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Abstract

In this paper, the uses of Postextrasystolic potentiation (PESP) are introduced and briefly reviewed. These uses
were found to fall into three categories: 1) Actualized applications which are based on empiric studies; 2)
Hypothetical applications which are based on empiric data. 3) Hypothetical applications which are based on
speculation about the generalization of the know mechanism of PESP. It is clear that the PESP phenomenon
continues to provide fertile grounds for application in multiple areas of scientific investigations. Further research into
its mechanism and applications seems to clearly be warranted.

Keywords: Cardiac electrophysiology; Force-frequency relationship;
Postextrasystolic potentiation

Introduction

The phenomenon of postextrasystolic potentiation (PESP), the
increase in contractility of the myocardium of the beat following an
extrasystole, has been studied extensively since its first description over
a hundred years ago [1]. Throughout that period, investigators and
clinicians have sought to use the phenomenon for both diagnosis and
treatment [2]. Recent research has confirmed old uses while presenting
new ones. Consideration of these developments leads to the hypothesis
of additional uses. The purpose of this paper is to review and
introduce:

1. Actualized Applications of PESP Based on Empiric Studies.
2. Hypothetical Applications of PESP Based on Empiric Data.

3. Hypothetical Application of PESP Based on the Generalization of
the Mechanism of PESP.

The PESP phenomenon is made up of the following intervals: S1-S1
interval=basic drive interval, for example, 500 msec; S1-S2
interval=extrasystolic coupling interval (ESI), for example 200 msec;
§2-S3 interval=postextrasystolic interval (PESI), for example, with a
full “compensatory pause’,=800 msec (twice S1-S1). As can be seen in
the figure, the contractility is potentiated from 1000 units to 1500
units.

The standard method of assessing the degree of potentiation is to
calculate the ratio of contractility of the postextasystolic beat to the
basic beat. In the example, this is the ratio of dp/dt of the potentiated
beat to the basic beat: RP=1.5.

Until recently, the mechanism of PESP was largely unknown and
hypothetical. However, extensive research has clarified the excitation-
contraction elements behind the phenomenon, adding new impetus to
research on the phenomenon [3,4].

The fundamental mechanism of PESP is the time-related recovery of
uptake and release of activator calcium from the intracellular storage

site, the sarcoplasmic reticulum (SR). Any factor which affects the
uptake or release of this activator from this site will be manifested in
the degree of potentiation [5]. With an extrasystole (S2), there is
relatively more calcium taken up by the SR than is released, making it
such that the contractility of the following beat (postextrasystolic beat)
(S3) is increased relative to the basic beat (S1).

One feature of the PESP phenomenon which was recognized early is
that the shorter the S1-S2 (extrasystolic interval (ESI) or “coupling
interval”), the greater the degree of potentiation at S3, all other
intervals being equal. This is referred to as the “coupling interval
phenomenon” [2,6]. It is a fundamental feature of PESP. We will see
that it plays a significant role in the application of the phenomenon.
An example of the coupling interval phenomenon is: In the dog (using
Fractional shortening (end diastolic dimension-end systolic
dimension/end diastolic dimension) as the measure of contractility, at
a basic drive cycle (S1-S1) of 429 msec (HR=140), at S1-S2 of 350
msec, ratio potentiation=1.07; at a shorter CI, S1-S2 of 300 msec, ratio
potentiation=1.11; at an even shorter CI, S1-S2 of 250 msec, ratio
potentiation=1.33; at the shortest CI, S1-S2 of 200 msec, ratio
potentiation=1.67; r=0.95. This is a curvilinear inverse relationship:
y=0.00404X + 2.406 (X=Coupling interval (S1-S2)).

Actualized Applications of PESP Based on Empiric
Studies

Detecting myocardial contractile reserve

The PESP phenomenon was early thought to provide information
about myocardial reserve [2]. It was not until the recognition that the
phenomenon is a function of all three intervals making up the
response that this expectation was proven [6].

