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Objectives: Retrograde perfusion into the coronary sinus is currently used to deliver cardioplegia. We
developed an in-vivo porcine beating-heart model of self-myocardial retroperfusion (SMR) using the venous
route to increase myocardial oxygenation of the left ventricle. Then, we sought to assess whether the
association of a simultaneous antegrade and retrograde myocardial perfusion with oxygenated blood might
trigger hemodynamic and cardiac responses compared with a single antegrade myocardial supply.
Methods: A group of 8 pigs was dedicated to undergo SMR with a simultaneous antegrade physiological
LAD perfusion. SMR was achieved with a bypass-line between the ascending aorta and the coronary sinus
to perform a selective retrograde perfusion of the great cardiac vein with oxygenated blood after ligation of
the left azygos vein.

Cardiac output (CO), maximal pressure in the LV (Pmax in-LV), stroke volume (SV), left ventricular
ejection fraction (LVEF), diastolic durations, heart rate (HR), and arterial systemic pressure were monitored
with conductance catheters. These data were collected during the antegrade myocardial perfusion (baseline
period) and compared with data recorded during a simultaneous antegrade and retrograde perfusion. At the
end of the procedures, the hearts were harvested for histology.

Results: SMR with antegrade LAD perfusion showed inotropic properties with significant improvements
in CO, SV, Pmax in-LV and LVEF (p<0.0001) compared with baseline values. Histology confirmed no
signs of tissular injuries.

Conclusions: The selective retrograde perfusion of the great cardiac vein with oxygenated blood combined
with an antegrade physiological LAD perfusion showed obvious capacities to trigger inotropic properties
opening interesting perspectives.

© 2019 Daniel Grandmougin. by Science Repository.

Introduction

Retrograde cardioplegia through the coronary sinus (CS) is used to arrest
and protect the heart during cardiac surgical procedures. The retrograde
route is particularly interesting in the setting of critical coronary stenosis,
severe aortic insufficiency, or other conditions that may alter the
antegrade delivery of cardioplegia [1-3]. Actually, the mode of

delivering cardioplegia depends on the preference of the surgeons, and
retrograde cardioplegia is often combined with antegrade delivery to
enhance the myocardial protection [4]. Additionally, many surgical
reports validated interesting results in redo valvular procedures using a
continuous retrograde perfusion of oxygenated blood via the coronary
sinus, which allows to perform beating-heart valve surgery with
cardiopulmonary bypass (CPB) and decreases the risk of ischemia-
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reperfusion injury [5-7]. Therefore, we hypothesized that cardiac
performances might be improved by a simultaneous antegrade
physiological LAD perfusion combined with a selective retroperfusion
of the great cardiac vein with oxygenated blood arising from the
ascending aorta expected to increase oxygenation of the anterior wall of
the left ventricle. Following preliminary anatomic studies of the porcine
heart, we developed an innovative porcine beating-heart model of self-
myocardial retroperfusion (SMR) of the great cardiac vein with
oxygenated blood (Figures 1A,1B) and sought to assess the
hemodynamic and cardiac responses triggered by a simultaneous
antegrade and retrograde perfusion of the anterior wall of the left
ventricle [8, 9].

Figure 1: lllustrations of the principle of SMR (A) showing the selective
retrograde perfusion of the great cardiac vein (B) with the occluded
LAV. the catheters (C) and the operative view (D).

Materials and Methods

All procedures for animal care and experimentation followed the NIH
guidelines for Animal Research (Guide for the Care and Use of
Laboratory Animal. Eighth Edition. 2011), were in accordance with the
French legislation, and approved by an institutional committee. A total
of 8 pigs (male, weighing 40-45 kg) were allocated for this experimental
protocol.

On the day of the experiment, the pigs were premedicated with an
intramuscular injection of ketamine (20 mg/kg, Virbac, Carros, France)
and midazolam (0.1 mg/kg, Mylan, Saint Priest, France). Anesthesia was
induced by administration of propofol (2.5 mg/kg, B Braun, Melsungen,
Germany) and sufentanil (0.01 mg/kg bolus, Pharmlink, Sweden).
Ventilation anesthesia with isoflurane 3% (lsovet, Axience, Pantin,
France) and continuous intravenous infusion of sufentanil (0.0045
mg/kg/h) were used to maintain anesthesia. After orotracheal intubation,
the pigs were ventilated by assisted volume-controlled mode with a tidal
volume of 8 mL/kg and FiO, of 0.3. At the end of each procedure, the
pigs were euthanized by administering 0.2 ml/Kg pentobarbital
(Exagon® 400 mg/ml Richter Pharma AG) and their hearts were excised
and conserved in 4% formaldehyde solution for histological
examination.

