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LATE BREAKER ARTICLES

Survival for Nonshockable Cardiac Arrests 
Treated With Noninvasive Circulatory Adjuncts 
and Head/Thorax Elevation*
OBJECTIVES: Cardiac arrests remain a leading cause of death worldwide. Most 
patients have nonshockable electrocardiographic presentations (asystole/pulse-
less electrical activity). Despite well-performed basic and advanced cardiopulmo-
nary resuscitation (CPR) interventions, patients with these presentations have 
always faced unlikely chances of survival. The primary objective was to determine 
if, in addition to conventional CPR (C-CPR), expeditious application of nonin-
vasive circulation-enhancing adjuncts, and then gradual elevation of head and 
thorax, would be associated with higher likelihoods of survival following out-of-
hospital cardiac arrest (OHCA) with nonshockable presentations.

DESIGN: Using a prospective observational study design (ClinicalTrials.gov 
NCT05588024), patient data from the national registry of emergency medical 
services (EMS) agencies deploying the CPR-enhancing adjuncts and automated 
head/thorax-up positioning (AHUP-CPR) were compared with counterpart refer-
ence control patient data derived from the two National Institutes of Health clinical 
trials that closely monitored quality CPR performance. Beyond unadjusted com-
parisons, propensity score matching and matching of time to EMS-initiated CPR 
(TCPR) were used to assemble cohorts with corresponding best-fit distributions of 
the well-established characteristics associated with OHCA outcomes.

SETTING: North American 9-1-1 EMS agencies.

PATIENTS: Adult nontraumatic OHCA patients receiving 9-1-1 responses.

INTERVENTIONS: In addition to C-CPR, study patients received the CPR 
adjuncts and AHUP (all U.S. Food and Drug Administration-cleared).

MEASUREMENTS AND MAIN RESULTS: The median TCPR for both AHUP-
CPR and C-CPR groups was 8 minutes. Median time to AHUP initiation was 
11 minutes. Combining all patients irrespective of lengthier response intervals, 
the collective unadjusted likelihood of AHUP-CPR group survival to hospital dis-
charge was 7.4% (28/380) vs. 3.1% (58/1,852) for C-CPR (odds ratio [OR], 
2.46 [95% CI, 1.55–3.92]) and, after propensity score matching, 7.6% (27/353) 
vs. 2.8% (10/353) (OR, 2.84 [95% CI, 1.35–5.96]). Faster AHUP-CPR applica-
tion markedly amplified odds of survival and neurologically favorable survival.

CONCLUSIONS: These findings indicate that, compared with C-CPR, there are 
strong associations between rapid AHUP-CPR treatment and greater likelihood 
of patient survival, as well as survival with good neurological function, in cases of 
nonshockable OHCA.

KEYWORDS: asystole; cardiopulmonary resuscitation; head-up/thorax-up 
cardiopulmonary resuscitation; nonshockable cardiac arrest; pulseless electrical 
activity

In North America and Europe alone, nearly 1 million persons experience 
nontraumatic sudden out-of-hospital cardiac arrest (OHCA) annually 
(1, 2). Most (75–85%) have “nonshockable” (NS) electrocardiographic 
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presentations (1–10), either asystole or pulseless elec-
trical activity (PEA).

Despite rapidly responding 9-1-1 emergency med-
ical services (EMS), immediate delivery of basic 
cardiopulmonary resuscitation (CPR) and other long-
standing, intensely researched treatments (oxygena-
tion interventions, epinephrine infusions), nearly all 
OHCA patients fail to survive (SURV) to hospital dis-
charge (1–12). The small minority of OHCA patients 
with shockable presentations may be highly salvage-
able, but only under certain circumstances, including 
early, well-performed CPR and rapid defibrillation 
within minutes (3, 6, 13, 14). Nonetheless, collectively 
in 2021, OHCA SURV chances in the United States, 
including shockable cases, still averaged less than or 
equal to 10% among progressive EMS systems that 
track outcomes and neurologically intact SURV was 
less than 6.5% (1, 3, 5–10).

Although the clear majority of NS-OHCA are un-
witnessed events and often have lengthier response 
intervals, poor outcomes after NS-OHCA are also due 
to physiologic limitations of traditional CPR. Even 
for shockable cases, conventional CPR (C-CPR), per-
formed early and appropriately, only provides ~20% 
of normal cerebral perfusion pressure (15–21). Chest 
compressions produce forward-flowing (arterial) 

pressure waves, but they also generate substantial 
retrograde venous pressure waves resulting in pulsa-
tile increases in intracranial pressure with each com-
pression, thus impairing trans-cerebral arterial flow 
(15–21). Coupled with limited refilling of cardiac 
chambers, C-CPR becomes progressively ineffective 
over time, especially with prolonged untreated cardiac 
arrest intervals (15, 16).