While it was at first appreciated that the augmentation of
contractility occurred in the normal myocardium, it was soon found
that such a response also occurs in some dysfunctional myocardium
[2]. The most common application of this aspect of PESP has been in
predicting the improvement of depressed function accompanying
myocardial ischemia following revascularization [7].
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More specifically, recent research has shown that ischemic
myopathy falls into three categories: stunned myocardium, hibernating
myocardium and necrotic myocardium [8-20]. Stunned myocardium
refers to myocardial segments which have suffered low coronary
perfusion leading to ischemia in the past but are now receiving normal
perfusion. Hibernating myocardium refers to those myocardial
segments which continue to suffer ischemia and respond by down
regulation of function. There appears to be a continuum from stunning
to hibernation [14]. PESP occurs in both forms of ischemia and
predicts future recovery of function following re-perfusion [7,14].
Necrotic myocardium, being dead, fails to produce force in both a
normal beat and after an extrasystole. This is often called “dyskinetic”
myocardium, indicating that, instead of contracting and thus
shortening, it actually bulges out [20].

Predicting prognosis in ischemic heart disease

In recent studies, Scognamiglio et al. were able to predict the return
of contractile function following a myocardial infarction by exploiting
the coupling interval phenomenon of PESP (introducing an
extrasystole at varying coupling intervals [SI-S2]). Myocardial
segments which potentiated at longer coupling intervals (S1-S2)
recovered spontaneously, thereby predicting a better prognosis than if
a shorter interval was required for potentiation [21,22]. This test
appears to provide a dynamic test which can be used to uncover the
potential of recovery of dysfunctional myocardium.

Approaching the post-MI prognosis from another perspective,
Sinnecker et al. [23,24] measured PESP of arterial blood pressure using
a non-invasive photoplethysmographic device in 941 patients who
survived the acute phase of an MI. They correlated the presence of
what they thought to be PESP to all-cause 5 yrs mortality. PESP was
defined as an increase in postextrasystolic pulse pressure of 3% or
more compared with the mean of subsequent beats. The authors found
a significantly higher mortality risk in patients in whom PESP was
present compared with patients in whom PESP was absent, which is a
counter-intuitive result. This measure of PESP remained a significant
risk predictor after adjusting for left ventricular ejection fraction, the
amount of ventricular premature beats and GRACE (Global Registry
of Acute Coronary Events) score. The mechanism of how PESP is
correlated with a worse prognosis was not made clear. However, there
are several methodological problems with the studies [4]. The most
important criticism is that the intervals making up the PESP response
could not be controlled [6]. Another problem with the studies is that
the PESP response was gauged by comparison of the first
postextrasystolic beat to the subsequent beats. This is a non-standard
way of assessing PESP. What they appear to actually be measuring is
not the value of PESP but the decay of PESP, which would be
equivalent to what has been designated the Recirculated Fraction (RF),
a measure of the amount of activator calcium which is re-circulated
from one beat to another [25]. This is a decaying exponential function
and not the straight-line inverse function seen in the coupling
phenomenon. Such a finding as they report would be consistent with a
poorer prognosis because a reported “potentiation” would actually
represent an increased rate of decay of RE, and thus would predict a
poorer prognosis [25].

PESP and heart rate turbulence

Several recent studies have reported a relationship between PESP
and heart rate turbulence, a parameter which gives some information
about the prognosis of patients with idiopathic dilated cardiomyopathy

[26-31]. Decreased heart rate turbulence is associated with a poor
prognosis. It was found that pronounced PESP suppressed the typical
baroreflex regulation pattern of heart rate variability in hearts with LV
dysfunction. Again, these results might suggest that PESP actually
indicates a poor prognosis, but it should be noted that the studies, by
design, evaluated postextrasystolic potentiation of arterial blood
pressure, rather than ventricular contractility because this is the
physiologic effect which is thought to affect the baroreflex response.
How these results are correlated with PESP of ventricular function is at
present unexamined. Further studies clearly appear to be warranted.

Control of ventricular rate during atrial fibrillation

Coupled pacing (CP), a method for controlling ventricular rate
during atrial fibrillation (AF), consists of a single electrical stimulation
applied to the ventricle after each spontaneous activation. Because of
retrograde conduction to the AV node, the manifest ventricular rate
decreases and CP results in a mechanical contraction rate
approximately one-half the rate during AF. In a canine model of AE,
CP improved cardiac function and only moderately increased
myocardial oxygen consumption, thus increasing cardiac efficiency
[32]. A study in human patients confirmed that the technique reduced
the mechanical contraction rate. The effect on contractility was not
reported [33].

