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Abstract  
 
Sudden cardiac arrest (SCA) remains a major health issue worldwide with a gloomy outcome due 
to the inadequate organs’ perfusion during cardiopulmonary resuscitation (CPR). Alternatively, we 
aim through the present work to expose our visions of SCA management and propose a new 
technique of cardiac massage, urging CPR experts around the world to conduct their in-depth 
reviews for the sake of patients. 
 
Keywords: Sudden cardiac arrest, Cardiopulmonary resuscitation (CPR), Circulatory flow 
resuscitation, 3R/CPR.  
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Introduction 
“Science is nothing but trained and organized common sense” Thomas Huxley [1]  

 
Clinically, sudden cardiac arrest (SCA) can be identified by the abrupt discontinuity of organs’ 
perfusion due to sudden ventricular asystole, whether fibrillated or knocked-out [2,3], provoked by 
physiopathological events [4-6]; pathophysiological cardiac-extracardiac disorders [7-9]; or 
intentionally induced, In-hospitals (IHCA) or Out-of-hospitals (OHCA).  
 
Most commonly, incidences of OHCA occur unwitnessed due to cardiac arrhythmia, distinct from 
heart attacks which are usually preceded by symptoms and signs [10-12]. Despite imprecise 
statistics, more than 1,250,000 OHCAs occur each year in North America and Europe [(13,14]. 
 
Current management of cardiac arrest or cardiopulmonary resuscitation (CPR) is generally 
performed by cardiac massage, whether manually with repeated chest compressions, interrupted 
by mouth-to-mouth ventilation at rates of 30: 2; or mechanically with devices to compensate for 
rescuers’ fatigue [15,16]. Direct-Current (DC) Cardioversion-Defibrillation [17], is an essential 
procedure for cardiac arrest management, usually delivered with an automated external defibrillator 
(AED) [18] or with implantable cardioverter defibrillators (ICD) in congestive heart failure patients 
with high risks of fatal arrhythmias [19]. Epinephrine, hypothermia, E-CPR with the employment 
of extracorporeal membrane oxygenation (ECMO) are also taken into account for the management 
of SCA [20-22].  The cardiopulmonary bypass (CPB) with open-chest direct cardiac massage can 
be considered under special circumstances [23]. The postresuscitation care for CPR survivors 
includes a hemodynamic support, control of blood biochemistry and avoiding a routine 
hyperventilation [24]. 
 
Despite scientific progress and supports of Global Health Systems, the outcome of SCA victims 
still remains quite poor due to the inadequate perfusion of vital organs during CPR [25, 26]. As a 
result, more than half of postresuscitation syndrome deaths occur within 24 h after the return of 
spontaneous circulation (ROSC), due to multiple organs failure and about 2% of the victims may 
survive without brain damage the first year postarrest [27-29].  This makes CPR one of the most 
controversial therapeutic concept in modern medical history, which requires a fundamental 
scientific overhaul. 
 
Previously, we have demonstrated the benefits of prioritizing immediate restoration of circulatory 
flow dynamics over exhorting return of heartbeat, using a low-pressure extracorporeal pulsatile 
device, (CFR vs. CPR) [30]. A noninvasive device adapted to the cardiopulmonary-circulatory 
pathophysiology and biophysics that can maintain endothelial shear stress (ESS), organs’ 
perfusion, and predispose to ROSC in reasonable metabolic and hemodynamic conditions, 
applicable in refractory cardiac arrest [31], as well as in postarrest.  
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The goal of this study is to propose a new technique of cardiac massage adaptable to cardiovascular 
pathophysiology, biophysics and the overlooked thoracic biomechanics, to be used in the early 
onsets of cardiac arrest.  A safer and more effective method, which can be used by a bystander and/ 
or a rescuer in less exhaustive efforts, outside and/or inside hospital environment, promoting 
potential improvements of current CPR outcome. 
 
We boosted our study by analyzing clinical observations of the three components of the CPR 
framework, namely victims, methods, and therapists, particularly those of lifeguards and heart 
surgeons.   
 