Recent laboratory and clinical investigations have 
demonstrated new mechanisms to mitigate some of 
these inherent limitations of C-CPR. Noninvasive 
adjuncts, including the impedance threshold device 
(ITD) or use of suction cup–based active-compression- 
decompression (ACD), have improved intrathoracic 
pressure regulation during CPR, both individually and 
particularly in combination (17–28). Leveraging these 
different, yet complementary, mechanisms of action, 
ITD/ACD-CPR lowers intracranial pressure, augments 
cardiac preload, and improves coronary and cerebral 
perfusion pressures (15, 17, 19). Multiple clinical trials of 
ITD/ACD-CPR have not only demonstrated improved 
hemodynamics and resuscitation rates but also a 50% 
improvement in 1-year survival with favorable neuro-
logic function compared with C-CPR (24–28).

More recently, a comprehensive series of porcine 
ventricular fibrillation models identified a well-defined 
sequencing of interventions in which C-CPR is fol-
lowed rapidly by ITD/ACD-CPR for 2 minutes, and 
then gradual head and thorax elevation over another 2 
minutes. This well-studied cadence consistently results 
in near-normalization of cerebral perfusion pressures 
and profound improvements in neurologically favorable 
survival (17, 19, 20, 29–33). The pivotal adjuncts used to 
generate these synergistic physiologic benefits, including 
an automated head/thorax-up positioning (AHUP) de-
vice (Fig. 1), have all been cleared by the U.S. Food and 
Drug Administration and are now being introduced into 
clinical settings (22, 34, 35). Following institutional re-
view board (IRB) approvals for collecting and publishing 
deidentified outcome data, a nationwide registry was es-
tablished to track OHCA patients treated with this “neu-
roprotective” strategy prospectively (22, 35).

Early-adopting EMS agencies using first-in 
responders to provide the “AHUP-CPR” protocol al-
ready are reporting markedly increased likelihoods of 
patient SURV overall when evaluating both shockable 
and NS cases combined (22, 36). However, it had yet to 
be delineated if this CPR-enhancing approach is also 

 
KEY POINTS

Question: In addition to closely monitored con-
ventional cardiopulmonary resuscitation (C-CPR), 
would application of circulatory-enhancing and 
intracranial pressure–lowering adjuncts im-
prove survival after cardiac arrest with non-
shockable (asystole/pulseless electrical activity) 
presentations?

Findings: Rapid treatment with the combina-
tion of several well-studied CPR adjuncts that in-
crease circulation and gradually elevate the head 
and thorax was associated with a 2.5- to three-
fold overall significant improvement in survival-to-
hospital discharge vs. C-CPR. Faster application 
significantly amplified the odds of surviving.

Meaning: The results predict the potential for 
restoring functional lives annually for tens of thou-
sands of nonshockable cardiac arrest patients for-
merly considered to be largely unsalvageable.
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specifically effective for NS-OHCA and applicable sub-
groups. Therefore, the primary study objective was to 
compare SURV among NS-OHCA patients receiving 
the AHUP-CPR adjuncts vs. C-CPR controls managed 
in high-performance EMS systems. The main hypo-
thesis was that, compared with C-CPR alone, the addi-
tional rapid application of AHUP-CPR was associated 
with improved SURV for NS-OHCA patients.

MATERIALS AND METHODS

IRB Approval and Clinical Trial Registration

The International Device-Assisted Controlled 
Sequential Elevation CPR Registry continues to receive 
de-identified patient data from EMS systems using all 
AHUP-CPR components: 1) suction cup-based ACD-
CPR (ResQPUMP; ZOLL Medical, Chelmsford, MA) 
and/or automated-ACD (LUCAS; Stryker Medical, 
Kalamazoo, MI); 2) ITD (ResQPOD; ZOLL Medical); 
and 3) automated head/thorax elevation (EleGARD 

Patient Positioning System; AdvancedCPR Solutions, 
Edina, MN). The registry is a collaborative exten-
sion of intrinsic quality assurance processes routinely 
conducted by most governmental public safety agen-
cies (3). Procedures were followed in accordance with 
the ethical standards of the responsible committee on 
human experimentation and that of the 1975 Helsinki 
Declaration. The registry, listed in ClinicalTrials.gov 
(identifier NCT05588024), received approval (HSR-
17–4414) from the central WCG IRB (study 1281307) 
with “waiver of informed consent” (latest reapproval 
February 23, 2023).