In several studies in canines with chronic atrial fibrillation, coupled
pacing was shown to improve left ventricular contractility. In one
study, a dual chamber pacemaker was programmed in its dual chamber
synchronous pacing (DDD) mode to apply coupled pacing. The AV
interval of the ventricular pacemaker was adjusted to alter the coupled
pacing time delay to intervals ranging from 160 to 220 msec. After
sustained coupled pacing had been applied for 3 to 4 weeks, left
ventricular volumes and contractile rate were significantly reduced and
returned towards the values measured prior to the induction of
persistent AF [34]. It is unclear what the mechanism behind the
improvement is. Tracings suggest a combination of effects: The first is
PESP. An additional beneficial effect is due to “concealed conduction”
of the triggered systole back into the AV node, making it refractory for
further forward propagation of the fibrillatory impulse. What one sees,
then, is regular 1:1 ventricular pacing where the AF waves do not
conduct to the ventricle. How much the improved ventricular
mechanics are due to this regularization of RR intervals [35] rather
than PESP was unclear. In a follow-up study, the same investigators
developed a more elaborate biventricular pacing protocol which
confirmed that the beneficial effect was due to PESP [36]. Again, they
demonstrated an increase in ejection fraction. It seems possible that
such a technique might be applicable in the clinical setting with the use
of biventricular pacing.

PESP and PVC cardiomyopathy

A recent retrospective study reported that, in presumed PVC-
induced cardiomyopathy, the presence of potentiation of post-PVC
systolic blood pressure was a marker for subsequent recovery of LV
ejection fraction after ablation [37,38]. One might initially suspect that
the investigators have merely fortuitously detected those ventricles
with early coupling interval PVCs, leading to potentiation. While these
investigators did not specifically address the relationship of
cardiomyopathy to coupling interval of the PVC, other studies have
not found such an association [39-41]. Follow-up studies will want to
address the association of coupling interval of the PVC with
potentiation and recovery post-ablation.
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The finding that PESP predicted recovery from cardiomyopathy
post-ablation might suggest that the mechanism of PVC
cardiomyopathy is not related to the EC-coupling elements which
affect PESP (uptake and release of calcium by and from the SR).
However, this result appears to conflict with those studies previously
reported which suggest abnormalities in EC-coupling in tachycardia-
mediated cardiomyopathy [42-44]. Alternatively, the presence of PESP
might indicate an early compensatory phase of the development of the
cardiomyopathy before the development of the failure phase. This
would be consistent with the natural history of rapid pacing induced
dilated cardiomyopathy and heart failure [45].

If confirmed, this study would have great significance because of the
wide-spread nature of PVCs in the population. Coupling this study
with the technique of prospective induction of PESP [46,47] might
develop into a meaningful diagnostic test for the selection of patients
with PVCs and cardiomyopathy who should be considered for
ablation.

Force-frequency pacing: paired pacing and non-excitatory
stimulation (NES) to treat myocardial dysfunction paired-
pacing

Since the mid-20™ century, there has been considerable interest in
the utilization of PESP for the treatment of heart failure by the
application of PESP as repetitive coupled extrasystoles programmed to
occur following each basic beat, called “coupled pacing” or “paired
pacing” [2]. Since that report, there have appeared several preliminary
studies reporting the application of the technique to patients with
heart failure [48-51]. Prior to these reports, the major concerns of
applying paired pacing were: (i) the difficulty of weaning the failing
ventricle from paired pacing, (ii) the increase in oxygen consumption,
(iii) the increased risk of the development of ventricular arrhythmias,
and (iv) the risk of increasing ventricular failure. None of these
problems was manifest in these studies. All of the investigations
showed that paired pacing improved left ventricular hemodynamics
and increased contractility. Furthermore, myocardial oxygen
consumption was not increased [48]. No adverse effects were reported,
although the studies were preliminary and of short-term duration.
Close examination of the protocols of the studies reveals that there are
possibilities of enhancing the results with creative programming of the
intervals involved. The results are certainly promising enough to
warrant further study. Also, given what has been found in the
application of PESP in various etiologies of cardiomyopathy, it is clear
that the careful selection of the appropriate patients for these studies is
increasingly important.