Methods 
 
Therapeutic approach 
Although victims of SCA are quite diverse, e.g., gender, age, etiology, ..., however, they all share 
the same trilogy of therapeutic barriers, which must be overcome during CPR, namely the cardiac 
electrophysiology, the hemostatic-hemorheological condition and the cardiothoracic anatomy.  
 
As it is known, a heartbeat starts from within the heart by the action potential at the conducting 
system inside the right atrium (RA) wall, septum, …. In other words, blood flow dynamics control 
heartbeats, biochemically, with the combinations of neurohumoral factors that create polarization- 
depolarization activities at the pacemaker cells of the conducting system, and mechanically, via 
the pulsatile impacts of shear stress and wall stress, since the 21st day of gestation [32]. The 
superiority of blood flow dynamics in controlling heartbeat over the autonomic nervous system is 
demonstrated with the denervated hearts transplant patients [33]. Likewise, disturbed RA wall 
stress can induce variant types of arrhythmias, e.g., post Mustard arrhythmias [34]. 
 
Following the hemostatic state, within 30 seconds of cardiac arrest, the left-heart side which 
normally contains ≤10% of blood volume (BV) becomes almost empty with an aortic pressure (AP) 
=0 mm Hg. Similarly, the adult heart which roughly contains ≤ 400 mL of BV, unequally divided 
between its chambers, becomes nearly empty as part of the intracardiac blood moves backward–
forward through the low-pressure valveless vena cavae and the pulmonary artery.  Consequently, 
the stagnant venous capacitance increases, and the venous pressure rises from ≤ 0mm Hg to ≥20 
mm Hg [35]. Hemorheologically, maintenance of ≥ 140 mL of stroke volume delivered by the left 
ventricle (LV) at regular rhythm of ≥ 40/min and physiological pulse pressure (syst BP≥80 mm 
Hg) with a coronary perfusion pressure of ≥ 15 mm Hg are required to ensure adequate organs 
perfusions and promote ROSC [36]. Hence it becomes an impossible task to achieve due to the 
hemostatic condition of cardiac arrest. 
 
Anatomically, the heart is anchored in the body by the great vessels (Dr. Claude Beck) [37]. As is 
known, several centimeters separate the sternum from the free wall of the right ventricle (RV), 
followed by the interventricular septum and then the LV (Fig.1). Then the heart becomes further 
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distant from the sternum, pushed backward by the mediastinum*, once the cardiac arrest victim is 
placed on a supine position for chest compressions.  
 
Likewise, insufficiencies of current CPR methods can be explained by the abovementioned 
pathophysiological barriers. For example, chest compressions either manually or mechanically 
must be strong enough to compress the bony sternum and then also the mobile soft mediastinal and 
cardiac structures, to deliver adequate stroke volume through the far distant nearly empty LV. As 
a result, the excessive compressive forces (≥ 8 to 16 bar / in2) of mechanical CPR devices provoke 
most frequently cardiothoracic trauma, e.g., ribs fractures, cardiopulmonary contusion, mammary 
glands hematoma in females, …, which contraindicate their use in pediatrics.  Also, the high 
frequency of chest compressions (≥100 bpm) restricts recoil of the thorax as well as venous return 
during decompression and does not adapt the capillary pressure cycle (40 bpm) [38-40]. The 
benefits of AEDs are still debated, as a successful DC shock must be strong enough (e.g., ≥300 
joules) due to the deviation of the electric field with the anterolateral thoracic positions of the 
electrodes, resulting in approximately 4% of shock energy reaches the heart. Also, the prolonged 
depolarization period after strong shocks promotes myocardial necrosis and electroporation of the 
precious pacemaker cells that represent only about 1% of cardiomyocytes [41,42]. Skin burns 
(≥25%), tachyarrhythmia, thromboembolic incidents, and pulmonary edema have been also 
reported after strong DC shocks [43]. Similarly, benefits of epinephrine during CPR remain 
controversial because of the hemostatic condition [44]. Also, the installation of ECMO via flattened 
empty arteries is extremely difficult in OHCA, limiting its applications to in-hospital environments 
[45, 46]. 
 