Participants

AHUP-CPR registry patients with nontraumatic 
NS-OHCA presentations were compared with coun-
terpart C-CPR patients from two large-scale random-
ized clinical trials as reference controls (24, 37, 38). 
Study inclusion criteria for the AHUP-CPR patients 
were as follows: 1) aged 18 years or older; 2) AHUP-
CPR treatment; 3) nontraumatic NS-presentation; and 
4) treatment in agencies using first-in responders for 
AHUP-CPR and prospectively/consistently recording: 
1) elapsed-time from 9-1-1 call receipt to EMS initiating 
basic C-CPR (TCPR); 2) 9-1-1 call to AHUP device place-
ment/activation (TAHUP); 3) all outcome-related data 
including age, sex, bystander-witnessed event, EMS-
witnessed, bystander-performed CPR, electrocardio-
graphic presentation, and outcomes, including SURV 
and neurologically favorable survival. The five early-
adopting EMS agencies voluntarily participating in the 
AHUP-CPR registry and meeting these enrollment cri-
teria were from: Peoria, IL; St. Johns County, FL; Anoka, 
MN; Edina, MN; Germantown, TN; all geographically, 
demographically, and operationally diverse (22, 35, 36). 
Although these AHUP agencies had variable start dates 
(earliest, April 2019; latest March 2021), most patients 
were entered during 2020–2021. By prospective design, 
enrollment for this analysis ended December 31, 2021.

The C-CPR data were obtained specifically from 
the Resuscitation Outcomes Consortium (ROC) 
Prehospital Resuscitation using an IMpedance valve 
and Early versus Delayed analysis (PRIMED) trial 
and the Impact of an ITD and Active Compression 
Decompression CPR on Survival From Out-of-Hospital 
Cardiac Arrest (ResQ) control arms because these tri-
als involved greater than 150 U.S. and Canadian EMS 

Figure 1. Illustration depicting the main complementary 
components of the triad of intracranial and intrathoracic pressure–
lowering devices, including 1) impedance threshold device (ITD) 
attached to the airway; 2) a mechanical active-compression/
decompression cardiopulmonary resuscitation (ACD-CPR) device 
encircling the chest with attached suction cup positioned at the 
manikin’s sternum; and 3) depicted below the manikin, in a fully 
elevated position, an automated head/thorax-up positioning 
device that gradually elevates the head and thorax over 2 min 
after 2-min circulation priming using ITD-ACD augmentation of 
basic conventional CPR. A hand-held ACD-CPR pump for manual 
compression-decompression use is also shown (bottom right corner).
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agencies ranging in size, demographics, and geograph-
ical location (24, 37, 38). Funded and closely monitored 
by the National Institutes of Health (NIH), both stipu-
lated prospective collection of the same study variables 
and outcome-related data tracked for AHUP-CPR. 
Furthermore, these independent trials were targeted to 
establish the most stringent comparisons because both 
involved recognized high-performing EMS agencies, 
including those that the NIH required recorded doc-
umentation of quality CPR performance system wide 
prior to permitting agency participation/enrollment, 
as well as ongoing documentation throughout the trial 
(37, 38). NS-OHCA control group outcomes from each 
trial were similar and each matched, or surpassed, cur-
rent data from progressive U.S. EMS systems monitor-
ing outcomes with standardized metrics (1, 3).

Study Design and Protocol

The prospective observational population-based study 
design entailed a noncontemporaneous, nonrandom-
ized clinical trial with both direct (unadjusted) head-
to-head evaluations and propensity score–matched 
comparisons of NS-OHCA patient SURV using C-CPR 
vs. C-CPR plus AHUP-CPR. Propensity score analyses 
incorporated all well-established OHCA outcome-
related variables (5, 9, 10, 36, 39–41).

Personnel at every site were trained in C-CPR and 
advanced life support according to the American Heart 
Association guidelines (11, 22, 35, 37, 38). AHUP-CPR 
personnel received additional training in AHUP-CPR 
techniques prior to agency implementation. Clinical care 
protocols included immediate C-CPR initiation, early 
automated external defibrillator application, and rapid 
AHUP device placement while initiating ventilation (via 
facemask, endotracheal tube, and/or supraglottic airway) 
combined with ITD application and transitioning of 
C-CPR to manual ACD-CPR and/or mechanical ACD-
CPR. Periodic retraining focused on minimizing chest 
compression interruptions mandating less than 6-second 
pauses for mechanical-CPR or AHUP applications.