Non-excitatory stimulation (NES)

Electrical stimulation of the myocardium during the refractory
period can also result in an increase in contractility [2,52]. The change
in contractility is a function of the amplitude and polarity of the
stimulation and the location of the stimulating electrodes [53-55]. The
stimulation is not conducting, it does not depolarize the myocardium,
and is referred to as “non-excitatory stimulation” (NES). Over the
course of the last few years there have been multiple studies of an
implantable device which applies NES to the ventricles [56-100]. The
proprietary device is called “OPTIMIZER” and the result is referred to
as “Cardiac Contractility Modulation,” or CCM. The device has been
shown to improve functional capacity, quality of life and parameters of
myocardial contractility. Beneficial effects have been reported on
morbidity and mortality in heart failure patients [95,97,98]. Chronic

changes accruing to CCM include reversion from fetal to adult gene
expression profiles in the heart, improved calcium handling,
restorative ventricular remodeling, and improved cardiac function
[88]. The 2016 ESC/HFA guidelines considers CCM to be worthy of
consideration in selected patients with heart failure. This is based on a
demonstrated improvement in exercise tolerance and quality of life
(86].

While there have been multiple studies to determine the
mechanism(s) of action of the CCM device, at present, it has not been
conclusively shown that the effective function of the device is
substantially different from what would be expected from PESP with
the CI phenomenon carried to the extreme of introducing the extra
stimulus within the refractory period. Basic studies have shown that
the experimental permutations which affect the features of EC-
coupling known to be associated with PESP affect NES similarly, and
in the same direction. That is, the augmentation by NES is abolished by
caffeine and by decreasing the inflow of calcium via sodium/calcium
exchange (NCX); it is blunted by exposure to ryanodine and by the
calcium channel blocker, verapamil [59,64,66,75,83]. Clearly, NES
leads to improved SR calcium uptake, as does PESP. To clearly
distinguish the two, more basic studies with direct comparisons of all
of the intervals involved will be required. Some of the proprietary data
about the OPTIMIZER will have to be shared for such studies to be
carried out. It seems important for these studies to be undertaken
because of the voluminous literature about PESP which would be
available when extending the clinical application of NES [92].

Hypothetical Applications of PESP Based on Empiric
Data

PESP of atria to augment pre-load

A recent study demonstrated PESP of the atria with paired pacing
which resulted in an augmentation of LV systolic performance by
affecting an increase in LV preload [99]. The presence of PESP is not
surprising given the extensive presence of sarcoplasmic reticulum in
atrial myocytes [100]. One might expect that this atrial PESP might be
programmable in a pacing device for beneficial augmentation of
ventricular function.

Use of LV PESP to augment the treatment of heart failure
with preserved ejection fraction (HFpEF)

In HFpEEF, systolic function is normal but there is increased diastolic
pressure during relaxation. The ventricle become stiff and cannot relax.
The filling pressure increases even further during exercise, causing the
symptoms of heart failure. Medications that help improve outcomes in
systolic heart failure have unfortunately not worked in HFpEE Thus,
the treatment remains largely empiric. On the other hand, the issue of
ventricular relaxation following an extrasystole is fraught with
confusion [2]. One recent study, however, looked at this issue in more
detail and showed that failing hearts showed potentiated relaxation
following an extrasystole, compared to a non-failing heart [101]. This
finding seems to warrant further investigations, particularly to
determine if this might be a factor to be exploited in the application of
the devices being tested to treat heart failure. This result could have
significant bearing on the utilization of a Force-frequency device
(paired-pacing, NES) on heart failure with preserved ejection fraction
(HFpEF) [102].
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Use of LV PESP to predict the response to force-frequency
pacing in myocardial dysfunction

As noted under new uses of PESP, Force-frequency pacing (Paired
pacing and non-excitatory stimulation (NES)) have been shown to
augment contractility in myocardial dysfunction [48-100]. However,
recent studies have shown that some cardiomyopathies do not respond
to PESP with augmentation of contractility. In other words, there is no
PESP. So it would be important to know which cardiomyopathies do,
and which do not, show PESP following an extrasystole.

Table 1 lists non-ischemic cardiomyopathies which have been
reported to respond to an extrasystole with PESP. To this list could be
added ischemic cardiomyopathy when the myocardium is either
stunned or hibernating. From these results, it would appear that these
cardiomyopathies might be expected to benefit from Force-frequency
pacing (Paired pacing or NES).