In this study, we were able to pattern the proposed therapeutic method through the clinical 
observations of Lifeguards for OHCA and Cardiac surgeons for induced IHCA, two categories that 
have been almost forgotten in the CPR literature. For example, in correlation with the Utstein style 
[47], lifeguards have the best results of OHCA with ROSC in about 70 to 90% of drowning victims 
(Fig.2) [48,49].  In addition to their rapid intervention, we believe that the Heimlich’s maneuver 
(Fig.3A), which is constantly practiced by lifeguards for evacuating the aspired water, mobilizes 
massive amount of the hepato-splanchnic blood via the inferior vena cava which directly stimulates 
the conducting system with ROSC, even without CPR (Fig.3B). Likewise, the induced cardiac 
arrest has become a safe procedure, performed daily by cardiac surgeons with almost 100% return 
of heartbeat in patients with previous cardiomyopathy and underwent surgery for a significant 
length of time. Currently, with the advancement of cardiac reperfusion procedures, most of open-
heart surgery patients (≥ 90%) recover their heartbeat spontaneously without DC shock. It does not 
matter whether the heart is denervated or surgeons had to sacrifice the sinus node artery like 
occasionally with arterial switch procedures, the patient most often recovers a sinus rhythm.  

 
* A well-known procedure performed by cardiac surgeons who switch-off ventilators during sternotomy to push the 
still beating heart away from the sternum.   
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Perhaps one of the most impressive demonstration of ROSC in cardiac surgery is performed by Sir 
Magdy Yacoub* to wean his patients from CPB, by abrupt clamping of the venous lines that refills 
the RA instantly creating a snapping effect at the conducting system with immediate defibrillations 
of the heart. 
 
The 3R/CPR: refill, recoil, rebound. 
Therefore, in order to obtain an effective cardiac massage promoting rapid ROSC, we must 
overcome the abovementioned 3 obstacles: We need to overrule the sternal barrier and bring the 
heart closer to the chest wall. We need to refill the nearly empty heart. We need to recoil properly 
the chest wall. We need to induce a sudden rebound effect at the internal thoracic structures, 
including the intracardiac blood to create a snapping effect at the conducting system of the heart 
(e.g., likewise Sir Yacoub’s method).  
 
We have been assisted in this study by one of the most experienced Lifeguards’ groups from Greece 
which has the highest drowning records in Europe [50]. 
 
Steps:  

1. Positioning the SCA victim on a left recovery (lateral recumbent) position in order to bring 
the heart (apex) closer to the chest wall and secure his/her airway (Fig.3C&D).  

2. Raising the victim’s lower body in a Trendelenburg-like position after gently, compressing 
and pushing upward the infradiaphragmatic (hepato-splanchnic) compartment, using any 
available materials e.g., pillows, sheets, lifeguards’ materials… etc. Victims can be easily 
lifted from their waist belt (Fig.4A). Releasing any tight constrictive garments, e.g., belts, 
bras, ….    

3. Placing the palm of the right hand at the 5th intercostal space to feel if there is still heartbeat, 
for example under the breast by lifting and pushing it upwards in females (Fig.4B). 

4. Adjusting the victim’s position with the right hand and forearm pushing his/her chest 
backward and the right thigh pushing his/her flank forward (Fig.4C). 

5. Induction of chest compressions: with both hands pushing the chest backward-upward at 
the 5th intercostal space, while blocking the victim’s back with both thighs and leaning 
forward on the victim’s body to increase chest recoil in a nearly circumferential manner by 
apply additional compressions from the surrounding mediastinal structures. 

6. Maintaining the compression with both hands for few seconds (Fig.4D). 
7. Sudden releasing of both hands in a slight backward body (rescuer) motion (Fig.4E) to 

create an immediate rebound effect on internal structures, similar to the appendicitis 
tenderness test. 