Placement in an AHUP device immediately elevates 
the head/thorax to 12 cm (occiput) and 8 cm (mid- 
thorax/heart), respectively. Following a 2-minute in-
terval for circulatory priming with ITD/ACD-CPR, 
the activated AHUP device gradually elevates the head/
thorax over 2 minutes, to 24/12 cm, respectively (19, 
30, 31). Mechanical ACD-CPR devices attach directly 

to AHUP device backplates, stabilizing mid-sternal 
positioning, and reducing device drift/movement dur-
ing compressions (Fig. 1). After the return of sponta-
neous circulation, compressions were halted and the 
ITD was removed, but patients generally remained in 
the AHUP device with the head/thorax elevated as long 
as their systolic arterial pressure remained greater than 
90 mm Hg. The ITD and ACD-CPR interventions were 
resumed if the patient had a recurrent cardiac arrest.

Study Endpoints

The primary endpoint was SURV. Secondary outcomes 
included return of spontaneous circulation and SURV 
with favorable neurologic function defined as Cerebral 
Performance Category score of 1–2 or modified Rankin 
Score less than or equal to 3 (1, 3, 24, 37, 39).

Statistical Analysis

Summary descriptive statistics for pertinent patient 
characteristics were reported as numbers and percent-
ages for categorical variables, and means with sds, or 
medians along with 25th and 75th percentiles (inter-
quartile range [IQR]), wherever appropriate, for con-
tinuous variables. Unadjusted primary and secondary 
outcomes were compared between AHUP-CPR and 
C-CPR cohorts using crude odds ratios (OR) and 95% 
CIs. Exploratory subgroup analyses also were per-
formed to further document the impact of TAHUP on 
outcomes as well as PEA, asystole, witnessed, and un-
witnessed arrest subcategories.

To account for potential confounding effects by 
imbalances in baseline characteristics, propensity score 
matching and TCPR matching also were performed (40, 
41). Propensity scores were derived initially from a 
nonparsimonious multivariable logistic regression 
model predicting receipt of AHUP-CPR with relevant 
outcome-related covariates: age, sex, EMS-witnessed 
arrest, bystander-witnessed arrest, and bystander CPR 
(5, 40, 41). C-CPR patients with the nearest propensity 
score caliper of 0.01 and the same discrete TCPR interval 
were then matched one-to-one, without replacement, 
to each AHUP-CPR recipient. With this approach, 
C-CPR patients would not be matched inadvertently 
with AHUP-CPR recipients already achieving return 
of spontaneous circulation (42).

Success of propensity score and TCPR matching was 
evaluated further by checking for adequate overlap in 
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propensity scores between study groups and computing 
standardized differences for baseline characteristics. A 
standardized difference of greater than or equal to 10% 
after matching was considered, a priori, to be indicative 
of residual imbalance in baseline characteristics (40, 41).

Both OR and 95% CI were calculated using logistic 
regression after propensity score and TCPR matching. 
Based on prior study findings, ORs were examined in a 
prespecified comparative analysis of clinical outcomes 
stratified by 1-minute increases in TAHUP (22, 35). Two-
sided p values of less than 0.05 were considered sta-
tistically significant. Statistical analyses used Stata/SE, 
Version 16.0 (StataCorp, College Station, TX).

RESULTS

Baseline Characteristics of Patients

From registry inception until closing enrollment for 
this analysis (December 31, 2021), 965 OHCA patients 
from 11 EMS systems received AHUP-CPR without 
any observed safety/complication issues. The five EMS 
agencies meeting inclusion criteria (first-in responders 
using AHUP-CPR/comprehensive datasets) provided 
467 OHCA patients receiving AHUP-CPR among 
whom 380 (81%) had NS-OHCA presentations (Fig. 

2). Among those 380 receiving AHUP-CPR and 1,852 
receiving C-CPR, asystole or PEA was well docu-
mented (electrocardiographic record) in 342 of 380 
(90%) and 1,722 of 1,852 (93%), respectively. The re-
maining were reported only as “nonshockable”.

Patient characteristics were similar overall between 
study agencies and other registry sites (Supplementary 
Table S1, http://links.lww.com/CCM/H425). Among 
494 total patients initially encountered with NS arrests 
across the five agencies enrolling patients, AHUP-CPR 
was not applied to 114 patients for reasons described 
in Supplementary Tables S2 and S3 (http://links.lww.
com/CCM/H425) such as those experiencing OHCA 
after/during ambulance transport or those regaining 
pulses prior to AHUP application.

Two-thirds (n = 252/380) received a sequential ap-
plication of ACD devices, starting with the manual 
ACD and later transitioning to automated ACD, while 
13% (n = 50) received manual ACD only and 20% (n = 
78) received only automated ACD. Half the time, there 
were only two or three responders initially on-scene 
applying AHUP-CPR.