Cause of CM Response to PESP Reference
Autonomic Nervous System Dysfunction Abn Autonomic NS Present [103-105]
Taurine Depletion Decr. Actin/myosin Present [106]
Chagas disease Microvasc. Abn Present [107-109]
Calcium Overload Incr.SERCA2A Incr.RF [110]

Table 1: Non-ischemic cardiomyopathies which have been reported to respond to an extrasystole with PESP. Abn: Abnormal; Incr: Increased; NS:

Nervous System; Microvasc: Microvascular; RF: Recirculated Fraction.

Table 2 lists cardiomyopathies which have been reported to fail to
augment contractility following an extrasystole or responded with
decreased function. Again, theoretically, these cardiomyopathies would
not be expected to respond optimally to Force-frequency pacing. These
results do not necessarily mean that these cardiomyopathies will not

respond at all to Force-frequency pacing, since the context of the study
in which PESP was tested was not controlled. These results may merely
mean that the degree of myocardial dysfunction has progressed
beyond the threshold where PESP was operative, as has been reported
with prolonged hibernation in ischemic cardiomyopathy [8,9].

Cause of CM Response to PESP Reference

Bartter’s Syndrome Abn Ca homeostasis Absent [111,112]
Profound Catecholamine Stimulation: Takotsubu | SR Ca depletion Absent [113,114]
Carnitine deficient cardiomyopathy Abn. Mito, SR Absent [115]
Cyclopiazonic acid cardiomyopathy Abn. SR Ca uptake Decr.RF [116,117]
Tachycardia- induced cardiomyopathy Abn.SR uptake/release Abn MRC [42-44]
Doxorubicin cardiomyopathy Abn. SR release Absent [118,119]
Hypertrophic cardiomyopathy Decr. SERCA2A Decr RF [120-122]
Cyclosporine Incr.Ca release Decr PESP [123]

Table 2: List of cardiomyopathies which have been reported to fail to augment contractility following an extrasystole or responded with decreased
function. Abn: Abnormal; Incr: Increased; Decr: Decreased; Mito: Mitochondria; Microvasc: Microvascular; RF: Recirculated Fraction; SR:

Sarcoplasmic Reticulum; MRC: Mechanical Restitution of Contractility.

Furthermore, from these results, it is clear that abnormal handling
of calcium by the SR is the prominent EC-coupling element associated
with the loss of PESP. These studies, do not, however, conclusively rule
out other elements of EC-coupling being affected in the
cardiomyopathy, since more rigorously detailed investigations would
be required for such a conclusion.

Use of LV PESP to guide cancer therapy

Cardiovascular disease represents the main competing cause of
death in cancer survivors [124]. Moreover, one of the major causes of
cardiovascular mortality in cancer survivors is left ventricular
dysfunction secondary to the treatment of the cancer with

anthracycline drugs, one of which is doxorubicin [125]. The standard
method of monitoring the cancer treatment with doxorubicin is to
follow the echocardiogram for evidence of myocardial dysfunction
prior to and during the course of therapy [126].

We have seen earlier (Table 2) that the cardiomyopathy associated
with doxorubicin does not respond to PESP, which is thought to be due
to abnormal release of calcium from the SR. However, anthracycline
cardio toxicity is strongly dose-related [125] and the conditions of
these studies of PESP with doxorubicin cardiomyopathy were not
strictly correlated with the clinical situation. Presumably, the absent
PESP response is that which develops after a full course of therapy,
after the full-blown cardio toxicity has become manifest. One might
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hypothesize that the PESP response could be studied at earlier stages of
treatment to predict early cardiomyopathy before the condition
becomes irreversible.

Additionally, again theoretically, one could perhaps implant one of
the Force-frequency pacemakers before there is the loss of PESP. This
might delay the onset of cardiomyopathy and possibly even allow the
use of higher doses of anthracycline.

Use of LV PESP to predict the degree of obstruction in
hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy (HCM) is the most common
hereditary disease of the heart [127]. The disease is characterized by
excessive thickening of the left ventricular myocardium. There are two
types of HCM: a more common, obstructive type in which there is left
ventricular outflow obstruction (HOCM) and a less common, non-
obstructive type (HNCM). The obstruction can be reliably quantified
using Doppler echocardiography by determining the increased systolic
flow velocities in the left ventricular outflow tract or by calculating the
pressure gradients at catheterization. Provocation of obstruction is
mandatory and can be induced by postextrasystolic potentiation,
which is known as the “Brockenbrough sign” [128].