8. Preferably, the AED pads will be placed in an anteroposterior position (Fig.5).   
9. Repeating the recoil-rebound maneuvers for 2 minutes, then try a DC shock (50-100J) with 

the victim in nearly supine position. 

 
* Attending Sir Yacoub’s operative sessions at the Royal Brompton and Harefield Hospitals (UK) in the early 90th. 
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10. Return the victim to left recovery position for cardiac massage. To be repeated twice, within 
3-4 intervals. 

 
§ With ROSC, the victim should be maintained in the left recovery Trendelenburg-like position 

with slight release of the abdominal compression, until arrival of professional rescuers to 
transfer him/her to hospitals for further postarrest management. 

§ Without ROSC, continue the 3R/CPR maneuver until arrival of professional rescuers for further 
management (e.g., mechanical ventilation) and transfer the victim to specialized cardiac 
centers. 

 
N.B.  
§ The procedure should not be tried on alive individuals as it may provoke ventricular fibrillation 

(Commotio cordis syndrome).  For example, we had to compress the abdomen, the lower 
intercostal spaces and water bags for the demonstration of the rebound maneuver. 

§ The technique is not suitable for neonates and infants, as long as we can recoil and compress 
the chest properly, e.g., in a circumferential manner (Fig. 6). 

 
Discussion 
 
Compared to current CPR, the proposed 3R/CPR technique can significantly improve outcome of 
SCA victims for several reasons. First, the restoration and maintenance of adequate perfusion of 
vital organs promoting ROSC can be achieved with rational mobilization of stagnant body fluids 
(e.g., blood, air), during cardiac arrest, instead of being shaken vigorously and inconceivably (CFR 
vs. CPR) [30]. For example, in the early onset of SCA, the 3R/CPR refill maneuver can shift a 
massive volume of the stagnant infradiaphragmatic venous capacitance to the cardiothoracic 
compartments to be handled properly with the recoil-rebound processes. However, an optimal 
chest recoil operation must be executed according to the rules of Biomechanics of the thoracic cage 
[51].  Therefore, we must take into account, the cylindrical shell-like thoracic cage, ribs’ 
orientations and their movements on the axis of their attachments between 2 hard and fixed boney 
structures (sternum and spines) helped by the sternocostal, costochondral, costovertebral and 
costotransverse joints (Fig.1A), [52,53]. Accordingly, chest compressions through the 5th 
intercostal space while leaning on the victim body in the left recovery position, can induce a nearly 
circumferential stress (hoop stress) on the cylindrical shell-like thoracic cage in respecting ribs’ 
movements axis, which will be more effective and less traumatic for SCA victims and less 
exhaustive for rescuers. In addition, the left recovery position provides more safety for airway 
management and avoids iatrogenic mistakes by confusing cardiac arrest with similar clinical 
presentations. For example, a bystander who cannot distinguish between unconsciousness, 
cardiogenic shock, or cardiac arrest, can easily feel the heart apex beating his palm in the first two 
conditions (Fig.3D).  
On the other hand, and contrarily to the rules of biomechanics, vigorous mid-sternal chest 
compressions induce deviated longitudinal stress causing the well-known complications of CPR 
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[54-56]. It is important to remind that CPR was adopted at random in the early 1960s, following 
the experiments of William Kouwenhoven, a pioneering engineer and inventor of the electrical 
defibrillator systems [57]. However, morphologically, the chosen animal model (adult dogs) is 
sorely different from humans. For example, in correlation to differences of the cardiotorsal 
anatomy with more obtuse sternocostal angle in dogs, chest compressions are usually performed 
laterally through the left thorax while the dog is placed on a right recumbent position rather than a 
supine position. In addition, dogs have a well-developed coronary collateral network that promotes 
ROSCs most often in canine models, contrarily to high mortality of porcine models [58]. 
 
Therefore, a proper execution of the refill-recoil-rebound processes can enhance chances of ROSC, 
directly by inducing a water hammer-like mechanism with a snapping effect at the internal 
pacemaker cells (ESS mechanism), and indirectly by improving the myocardial perfusion due to 
the increased RV preload. Besides, in our previous study with a low-pressure pulsatile suit device 
[59], we have shown that the RV subendocardial resistance vessels are more sensitive to mediators 
of vasodilatation and endothelium dependent dilators rather than increased transmural coronary 
flow [60-62].  
 