Following anesthesia, transthoracic echographic (TTE) evaluation of
LVEF was performed. After heparinization (10 000 Ul), the left carotid
artery was dissected to introduce a conductance catheter (Millar®) into
the left ventricle (LV) and monitor the cardiac output (CO), left
ventricular ejection fraction (LVEF), stroke volume (SV), maximal
pressure in the left ventricle (Pmax in-LV), diastolic durations (DD), and
heart rate (HR). Acquisition of data with the conductance catheter was
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performed according to specific guidelines [10-13]. Arterial blood
pressure was monitored with a second conductance catheter placed in the
left femoral artery. Median sternotomy and pericardiotomy were
performed to expose the heart. Preload was maintained with crystalloid
fluids to compensate for minor blood loss and urinary output. Gasometry
and electrolytes were regularly monitored and optimized.

Following heparinization (10 000 Ul), ligation of the LAV was
completed and the great vessels were exposed. An antegrade catheter
DLP® 9 Fr (Medtronic, Inc., Minneapolis, USA) was fixed to the
ascending aorta, followed by the placement of a DLP® 15 Fr retrograde
cannula (Medtronic, Inc., Minneapolis, USA) into the CS, and
selectively positioned in the great cardiac vein. Both catheters were
connected together with a Y-shaped adapter perfusion line ready to start
the SMR. To minimize hemodynamic bias, it was decided to not use
inotropic and vasopressor agents. Therefore, the pressure into the in-flow
line of the retrograde perfusion was solely dependent on the arterial
systemic pressure. As previously reported [14], we postulated that the
association of a simultaneous antegrade perfusion with SMR might
increase tissue oxygenation and produce inotropic effects that will
additionally preserve the pressure of SMR. Acquisition of data with
conductance catheters was performed chronologically as follows:
-Period 1 (P1): Baseline period before sternotomy and pericardiotomy
-Period 2 (P2): Baseline period after sternotomy and pericardiotomy
-Period 3 (P3): SMR with antegrade physiological LAD perfusion (SMR
+ LAD+) for at least 30 minutes.

| Histology

At the end of each procedure, hearts were excised and conserved in a 4%
formaldehyde solution for histological examination.

11 Assessment of cardiac Troponin | positivity

Whole heparinized blood samples were collected before sternotomy and
at the end of the procedures and refrigerated at -4°C. Release of Troponin
I was analyzed with the troponin assay OneStep Troponin |
Serum/Whole Blood/Plasma RapiCard™ InstaTest (Diagnostic
Automation/Cortez Diagnostics, Inc., Calabasas, CA, USA). This is a
qualitative test designed to yield a positive result for cardiac troponin |
(cTnl) concentration > 1.5 ng/mL with a specificity of 100%.

111 Statistical analysis

GraphPad Prism version 6.00 for Windows, GraphPad Software, (La
Jolla, California, USA) was used for statistical analysis. Multiple group
comparisons were performed by one-way analysis of variance
(ANOVA). Comparisons between two independent groups were
analyzed using unpaired t test with Welch’s correction. P < 0.05 was
considered statistically significant.

Results

Eight pigs underwent a complete procedure. CO, LVEF, SV, Pmax in-
LV, DD, and HR were successfully monitored during each
predetermined period P1, P2 and P3. The mean duration of simultaneous
antegrade and retrograde perfusion (P3) was 62 minutes (30-120
minutes).
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| Variability of LVEF evaluation

In pigs, the heart is entirely surrounded by pleural cavities [8, 9].
Therefore, the inferior wall of the heart is separated from the diaphragm
by the left pleural cavity, while in humans, it lies directly on the
diaphragm. We hypothesized that this difference might influence the
intrathoracic pressure on the heart and increase the paradoxical septal

[4]
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motion after pericardiotomy, thus affecting the LVEF echographic
evaluation. This was also a major issue while validating the reliability of
the Millar catheter. LVEF was simultaneously evaluated by TTE and
conductance catheter before and after sternotomy (Figure 2A). The
differences observed validated our initial hypothesis, since LVEF
evaluation with conductance catheter was not influenced by sternotomy
and pericardiotomy, and matched the presternotomy echographic values.
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Figure 2 : A. Influence of sternotomy and pericardiotomy on comparative LVEF evaluation with echocardiography and conductance catheter (Millar®). B.