Although comparative percentages of asystole pre-
sentations were well-aligned before propensity score 
matching (61% [230/380] AHUP-CPR vs. 62% C-CPR 

Figure 2. Study enrollment flowchart. Flowchart tracking the process of how both control and study arm patients with nonshockable 
electrocardiographic presentations were selected and enrolled into the current study. AHUP = automated head/thorax-up positioning, 
C-CPR = conventional cardiopulmonary resuscitation, EMS = emergency medical services, ROC PRIMED = Resuscitation Outcomes 
Consortium Prehospital Resuscitation using an IMpedance valve and Early versus Delayed analysis trial (37), ResQTrial = the Active 
Compression Decompression CPR on Survival From Out-of-Hospital Cardiac Arrest trial (24).
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[1,144/1,852]), asystolic AHUP-CPR patients were, more 
frequently, unwitnessed arrests; 73% (168/230) vs. 67% 
(766/1,144) of asystolic C-CPR patients (p = 0.07). Before 
propensity-matching, AHUP-CPR patients had more by-
stander CPR attempts (47% vs. 33%; Table 1), but there 
was a much greater proportion of C-CPR patients with 
EMS-witnessed arrests (12% vs. 5% AHUP cases).

Unadjusted Analyses

In unadjusted analyses, return of spontaneous circula-
tion rates for AHUP-CPR (33% [125/380]) and C-CPR 
(29% [535/1,852]) patients were not statistically dif-
ferent (OR, 1.21 [95% CI, 0.95–1.53]). In contrast, 
likelihood of SURV (Fig. 3) and SURV with favorable 
neurologic function (Table 2) were 2.5- to three-fold 
higher with AHUP-CPR. Comparing all cases irre-
spective of response intervals, SURV, the primary 
study endpoint, was 7.4% (28/380) vs. 3.1% (58/1,852) 
for C-CPR (OR, 2.46 [95% CI, 1.55–3.92]).

In subgroup analyses of PEA presentations, AHUP-
CPR was associated with higher odds of SURV (13.4% 
[15/112] vs. 6.2% [36/578]; OR, 2.33 [95% CI, 1.23–
4.41]) and SURV with favorable neurologic function 
(9.8% [11/112] vs. 2.8% [16/578]; OR, 3.83 [95% CI, 
1.73–8.48]).

Among all asystole patients (witnessed and unwit-
nessed), including those with lengthier TCPR, AHUP-
CPR had overall higher odds of SURV (4.8% [11/230] 
vs 1.7% [20/1,144]; OR, 2.82 [95% CI, 1.33–5.97]), but 
significance was not reached statistically for SURV with 
favorable neurologic function (1.3% [3/230] vs. 0.8% 
[9/1,144]; OR, 1.67 [95% CI, 0.45–6.20]). However, 
when specifically examining unwitnessed/asystole 
arrests (44% and 41%, respectively, of all NS-OHCA 
cases), AHUP-CPR was associated with a much higher 
likelihood of both SURV (4.2% [7/168] vs. 0.7% 
[5/766]; OR, 6.62 [95% CI, 2.07–21.11]) and SURV 
with favorable neurologic function (1.8% [3/168] vs. 
0.3% [2/766]; OR, 6.95 [95% CI, 1.15–41.90]).

TABLE 1.
Unadjusted Direct Comparisons of Nontraumatic Cardiac Arrest Patients With 
Nonshockable Presentations Who Received Conventional Cardiopulmonary Resuscitation 
Versus Those Who Additionally Received Circulation-Enhancing Adjuncts and Automated 
Head/Thorax-Up Positioning

Characteristics Conventional CPR AHUP-CPR Standardized Difference (%) 

Total no. of patients 1,852 380  

Mean age, yr (±sd) 67.0 (±16.8) 65.7 (±16.6) 7.6

Male sex, n (% of cases) 1,130 (61) 256 (67) –13.3

EMS witnessed, n (%) 215 (12) 19 (5.0) 24.1

Bystander witnessed, n (%) 636 (34) 126 (33) 2.5

Bystander CPR attempt, n. (%) 612 (33) 180 (47) –29.5

Median time (min) from 9-1-1 call to EMS 
initiating basic CPR (IQR)

8 (6–10) 8 (6–11) –0.9

Median time (min) from 9-1-1 call to AHUP 
activation (IQR

— 11 min (9–15 min) —

Contributing studies, n (%)

 � AHUP Registry — 380 (100)  

 � Resuscitation Outcomes 
Consortium-PRIMED

865 (47%) —  

 � ResQTrial 987 (53%) —  

Unadjusted mean propensity score (±sd) 0.17 (±0.05) 0.19 (±0.05) –37.0

AHUP-CPR = conventional cardiopulmonary resuscitation with the addition of circulatory adjuncts and automated head-up positioning, 
CPR = cardiopulmonary resuscitation, EMS = emergency medical services, IQR = interquartile range (25th–75th percentiles).
Resuscitation Outcomes Consortium-PRIMED is one of the two National Institutes of Health (NIH) clinical trials used to derive a 
conventional-CPR control population and ResQTrial is the other NIH trial.
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Propensity Score– and Time Interval–Matched 
Analyses

Based on propensity score and discrete TCPR intervals, 
353 AHUP-CPR patients (93%) could be fully matched 
with 353 C-CPR patients (Fig. 2). Adequate overlap in 
propensity scoring was observed between study groups 
and matching was successful in attenuating imbal-
ances in baseline characteristics with standardized dif-
ferences less than 10% for all variables (Table 3).