As long as oxygen supply during CPR remains a debated procedure since mouth-to-mouth 
ventilation provides insufficient tidal volume for victims [63], it is best to continue the 3R/CPR 
without interruption until ROSC and / or arrival of professional rescuers for mechanical ventilation 
and transfer the victim to hospitals.  
 
Likewise, due to controversies between chest compression first versus DC shock first remain 
unresolved, we prefer taking the first option for several reasons. First, we remind that a heartbeat 
starts by the action potential at the pacemaker cells of the conducting system of the heart and 
nothing else. Even DC shocks induce the same effect but indirectly through electroporation. So, it 
is fundamental to avoid unnecessary rupture of the very precious pacemaker cells, which constitute 
about 1% of cardiac myocytes. Secondly, we recall that in all circumstances of cardiac arrest there 
is a state of asystole, whether the heart is fibrillated or not (Fig.7A&B), especially since the 
sensitivities of the electrocardiogram systems, even measured by 12 electrodes, remain 
questionable [64]. Third, the immediate ROSC with the first DC shock remains unclear, if not 
vague, in the literature. Therefore, we believe that cardiac tissue must be well perfused first before 
any trial of DC shock, for example, twice after 2 min of 3R/CPR with approximately 2-4 minutes 
intervals. The uncertainty of brain protection is another constate unresolved dilemma as well, 
causing significant neurological damage in most CPR survivors [65]. Alternatively, attempts to 
improve cerebral perfusion with intravenous hypertonic saline and/or nitrates remain controversial 
because of the hemostatic conditions [66-68].  
 
As it is unwise to flog a tired horse (Fig.7C), we believe that early CAD is required in OHCA as it 
is done in heart surgery, even with short aortic cross-clamp time (≤20min), e.g., surgical correction 
of anomalous left coronary artery from the pulmonary artery (ALCAPA). This has been clearly 
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demonstrated through the work of pioneering experts in myocardial protection [69]. In other words, 
the probabilities of reversible brain damage could be obtained once adequate perfusion was 
maintained as early as possible during cardiac arrest. As a symbolic example, represented in (Table 
1) with our experience of four patients with ROSC after more than 30 min of cardiac arrest and had 
significant brain damages according to the intraoperative electroencephalogram (EEG) and/or 
postoperative CT scans reports. Three of them who had underwent open-chest direct cardiac 
massage and then CPB, were fully recovered and discharged from the hospital. One patient who 
had subjected to closed chest cardiac massage (for ≥30 min) before CPB, showed permanent brain 
damage and expired shortly afterward. This may be supported with evidences of postmortem 
cellular viability and variant delay in organs biodegradation [70,71].  
 
Postarrest management  
The therapeutic goal in postarrest patients is to improve hemodynamics, tissue oxygenation and 
cellular metabolism to promote full recovery with restoring endothelial functions e.g., 
angiogenesis-apoptosis interdependency [72]. Maintaining good metabolic processes depend on 
organs’ microcirculation which is controlled by plurality of endothelial mediators of vasodilators 
induced by ESS [73-75]. However, relying on vasopressors to improve hemodynamics may worsen 
endothelial dysfunction conditions by increasing vascular resistances and myocardial oxygen 
consumption, most likely end in organ failure and circulatory assist devices (CAD) requirement.  
 