One might reliably speculate that, since there is an indirect
relationship between the coupling interval and the PESP, varying the
coupling interval of the extrasystole (S1-S2) would result in a variable
and predictable degree of obstruction. The curve generated by such a
technique might provide information regarding the degree of
obstruction as well as provide information about prognosis and
indications for surgical or ablative therapy.

Hypothetical Application of PESP Based on the
Generalization of the Mechanism of PESP

Use of PESP and other pacing modalities to augment the
function of other organs or systems

Building on the observations that the potentiation associated with
PESP, including other patterns of electrical stimulation, as well as Non-
excitatory Stimulation (NES), leads to the modulation of the
intracellular calcium which produces the functional output, recently
there have appeared several proposals which seek to exploit this
phenomenon in systems other than the cardiovascular system. The
systems to be augmented include the neurological system [129], the
endocrine system (blood glucose level control) [130], intracellular
calcium control [131], gastrointestinal system (gastrointestinal motility
stimulation) [132] and genetic system (modify gene expression [133]).
Even non-biological systems have come to be considered to be
potentially enhanced by modifying the electrical stimulation pattern
(touch detector for a digitizer [134]). There are at present no specific
empiric data to support such applications Future studies to confirm or
deny these hypothetical applications of the force-frequency
relationship appear to be warranted.

Conclusion

In this paper, the uses of PESP have been introduced and reviewed.
These uses were found to fall into the two categories of: actualized
applications derived from empiric studies which support the
application and hypothetical applications which are derived from the
application of the phenomenon in empiric studies. Further research

into the mechanism and applications of PESP seems to clearly be
warranted because of the recent observations of successful applications
in clinical medicine.

References
1. Langendorf O (1898) Uentersuchungen am  Ueberlebenden
Saeugethierherzen. 1L Abhandlung, Vorubergehende

Unregelmaessigkeiten des Herzschlages und ihre Ausgleichung. Pflueger
Arch Physiol 70: 473-486.

2. Cooper MW (1993) Postextrasystolic potentiation. Do we really know
what it means and how to use it? Circulation 88: 2962-2971.

3.  Bers DM (2002) Cardiac excitation-contraction coupling. Nature 415:
198-205.

4. Sprenkeler D, Vos M (2016) Post-extrasystolic Potentiation: Link between
Ca2+ Homeostasis and Heart Failure? Arrhythmia & Electrophysiology
Rev 5: 20-26.

5. Bers DM (2001) Excitation Contraction-Coupling and Cardiac
Contractile Force. Second Edition Boston: Kluwer.

6. Cooper MW, Lutherer LO, Lust RM (1982) Postextrasystolic Potentiation
and Echocardiography: The Effect of Varying Basic Heart Rate,
Extrasystolic Coupling Interval and Postextrasystolic Interval. Circulation
66:771-776.

7. Cooper MW, Lutherer LO, Stanton M, Lust R (1986) Postextrasystolic
potentiation: Regional wall motion before and after revascularization. Am
Heart ] 11: 334-339.

8. Conti CR (1991) The stunned and hibernating myocardium: a brief
review. Clin Cardiol 14: 708-712.

9. Tubau J, Rahimtoola H (1992) Hibernating Myocardium. A Historical
Perspective. Cardiovasc Drugs Ther 6: 267-271.

10. PFerrari R, La Canna G. Giubbini R, Alfieri O, Visioli O (1992)
Hibernating myocardium in patients with coronary artery disease:
identification and clinical importance. Cardiovasc Drugs Ther 6: 287-293.

11. Heusch G, Schultz R, Rahimtoola S (2005) Myocardial hibernation: a
delicate balance. Am ] Physiol Heart Circ Physiol 288: 984-999.

12.  Mubagwa K (1995) Sarcoplasmic reticulum function during myocardial
ischaemia and reperfusion. Cardiovasc Res 30: 166-175.

13. Ehring T, Heusch G (1991) Postextrasystolic potentiation does not
distinguish ischaemic from stunned myocardium. Pfluegers Arch 418:
453-461.