Influence of sternotomy and pericardiotomy on cardiac output (CO).
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Figures 3C, 3D, 3E, 3F: Illustration of individual variability of baseline cardiac parameters (SV, Pmax in-LV, HR, and DD).
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Il Patterns of CO and individual variability of cardiac
parameters

Changes in cardiac shape following pericardiotomy resulted in
spheroidal ventricular morphology due to the loss of the lateral and
diaphragmatic pleural compression that may impair CO. This was
confirmed by an average decrease in CO of 7.51% (Figure 2B). This
result suggests that loss of pleural and lung pressures on the heart reduces
the systolic strength of the left ventricle and has to be considered along
with the myocardial depressive effects of propofol. In addition to
variation in CO, the baseline cardiac parameters that were monitored
demonstrated important individual variations as well (Figures 3A, 3B,
3C, 3D).

111 Hemodynamic parameters

Hemodynamic data were recorded and analyzed during the periods P1,
P2, P3. The (Figure 4) and (Table 1) illustrate the patterns and variations
of CO according to the three periods. Despite individual variations, CO
and cardiac parameters validated common patterns. As previously
observed in the Control group, all procedures confirmed a trend of
decrease in CO after sternotomy and pericardiotomy (P1—P2). Then,
the period P3 rapidly produced inotropic effects characterized by a
significant improvement in CO (mean: 41.37%; SD: 19.94), SV, and
Pmax in-LV (Figure 5).

3500 4 Cardiac Output {mi/min) Cardiac Output (mi/min} Cardiac Output (mumin
4500 15 utput (mimin)
A “ 4s00Cardiac Output (mlimin) Dgl 4500, Cardiac Output (ml/min)
SMR1 SMR 2 SMR3 * SMRS
Pericardiotomy
4000 4000 / % Pericardiotorny
/ -h 4000, f
50 Pericardiotomy 3000) | N vi o / ﬁm
Pericardioto \ / g ‘
eri ::v \) 3800| Pericarciotomy {, ,):-\ ,’ ‘I ?
‘ 3 3500 / - ( "4 asoo| [ .
{ . /P ¢ i
2500 — L 00l | / 2500) o’ o
W ‘ . A . | . ' w.
PR [ SerdsMR o] ol \ 3000 =
L A - Y { S Start of SMR &
t: ) 4 ' “ “Start of SMR
) 8‘? |_Startof SMR 2500 ,}
M e P C ol s [ Start of SMR P1 P2 P3
2000 fo b P3 . N 2000) T —— P1 P2 P3
2500 b0 Pl o P 2500} ¢——o-p
b 2000fe—r ———»
4 3
s %0 45 0 45 90 2000 i L
oo L 2000 a . 1500 ; 15/ A > Minutes
Minutes Minutes Minutes Minutes
iardlaa Output {ml'min) 3000,Cardiac Output (mimin) 6000 Eardiac Output (mlimin)
5000
L 4
SMR6 | Pericardiotomy e Pericafdiutomy SMR7 Pericardiotomy )
o / / M ada el 0
- Ll | -, o oov, 0
5000 fa, NI e / . P 7 G @
- - . L bt o #% o .
“ w0 [ - ® \ ﬁ "J" 5000 i -
\ '
‘: .
4000 \ .t _Stort of SMR .
\ Y
Start of SMR - %' p3 Slan of SMR
2000f— 4000 /
P1 P2 P3 b /
3000 f¢ e - 4
N ’. //
P1 ~* " P3 P3 P3
60 120
35 90 120 1500 . > o 12 Lo 240
2000 - P 3000 -~ >
Minutes Minutes Minutes

Figure 4: Variations of CO according to respective periods, Basal (P1 + P2) and SMR with antegrade physiological perfusion of the LAD (P3). P3 shows

a significant improvement of CO (mean: + 41.37%).

Table 1. Mean Values of Cardiac Output (CO) according to P1, P2 and P3 periods.