The association of moderate hypothermia with CPB and ECPR (ECMO), may improve tissue 
oxygenation and neurological damage in IHCA victims [44,76, 77].  However, ECMO (ECPR) 
which is widely recommended for SCA management and CPB remain invasive procedures, 
performed by specialized teamwork available in few cardiac centers. Besides, they provide a 
steady-flow perfusion mode that promotes to endothelial dysfunction complications with 
controversial results [78, 79]. As is known, the encounter of CAD with the circulatory system 
creates vicious circle of endothelial dysfunction and momentum energy losses, manifested 
clinically with the postcardiotomy and post-hemodialysis syndromes [80,81], causing symptoms 
and signs like hemorrhage, thromboembolism, inflammatory response, apoptosis…, until multiple 
organ failure. This may be worsened by suppressing the important role of the respiratory pump as 
a master-key circulatory driving force and a potential generator of ESS. As ventilators with 
endotracheal intubation and neuromuscular blockades transform the respiratory pump into a 
pressurized, immobilized hydraulic circuit, along with their interference with coronary perfusion 
flow [82,83]. 
 
Alternatively, unlike the steady flow of ECPR and conventional CPB, we have demonstrated the 
undeniable crucial role of endogenous endothelial mediators in controlling hemodynamics, 
microcirculation and metabolism with new generations of pulsatile CADs, regardless of cardiac 
conditions: healthy, dysfunctional [84], or even arrested [30]. In addition to the 3R/CPR that can 
improve results of chest compression, we believe that the rapid installation of the CFR device 
regardless to ROSC, can mobilize massive amount of stagnant blood volume (≥4 liters) in a 
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pulsatile noninvasive manner which can globally improve the outcome of SCA. In addition, the 
CFR device’s vest, associated with a passive oxygen insufflation device serves as a noninvasive 
mechanical ventilator with a nasogastric tube could be useful during refractory cardiac arrest and 
in postarrest to prevent excessive ventilation in maintaining the pulmonary ESS [85, 86]. 
 
Prophylaxis    
Trials of predicting and preventing incidents of pathophysiological SCA, are well defined and in 
constant progress in cardiology, e.g., Brugada syndrome [87]. However, we are more concerned 
about the high frequency of physiopathological OHCA during physical exercise. As most of these 
incidents occur due to a momentary disturbed impulses transmission through the conducting system 
of an absolutely healthy heart. A similar phenomenon is occasionally encountered in open-heart 
surgery as ventricular fibrillation may occur even without cardiomyopathy like in-vivo 
experiments, following hasty surgical manipulations. We intend to devote our next work to the 
prophylaxis of SCA in sports, especially since one of our patents (pulsatile combination) has been 
infringed and currently in use by sports elites, but in an unscientific manner that almost does worse 
than good. 
 
Limitations 
Unfortunately, the approval of the 3R/CPR concept cannot be achieved through animal models for 
morphological reasons or on clinical volunteers with the risk of Commotio Cordis. Therefore, we 
had to support our concept with rational and substantial scientific arguments based on clinical 
observations, fundamental medical and biomedical knowledges in organized common senses 
(Thomas Huxley).   
 
Perspectives 
We are planning to continue the development pathway of 3R/CPR, according to recent 
recommendations from the United States Food and Drug Administration [88].  We are planning 
preclinical 3R/CPR versus CPR comparative studies via computational models and/or cadavers 
[89, 90]. According to the FINER criteria for a good research question and the phases of evaluation 
of new therapies, we believe that the 3R/CPR technique is feasible, interesting, novel, ethical and 
relevant [91, 92].  
 
Conclusions  
Current CPR remains inappropriate and insufficient therapeutic concept for SCA victims, linked 
with serious complications and poor outcome. Alternatively, a 3R/CPR technique can overcome 
the three therapeutic barriers of CPR and adapt to thoracic biomechanics promoting potential 
improvement of SCA management. This represents a cost-effective method, suitable for all ages 
and genders. The technique should be combined as soon as possible with an adequate circulatory 
perfusion system, preferably noninvasive. 
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Table  
 
 
 
Tableau 1: Open CPR in patients subjected to ≥ 30 min of cardiac arrest: 

 
Age 
(Sex) Etiology 

CPR 
(invasive) 

DC 
shock CPB Scan EEG Drawbacks Recovery 

1 74y (F) Rupture aortic arch Ö — Ö Ö — Ö Full 
2 3h (M) Congenital aortic sten. Ö — Ö Ö — Ö Full 
3 31y (F) Rupture LV Ö — Ö Ö Ö Ö Full 
4 30y (F) Extracard.* — Ö Ö Ö Ö Ö � 

