfusion pressures, and short-term survival rates during VF cardiac arrest and
standard CPR in pigs when used as the first intervention in an experimental model with 8
minutes of untreated VF without the need for exogenous epinephrine administration (9). In
the earlier study, ICPs during the decompression phase of CPR were reduced compared with
non-ITPR device and cerebral perfusion pressures were 60% higher. In addition, standard
CPR and the ITPR device has been recently shown to significantly increase ETCO, and
ROSC rates in patients in prolonged cardiac arrest, thus demonstrating the first proof of
clinical concept for the use of ITPR in humans during ALS CPR (8).

The current study is the first to report on the use of the combination of the ITPR and ACD-
CPR and to measure heart and brain blood flow as well as hemodynamics and 24-hour
survival rates. For the microsphere blood flow portion of the study, we compared ACD-1TD
versus ACD-ITPR, as ACD-ITD provided the best outcomes in the 24-hour survival
protocol. ACD-ITD has been previously shown to provide greater vital organ blood flow in
animal models of cardiac arrest and higher survival rates with favorable neurologic function
in patients with OHCA than standard CPR (6, 25). In the current study, we observed a 44%
increase in cerebral perfusion using a microsphere technique with ACD-ITPR versus ACD-
ITD. These observations provide important new mechanistic insight into the likely
physiological basis for the improved 24-hour neurologic outcomes observed with the new
ALS approach in the current study.

The biophysical effect of the ITPR device is conceptually similar to ACD-ITD, but the
continuous negative intrathoracic pressure generated with the ITPR following each positive
pressure ventilation is generated by actively withdrawing respiratory gases from the lungs
rather than by active chest decompression (10). The pressure waveforms generated with
standard CPR, ACD-ITD CPR, and ACD-ITPR are shown in Figure 3. During ACD-ITD,
intrathoracic pressure is reduced during each CPR decompression phase, whereas with
ACD-ITPR, intrathoracic pressure is continuously negative except when a positive pressure
breath is delivered. We speculate that the combination of ACD-ITPR further harnesses the
intrathoracic pump compared with ACD-ITD and should therefore provide additional

Crit Care Med. Author manuscript; available in PMC 2016 May 07.
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clinical benefit during CPR, by both augmenting forward flow and by reducing ICP during
the decompression phase.

A potential advantage of the new ALS approach is that less epinephrine is needed to achieve
24-hour survival with favorable brain function. While epinephrine use has been associated
with improved ROSC rate, higher doses may worsen outcomes (4, 27, 28). After ROSC,
microcirculatory blood flow has been shown to be markedly reduced after epinephring,
resulting in greater brain ischemia (31). ITPR application in noncardiac models of
hypotension increased microcirculation blood flow without exogenous epinephrine (32).
These observations may help to further explain the improved neurologic outcomes observed
in this current study.

LIMITATIONS

In the current study, the method of CPR could not be blinded, but the compression rate and
depth were automated, well controlled, and the same between groups. Anticipating this
potential limitation, the primary endpoint, 24 neurological survival, was evaluated by a
veterinarian, blinded to the intervention. There was a trend toward higher CPPs and carotid
flow with the ITPR: the lack of statistical significance of these findings could be related to a
lack of power to demonstrate improvement for these endpoints. Another limitation relates to
the design of study protocol B as it only focused on a comparison of ACD + ITD versus
ACD + ITPR, as ACD + ITD has been widely studied and shown to increase survival with
favorable neurologic function (12, 13). Future studies are needed to determine if the
increased perfusion observed with ACD + ITPR versus ACD + ITD during ALS will result
in superior neurologically sound survival outcomes.

CONCLUSION

Use of ACD-ITPR during ALS improved hemodynamics, ROSC rates, and neurological
favorable survival, the primary study endpoint, compared with conventional ALS using
standard CPR. ACD-ITPR also significantly improved brain blood flow compared with
ACD-ITD. These positive findings provide strong support for further ALS research with
ACD-ITPR.
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Figurel.
Study protocol. After 12 min of ventricular fibrillation (VF) and 3 min of basic life support

(BLS) up to three 275 joules, biphasic defibrillatory shocks were delivered (Lifepak 15;
Physio-Control, Redmond, WA). If return of spontaneous circulation (ROSC) was not
achieved after 1-3 defibrillations, advanced life support (ALS) was started based on a
randomization plan that was unblinded after induction of VVF. In all groups, epinephrine
(Epi) was administered as a 0.5 mg (~15 pg/kg) bolus 15 s after starting ALS through the
jugular vein. A bolus of 25 mg of amiodarone was also administered in all groups after
epinephrine injection. After 2 min of ALS, 1-3 shocks were delivered, as needed. As a
secondary endpoint, when ROSC was not achieved in animals in group A using standard
cardiopulmonary resuscitation (CPR) during ALS, then active compression-decompression
(ACD) plus intrathoracic pressure regulator (ITPR) was initiated as a rescue therapy along
with a second dose of 0.5 mg of epinephrine. A defibrillatory shock was delivered every 2
min thereafter until ROSC was achieved or for up to the point in time when a total of 15 min
of CPR had been performed. ITD = impedance threshold device.
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Figure2.

Twenty-four-hour Cerebral Performance Category (CPC) score (1= normal, 2 = mild deficit,
3 = severe deficit, 4 = coma, and 5 = dead). CPC is significantly different between groups (o
=0.001). ACD = active compression-decompression, ALS = advanced life support, BLS =

basic life support, CPR = cardiopulmonary resuscitation, ITD = impedance threshold device,

ITPR = intrathoracic pressure regulator.
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Figure 3.

Representative example of pressure curve during the study. ACD = active compression-
decompression, ALS = advanced life support, BLS = basic life support, CPR =
cardiopulmonary resuscitation, ITD = impedance threshold device, ITPR = intrathoracic

pressure regulator.
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TABLE 2

Blood Flow to the Heart and Brain Measured by Neutron-Activated Microsphere

Organ Baseline ACD PlusImpedance Threshold Device ACD-ITPR  ACD-ITPR + Epinephrine

Brain 0.65+£0.36 (27+0.144 0.39 + 0,2317 041+ 0,2217

Heart 089+0.28 (42+0.366¢ 0.65+0.81 0.83 + 0.60¢

ACD = active compression-decompression, ITPR = intrathoracic pressure regulator.

ap < 0.05 comparing the different interventions with ACD-ITPR.

bp< 0.05 comparing the different interventions with ACD plus impedance threshold device.
cp < 0.05 comparing the different interventions with baseline.

dp< 0.05 comparing the different interventions with ACD-ITPR + epinephrine.
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