SMR 1 SMR 2 SMR 3 SMR 4 SMR 5 SMR 6 SMR 7 SMR 8
P1 240 2.81 3.20 243 3.42 2.81 5.14 5.08
Mean CO
(L/min)
P2 2.15* 2.38* 3.07* 2.10* 2.47* 2.05* 3.28* 4.76*
Mean CO | (-10.4%) (-15.3%) (-4.0%) (-13.6%) (-27.8%) (-26.8%) (-36.19%) (-6.30%)
(L/min) p<0.05 p<0.0001 NS p<0.05 p<0.0001 p<0.0001 p<0.0001 p<0.05
P3 2.82%* 3.14** 4.0%* 2.72%* 3.42%* 3.70** 5.53** 5.73**
Mean CO | (+31.2%) (+32.0%) (+30.3%) (+29.5%) (+38.5%) (+80.50%) (+68.59%) (+20.38%)
(L/min) p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001

* Compared with P1 values
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Figure 6: A. lllustration of individual polymorphism of chronotropic responses. B. Patterns of diastolic durations (DD) showing that antegrade and
retrograde perfusion increase DD simultaneously with positive inotropism.

1V Electrophysiological patterns
In all procedures, we observed no differences between baseline ECG and
ECG during P3. In order to investigate the electrophysiological adaptive

mechanisms involved in variations of CO and SV, we analyzed

J Integr Cardiol Open Access doi: 10.31487/j.JICOA.2019.02.07

variations in both heart rate (HR) in diastolic durations (DD). Thus, P3
showed simultaneous improvements of CO and SV with a moderate
increase of HR (Figure 6A) and immediate significant increase in
diastolic durations (Figure 6B) promoting cardiac filling and therefore
validating adaptative electropysiological responses involved in inotropic
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properties.
V Troponin cutoff levels

None of the blood samples showed positive results, denoting levels of
Troponin | < 1.5 ng/mL.

VI Histology

All hearts revealed moderate superficial hemorrhagic infiltration limited
to the epicardium. Despite the presence of a moderate vascular
congestion and erythrocyte extravasation, neither specific venous
damage nor thrombi were observed.

Discussion

Retrograde delivery of cardioplegia is regularly used by surgeons, with
validated results in specific situations such as aortic insufficiency and
critical stenosis of coronary arteries. However, controversies about the
retrograde route have often been discussed [15, 16]. The major concern
with retrograde cardioplegia is that it may not adequately protect the
right ventricle. In fact, most of these hypotheses result from studies on
dogs that documented inhomogeneous distribution of the cardioplegic
solution in the right ventricle [17]. In dogs, the lesser perfusion of, both,
the septum and the free wall of the right ventricle was due to the presence
of well-developed Thebesian veins in the septum; in pigs, it was due to
the presence of a dominant left azygos vein (LAV) connected to the
coronary sinus and small cardiac veins. In pigs, a large LAV draining
into the CS can dramatically impair the retrograde perfusion, resulting
in malperfusion of the both ventricles [8, 15]. Actually, in humans,
concerns of myocardial protection due to the exclusive use of retrograde
cardioplegia remain mainly theoretical since the venous anatomy is quite
different from that of pigs and, therefore, such route of delivery has been
widely proven in terms of safety and reliability. Additionally, lack of
protection of the right ventricle is probably related to a malposition of
the retrograde catheter into the coronary sinus.

We developed an experimental porcine model of SMR (Self-Myocardial
Retroperfusion) dedicated to increase myocardial oxygenation of the
anterior wall of the left ventricle. This model was designed to use the
retrograde venous route through the coronary sinus. Since no animal can
completely reproduce the human cardiac physiology, the choice of a
relevant model was crucial for our protocol. Significant differences exist
between species with regards to cardiovascular characteristics.
Therefore, in order to approximate the human cardiac system, large
animal models are often required. Due to financial and social pressures
and owing to the greater similarity in coronary anatomy and cardiac
physiology with humans, the pig remains a more favored animal.