F = female; M= male; y = years; h: hours (newborn); Sten. = stenosis; LV = left ventricle; *Extracard. = extracardiac 
cause of ventricular fibrillations during thoracoscopic surgery for a pneumothorax in young athletic doctor; CPB = 
cardiopulmonary bypass; EEG = electroencephalogram; Survival = 3 deaths = 1 = n 1 Electric Shock; Ö= yes; — = 
none; � = expired.  
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Figure legends  
 
Fig.1: Right panel (A): Midsternal chest CT scan showing the cardiotorsal anatomy of the shell-
shaped cylindrical thoracic cage of a living adult person. Left panel (B): colored schema of (A), 
showing distances between the heart and the thoracic cage (dashed color); Right atrioventricular 
cavity (blue color); Left atrioventricular cavity (red color); Pulmonary parenchyma (pink color); 
descending thoracic aorta (red color); Green arrows: simulated circumferential (Hoop) stress of 
3R/CPR; Blue arrows: simulated deviated longitudinal stress of CPR chest compressions.  
 
Fig.2: Lifeguard’s drowning report (Ms. G. Tsoungani: 2002-2020), Paleo Faliro, Greece.  
Fig. 3A: Demonstration of a rescue operation. The rescue Tube may serve as a tool for abdominal 
compression at the beginning of the Heimlich maneuver.  
Fig. 3B: Simulation of CPR chest compression by the Lifeguard instructor. N.B. The lifeguard 
could not feel the beating heart of her colleague via the sternum.  
Fig. 3C: Transfer to the left recovery position by the Lifeguard instructor. 
Fig. 3D: Checking if the victim is still alive. N.B. The lifeguard felt very easily the strong heartbeat 
hitting her palm via the 5th intercostal space.   
Fig. 4A: Lifting the presumed SCA victim by the author.  The victim can be lifted effortlessly by 
the waist.  
Fig. 4B: Adjustment of the presumed SCA victim position with both hands and the right thigh in 
the direction of the green arrows.  
Fig. 4C: Induction of a nearly circumferential chest compressions by leaning forward and 
compressing the victim body with both hands, forearms and thighs (green arrows).   
Fig. 4D: Recoil maneuver by maintaining the chest compressions for several second. 
Fig. 4E: Rebound maneuver by abrupt release of chest compressions.  
Fig. 5: AEDs electrodes to be installed in the anterolateral position.  
Fig. 6: Demonstration of chest compressions in neonates and infants.  
 
Fig.7A: Hemodynamics data of induced extracardiac SCA in an asphyxiated pediatric dog. Left 
panel showing asystole state of a knocked-out myocardium. Right panel showing restorations of 
hemodynamics with a CFR device after 30 min of arrest [30].  
Fig.7B: Hemodynamics data of induced cardiac SCA in piglet with 10 mL KCl (IV). Left panel 
showing asystole state with myocardial fibrillations. Right panel showing restorations of 
hemodynamics with a CFR device after 20 min of arrest [86]. ECG: upper red line; Aortic pressure: 
middle green line; Carotid doppler flow: lower blue line. 
Fig. 7C: Hemodynamics data of induced cardiac SCA in piglet with 10 mL KCl (IV). Left panel 
showing baseline. Middle panel showing asystole state of a knocked-out myocardium. Right panel 
showing ROSC with the CFR device after 15 min of arrest. N.B.  A flogged myocardium state that 
that required mechanical assistance. ECG: upper red line; CVP: middle blue line; Aortic pressure: 
lower green line. 
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Fig. 2 
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Fig. 3A 
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Fig. 3B 
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Fig. 3C 
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Fig. 3D 
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Fig. 4A 
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Fig. 4B 
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Fig. 4C 
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Fig. 4D 
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Fig. 4E
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Fig. 5 
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Fig. 6 
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Fig. 7A 
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Fig. 7B 
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Fig. 7C 

 