Even after propensity score and TCPR matching, 
comparable, relatively high rates of return of sponta-
neous circulation were still observed in both groups: 
AHUP-CPR (33% [118/353]) and C-CPR (29% 
[101/353]; OR, 1.25 [95% CI, 0.91–1.72]). In contrast 
(Fig. 3 and Table 2), AHUP-CPR was associated with 
higher probabilities of SURV (7.6% [27/353] vs. 2.8% 
[10/353]; OR, 2.84 [95% CI, 1.35–5.96]) and SURV 

with favorable neurologic function (4.2% [15/353] vs. 
1.1% [4/353]; OR, 3.87 [95% CI, 1.27–11.78]).

Time Dependency of Outcomes

The median TCPR, before and after propensity score 
matching, was 8 minutes (IQR = 6–10) for both AHUP-
CPR and C-CPR (Tables 1 and 3). Median TAHUP 
remained 11 minutes (IQR = 9–15), before and after 
matching (Tables 1 and 3). The sooner AHUP-CPR 
was initiated, the better the outcome. For example, 
when TAHUP less than 11 minutes (median TAHUP before 
and after matching), SURV estimates for AHUP-CPR 
relative to C-CPR (Fig. 3) were 11.5% (19/165) vs. 2.4% 
(4/165; OR, 5.24 [95% CI, 1.74–15.76]). For TAHUP less 
than 16 minutes (i.e., 80th percentile of all matched 
AHUP-CPR cases), SURV was 8.5% (24/281) vs. 2.5% 
(7/281; OR, 3.66 [95% CI, 1.55–8.63]). TCPR-related 

Figure 3. Proportions of cardiac arrest patients surviving to hospital discharge (SURV) after nonshockable electrocardiographic 
presentations (asystole/pulseless electrical activity), comparing a large cohort receiving conventional cardiopulmonary resuscitation 
(C-CPR) (gray columns) to patients additionally receiving the triad of noninvasive intracranial/intrathoracic pressure–lowering devices, 
including an automated head/thorax-up positioning (AHUP) device (red columns). The first gray/red columns represent head-to-head 
(unmatched) comparison of all cases, including those with extended response intervals (20% of cases); second comparison represents 
propensity score/TCPR-matched analyses (TCPR = time elapsed from 9-1-1 call receipt until basic CPR initiation by emergency medical 
services). The last two gray/red columns involve matched samples that are compared according to time until AHUP application (TAHUP) 
using the median TAHUP (<11 min) and TAHUP 80th percentile (<16 min) as examples. Odds ratios and 95% CIs are also indicated.
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TABLE 2.
Number of Patients Surviving With Favorable Neurologic Function After Nonshockable 
Cardiac Arrest Presentations, Comparing Those Receiving Conventional Cardiopulmonary 
Resuscitation Techniques to Those Also Receiving Circulation-Enhancing Adjuncts and 
Automated Head/Thorax-Up Positioning

  Conventional CPR AHUP-CPR   

n (%) n (%) Odds Ratio (95% CI)

Unmatched (unadjusted) analysis of no. surviving (%) 26/1,852 (1.4) 16/380 (4.2) 3.09 (1.64–5.81)

Propensity score–matched analysis using all cases 
including those with lengthier response intervals, n 
surviving (%)

4/353 (1.1%) 15/353 (4.2%) 3.87 (1.27–11.78)

Time from 9-1-1 call receipt to AHUP-CPR activation using median and 80th percentile of response intervals, n surviving (%)

 � <11 min (47% of all cases) 1/165 (0.6) 10/165 (6.1) 10.58 (1.34–83.63)

 � <16 min (80% of all cases) 1/281 (0.4) 13/281 (4.6) 13.58 (1.76–104.54)

AHUP-CPR = conventional cardiopulmonary resuscitation with addition of circulatory adjuncts and automated head/thorax-up 
positioning, CPR = cardiopulmonary resuscitation, no. = number of survivors.