Selection of a suitable model does not solely depend on anatomic
similarities. For instance, coronary artery systems of dogs and pigs are
similar to human coronary arteries, but their respective early responses
to ischemia are significantly different because of contrasting
characteristics of collateral circulation as reported by White and Schaper
[8, 18, 19]. Despite individual variations, dogs have a well-developed
coronary collateral circulation, whereas collateralization in pigs,
baboons, and young humans remains quite poor [18-21]. Finally, the
domestic pig remains the most relevant in vivo model to study
myocardial ischemia in humans. The age and the weight of pigs have to

J Integr Cardiol Open Access doi: 10.31487/].JICOA.2019.02.07

be accurate to mimic human cardiac features. First, the age of domestic
pigs usually ranges from 3 to 6 months, which is enough time for the
maturation of the central nervous system regulation of cardiovascular
function [22, 23]. Second, as reported in previous studies, the
relationship between weight of the heart and body weight is crucial in
simulating the human morphology [8, 9]. In humans, the ratio of weight
of the heart to the weight of the body ranges from 0.45 to 0.50. For pigs
weighing less than 50 kg, the ratio is similar to the human range, whereas
for pigs exceeding 50 kg, the ratio dramatically decreases and reaches
0.25 over 100 kg. Finally, domestic pigs weighing less than 50 kg
provide the best approximate human heart.

Developing a model of SMR required a thorough knowledge of cardiac
anatomy in pigs. We previously described a different positioning of the
heart, characterized by an anti-clockwise rotation associated with an
anterior lift-off [8]. This specific cardiac orientation limits access to the
ascending aorta, mandatory to set up the SMR. Additionally, our model
necessitated accurate knowledge of, both, coronary arteries and veins. If
arterial coronary network of swine heart is well known and quite similar
to that of humans despite few minor differences, in contrast, the
importance of the coronary venous return has been poorly understood
and probably underestimated [8, 9]. In human cardiac surgery, the
venous coronary network remains limited to being a route to deliver,
through the CS, a cardioplegic solution to arrest and protect the heart.
Thus, the concept of SMR necessitated a proper understanding of the
coronary venous system to be safely used as a “reverse arterial” route.
Therefore, due to lack of information, we meticulously studied this
system and reported a major difference with human hearts since pigs
have an LAV directly draining into the CS [8, 9]. The diameter of the
LAYV is important compared with that of the adjacent venous structures
such as CS and inferior vena cava, resulting in larger dimensions of the
CS when compared with human anatomy. Therefore, native pressure in
CS is likely to be influenced by the LAV.

It was essential to assess this pressure before and after ligation of the
LAV in order to ensure an efficient retrograde perfusion. We previously
reported a baseline pressure of 50 mmHg with a maximal cut-off
resisting pressure ranging from 120 to 150 mmHg [8]. Finally, resistance
of CS to pressure-induced strain is remarkable. As the venous return
supplied by the LAV is a major component of the blood flow into the
CS, in order to complete the “anatomic humanization” of the swine heart
and achieve selective retrograde perfusion via the great cardiac vein,
occlusion of the LAV was mandatory [8]. The choice of a reliable
method for continuous monitoring of hemodynamic and cardiac
parameters, was a major challenge. Due to specific interactions between
pleural and pericardial cavities, we observed a significant influence of
sternotomy and pericardiotomy on the echographic evaluation of the
LVEF. In contrast, the conductance catheter was not influenced by
surgical access and showed a remarkable reliability for monitoring
hemodynamic and cardiac parameters. As initially hypothesized, the
Millar® methodology confirmed that sternotomy and pericardiotomy
impaired CO. The conductance catheter allowed a simultaneous
recording of CO, SV, Pmax in-LV, HR, and DD, which were considered
to be relevant markers of hemodynamic and cardiac performances.

The concept of SMR originated from several experiences with beating-
heart valve surgery performed under CPB on a cross-clamped and vented
beating heart, mimicking an isolated and non-working perfused heart
model [5-7]. In fact, this beating-heart approach is not new, since
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Lillehei in 1956 reported a case of valvular surgery using venous
retrograde perfusion with oxygenated blood [24]. For a few decades, this
technique remained quiescent because of advances in cardioplegia.
However, a better knowledge of mechanisms of ischemia-reperfusion
injury and correlations with cardioplegic arrest emphasized the
importance of keeping the heart pumping while performing valvular
surgery under CPB. Finally, this approach showed definitive properties
of achieving myocardial perfusion with early recovery in patients with
severely impaired LVEF and an obvious capacity for the venous
retrograde route to achieve reliable myocardial oxygenation [5-7].