TABLE 3.
Characteristics of Cardiac Arrest Patients With Nonshockable Presentations After 
Propensity Score Matching, Comparing Those Recei)ving Conventional Cardiopulmonary 
Resuscitation to Those Also Adding Circulation-Enhancing Adjuncts and Automated 
Head/Thorax-Up Positioning

Characteristics Conventional CPR AHUP-CPR Standardized Difference (%) 

No. of patients 353 353  

Mean age, yr (±sd) 66.5 (±16.0) 65.9 (±16.3) 3.7

Male sex, n. (%) 251 (71) 236 (67) 9.2

EMS witnessed, n (%) 17 (4.8) 17 (4.8) 0.0

Bystander witnessed, n (%) 106 (30) 118 (33) –7.3

Bystander CPR attempt, n (%) 151 (43) 166 (47) –8.5

Median time (min) from 9-1-1 call to 
EMS start of CPR (IQR)

8 (6–10) 8 (6–10) 0.0

Median time (min) from 9-1-1 call to 
AHUP activation (IQR)

— 11 (9–15 —

Contributing studies, n (%)

 � AHUP Registry  353 (100)  

 � Resuscitation Outcomes 
Consortium-PRIMED

178 (50)   

 � ResQTrial 175 (50)   

Mean propensity score (±sd) 0.18 (±0.05) 0.18 (±0.05) –1.7

AHUP-CPR = conventional cardiopulmonary resuscitation with the addition of circulatory adjuncts and automated head-up positioning, 
CPR = cardiopulmonary resuscitation, EMS = emergency medical services, IQR = interquartile range (25th–75th percentiles), 
PRIMED = Resuscitation Outcomes Consortium Prehospital Resuscitation using an IMpedance valve and Early versus Delayed analysis 
trial, ResQTrial = Impact of an ITD and Active Compression Decompression CPR on Survival From Out-of-Hospital Cardiac Arrest.
Resuscitation Outcomes Consortium-PRIMED (37) is one of the two National Institutes of Health (NIH) clinical trials used to derive a 
conventional-CPR control population and the ResQTrial (24) is the other NIH trial.
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differences were even more pronounced in SURV with 
favorable neurologic function (Table 2).

DISCUSSION

This study provides strong evidence that, compared 
with traditional closed-chest manual CPR performed 
in the supine/horizontal plane, OHCA patients with 
NS presentations can now have far higher likelihoods 
of SURV when treated by first-in responders who can 
amplify the lifesaving effects of C-CPR with rapid de-
ployment of AHUP-CPR. These results confirm recent 
investigational breakthroughs in understanding the 
pivotal, synergistic role that gradual head/thorax ele-
vation can play when combined with ITD/ACD-CPR 
(15, 17–23, 30–33).

For over a half-century, until development of these 
new physiologically advantageous approaches, there was 
little new to offer NS-OHCA patients, even though they 
constitute the predominant majority of OHCA cases. 
The magnitude of the SURV benefit for NS patients in 
this study was pronounced, especially when AHUP-CPR 
was initiated within a quarter-hour of the 9-1-1 call for 
help, an achievable goal in nearly all U.S. EMS systems. 
Though survival percentages still remain relatively low 
among these severely anoxic patients, the magnitude of 
applicable case numbers is immense. As such, the results 
presented here, just for out-of-hospital NS cases, could 
translate into restoring functional lives for well over 
10,000 patients/yr in the United States alone, and likely 
many more if even faster responses and “pit-crew” appli-
cations can be achieved routinely (1–3, 14, 36, 43).

Statistically, there were no significant differences in 
rates of return of spontaneous circulation which, com-
pared with most OHCA databases, were relatively high 
(3). That observation could further attest to the quality 
of the high-performance EMS systems involved in the 
control arm. However, there were clear and statistically 
significant differences in SURV and especially SURV 
with good neurologic function for the typically futile 
resuscitation efforts experienced with unwitnessed/
asystole presentations. These observations may there-
fore reflect the presumptive “neuroprotective” effects 
of this enhanced physiologic approach to resuscitation 
which has consistently generated normal (or near- 
normal) cerebral perfusion pressures and end-tidal 
CO2, both in the laboratory and now in patients as well 
(19, 29–32, 44–46).