Then, on the basis of these previous reports, considering coronary artery
dominance, arterial collaterality, and coronary venous anatomy, we
postulated that contractility of the anterior wall of the left ventricle might
be improved by an additional retrograde perfusion of the great cardiac
vein with oxygenated blood from the ascending aorta. We called this
technique, the SMR. Due to cardiac characteristics in pigs, the
development of the model of SMR required a rigorous surgical learning
curve to safely access the ascending aorta and achieve a selective
retrograde perfusion of the great cardiac vein [8, 9, 25-27]. The capacity
of SMR to produce inotropic effects when associated with a
simultaneous antegrade perfusion, was previously reported by us in a
preliminary experience with OPCAB surgery [14]. However, limited
data were available, and the methodology of monitoring was different
since we had used a Swan-Ganz catheter. Additionally, a previous study
highlighted improved cardiac protection with a combination of
antegrade and retrograde perfusion that enhanced the distribution of
cardioplegia [4].

The results observed in this experimentation confirmed inotropic
properties triggered by simultaneous SMR and antegrade LAD perfusion
supported by electrophysiological adaptations that showed a rapid
increase in diastolic durations increasing cardiac filling with a moderate
chronotropism similar to the effects produced by Levosimendan [28].
We cannot exclude that these adaptations are likely to depend on
paracrine regulations triggered by changes in tissue oxygenation and
patterns of perfusion. Following initiation of the simultaneous antegrade
and retrograde perfusion, a short latency delay before reaching a nominal
threshold was observed, therefore highlighting the importance of an
adequate flow in the line of retroperfusion throughout the early phase.
This point was reinforced by three preliminary experimental
observations showing that, for an arterial systemic pressure of 90 mmHg,
the flow into the retroperfusion line ranged between 392 ml/min and 470
ml/min [8]. These values were similar to the values recommended in
beating heart valve surgery [5-7].

Finally, we assumed that positive inotropism triggered by SMR resulted
from a propensity to improve myocardial oxygenation of the anterior
aspect of a beating left ventricle while being associated with an
antegrade physiological perfusion. This hypothesis is to be investigated
in further studies. Since the principle of SMR is based on the creation of
a left ventricular myocardial perfusion with a reverse oxygenated blood
circulation from the venous system towards the arterial vessels, we
expressed concerns about the incidence of SMR-induced tissular
injuries. Histologic findings supported moderate imperfections of SMR
and showed trivial erythrocyte extravasation and vascular congestion
due to the retrograde course of the perfusion and to a local increase of
the pressure of perfusion. It is quite likely that an experimental model of
chronic SMR might initiate venous modifications that will be further
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investigated in a forthcoming study.

Ultimately, this experimental study initiates discussions for potential
clinical applications of SMR matched with an antegrade physiological
perfusion. Induction of positive inotropism has become a reality in
OPCAB surgery since we currently use SMR to preserve and improve
hemodynamic balance in patients presenting with severe myocardial
ischemia, impaired LVEF, and low CO [14]. Additionally, following
informed consent of patients and ethical clearance, in order to reduce the
severity of ischemia-reperfusion injuries due to cardioplegic arrest, we
successfully combined SMR with CPB to perform beating-heart surgical
revascularization in five patients presenting with acute myocardial
infarction and not eligible for percutaneous angioplasty. Experimental
studies, to investigate the benefits and indications of combined SMR
with ECMO, in cardiogenic shock, might also be of interest. Based on
results of this study, such a combination is likely to promote synergistic
effects: ECMO will restore hemodynamic balance while SMR will
improve myocardial perfusion as coronary perfusion is not supplied by
the retrograde arterial flow of ECMO. Additionally, inotropic effects of
SMR might delay the incidence of pulmonary edema due to the
retrograde arterial inflow from peripheral ECMO. In conclusion,
although the retrograde venous coronary perfusion may be considered as
an old concept, SMR associated with an antegrade physiological
perfusion of the LAD showed interesting Levosimendan-like inotropic
properties [29]. Additionally, this experience opened perspectives to
investigate clinical applications with new experimental protocols.

Key question

The key question will consist in finding the tissular and cellular
mechanisms involved in the trigger of inotropism.

Key findings

The possibility to trigger inotropism effects with a simultaneous
antegrade and retrograde perfusion is a major advance.

Take-home message

Inotropism effects triggered by increasing myocardial oxygenation open
interesting perspectives in both cardiac dysfunction and assistance.
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