The results here may even underestimate the im-
pact of AHUP-CPR for several reasons. For example, 
the primary outcome findings, as presented, prob-
ably were attenuated to some degree by inclusions of 
every NS case encountered, including outliers with 
very prolonged response delays. Also, to provide a 
more rigorous evaluation, AHUP-CPR outcomes were 
compared purposely to best-performing EMS systems, 
those recruited by the NIH for that reason. Not only 
was there NIH support and compliance monitoring, 
but all sites closely scrutinized CPR performance with 
electronic recordings, presumably optimizing C-CPR 
quality in the control arm (3, 24, 37, 38). Furthermore, 
most AHUP-CPR data were collected during the 
COVID-19 pandemic which created exponential 
increases in NS-OHCA cases worldwide, mostly asys-
tolic/unwitnessed arrests with futile outcomes (47). 
Despite these many offsetting factors and disadvan-
tages, AHUP-CPR still was associated with strikingly 
higher likelihoods of SURV for NS-OHCA patients, 
whether analyzed as a grouped cohort or stratified for 
PEA, asystole, witnessed/unwitnessed subgroups or 
time to treatment (5, 9).

One caveat usually expressed about adoption of any 
clinical intervention is that traditional randomized 
controlled trials should be conducted (48). However, 
recognizing that OHCA populations are extremely 
heterogeneous and that outcomes are affected by nu-
merous complex factors, controlled clinical trials have 
been challenging, especially considering when unwit-
nessed OHCAs with NS presentations (36, 49, 50). 
Nonetheless, all of the known key outcome-related 
variables in OHCA have been well-studied and well-
documented for decades (5, 7–10, 36). Accordingly, in 
this particular circumstance, the application of pro-
pensity score matching is a validated and statistically 
robust methodology, well-suited for such OHCA stud-
ies (5, 7–9, 40–42, 49, 50).

Furthermore, this current evaluation is a follow-up 
enhancement to the initial proof-of-concept investi-
gation, a randomized controlled trial that confirmed 
neurologically favorable lifesaving using just the foun-
dational ACD/ITD elements of AHUP-CPR (24). The 
addition, timing, and degree of head elevation com-
ponents, meticulously and methodically fine-tuned 
in the laboratory over the past decade, clearly deliver 
a consistent and synergistic CPR-amplifier effect (17, 
19, 20, 23, 29, 31, 32). These collective findings are 
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further supported by indicators of restored circula-
tion in patients such as normalization of end-tidal CO2 
(Etco2) during CPR (45, 46).

Considering that AHUP-CPR and C-CPR study 
sites were somewhat different and enrollment noncon-
temporaneous, the design features could, theoretically, 
introduce unknown variables. However, this con-
cern is less worrisome recognizing both current and 
longstanding NS-OHCA outcome experiences in all 
EMS systems worldwide, regardless of demographics, 
capabilities, and individual system track records (1–4, 
7–10). Furthermore, most U.S. systems have equivalent 
types of rescuers and training, all using the same long-
standing guidelines for NS-OHCA (3, 11). Irrespective 
of study design, additional training, and any other po-
tential study effects at implementation (35, 48), both 
the unadjusted and adjusted AHUP-CPR SURV find-
ings and their magnitude, are difficult to ignore, espe-
cially because nearly half the AHUP-CPR cases were 
unwitnessed/asystole and many had lengthy TCPR. The 
raw data demonstrating 13% SURV for all PEA cases, 
and 4.2% SURV for all unwitnessed/asystole cases, are 
stand-alone major accomplishments (6–10).

Another important stipulation is that the AHUP-
CPR strategy must be implemented rapidly with proper 
sequencing, timing, and tools (43, 51). Similar to au-
tomated external defibrillators, faster use improves 
survival, yet with a wider lifesaving window for both 
shockable and NS presentations (5, 13, 14, 22, 43, 
51). Consequently, AHUP-CPR should be deployed 
with well-trained first-in responders such as firefight-
ers, lifeguards, emergency department, ICU staff, and 
even trained security personnel (43, 51). Fittingly, 
the best results came from EMS crews who created 
specialized backpacks that both facilitated rapid car-
riage to the patient and opened up with each resus-
citative tool strategically placed, a true pit-crew tactic 
further accelerating on-site interventions (22, 35, 36, 
51). Emergency department and ICU teams may even 
have the advantages of having their cardiac arrest cases 
being witnessed and monitored.

Finally, EMS systems that adopt AHUP-CPR should 
also focus on other “chain of survival” essentials, from 
dispatcher-CPR instructions to post-resuscitation 
cardiac catheterization access and temperature man-
agement, as indicated (36). AHUP-CPR, though a sig-
nificant breakthrough, is just one strategy to augment 
survival odds.

CONCLUSIONS

Based on these analyses, OHCA patients with NS pre-
sentations, including those with unwitnessed arrest and 
asystole, will have a much higher likelihood of surviving 
with good neurologic function when chest compressions 
are augmented by expedient application of the noninva-
sive tools used in this study. In turn, rapid-responding 
EMS agencies, other first-in responders, and in-hospital 
staff should now be encouraged to adopt and further in-
vestigate this evolving neuroprotective CPR strategy.
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