14. Heyndrickx G (200) PRO: Stunning and Hibernation: Two Faces of the
Same Disease. ] Clinical and Basic Cardiology 3: 141-142.

15. Kloner RA, Przyklenk K, Patel B (1989) Altered myocardial states. The
stunned and hibernating myocardium. Am J Med 86: 14-22.

16. Schaefer S, Heusch G (1990) Recruitment of a time-dependent inotropic
reserve by postextrasystolic potentiation in normal and reperfused
myocardium. Basic Res Cardiol 85: 257-269.

17. Kloner RA, Przyklenk K (1991) Stunned and Hibernating Myocardium.
Annu Rev Med 42: 1-8.

18. Sonntag H, Hoeft A, Stephan H (1991) Myocardial Metabolism in
Hibernating and Stunned Myocardium. Curr Opin Anaesthesiol 4: 461.

19. Baker WB, Klein MS, Reardon M]J, Verani MS, Zoghbi WA (1991)
Reversible cardiac dysfunction (hibernation) from ischemia due to
compression of the coronary arteries by a pseudoaneurysm. N Engl JMed
325:1858-1861.

20. Chen G, Askenase AD, Chen K, Horowitz LN, Segal BL (1992) The
contraction of stunned myocardium: isovolumetric bulging and wasted
ejection shortening in dog heart. Cardiovasc Res 26: 115-125.

21. Scognamiglio Rn, Negut C, Palisi M (2003) Spontaneous recovery of
myocardial asynergic segments following acute myocardial infarction.
The role of post-extrasystolic potentiation echocardiography in the
predischarge evaluation. Eur ] Echocardiogr 4: 135-140.

22. Shinkel A, Poldermans D (2003) Guest Editorial: Post-Extrasystolic
Potentiation: A Viable Viability Test. Eur ] Echocardiography 4: 79-80.

J Clin Exp Cardiolog, an open access journal
ISSN:2155-9880

Volume 9 « Issue 9 « 1000604


https://www.ncbi.nlm.nih.gov/pubmed/7504591
https://www.ncbi.nlm.nih.gov/pubmed/7504591
https://doi.org/10.1038/415198
https://doi.org/10.1038/415198
https://doi.org/10.15420/aer.2015.29.2
https://doi.org/10.15420/aer.2015.29.2
https://doi.org/10.15420/aer.2015.29.2
https://doi.org/10.1038/415198a
https://doi.org/10.1038/415198a
https://doi.org/10.1161/01.CIR.66.4.771
https://doi.org/10.1161/01.CIR.66.4.771
https://doi.org/10.1161/01.CIR.66.4.771
https://doi.org/10.1161/01.CIR.66.4.771
https://doi.org/10.1002/clc.4960140903
https://doi.org/10.1002/clc.4960140903
https://doi.org/10.1007/BF00051149
https://doi.org/10.1007/BF00051149
https://www.ncbi.nlm.nih.gov/pubmed/1637735
https://www.ncbi.nlm.nih.gov/pubmed/1637735
https://www.ncbi.nlm.nih.gov/pubmed/1637735
https://doi.org/10.1152/ajpheart.01109.2004
https://doi.org/10.1152/ajpheart.01109.2004
https://www.ncbi.nlm.nih.gov/pubmed/7585801
https://www.ncbi.nlm.nih.gov/pubmed/7585801
https://www.ncbi.nlm.nih.gov/pubmed/1891337
https://www.ncbi.nlm.nih.gov/pubmed/1891337
https://www.ncbi.nlm.nih.gov/pubmed/1891337
https://www.ncbi.nlm.nih.gov/pubmed/2644829
https://www.ncbi.nlm.nih.gov/pubmed/2644829
https://www.ncbi.nlm.nih.gov/pubmed/2383219
https://www.ncbi.nlm.nih.gov/pubmed/2383219
https://www.ncbi.nlm.nih.gov/pubmed/2383219
https://doi.org/10.1146/annurev.me.42.020191.000245
https://doi.org/10.1146/annurev.me.42.020191.000245
https://doi.org/10.1056/NEJM199112263252606
https://doi.org/10.1056/NEJM199112263252606
https://doi.org/10.1056/NEJM199112263252606
https://doi.org/10.1056/NEJM199112263252606
https://www.ncbi.nlm.nih.gov/pubmed/1571931
https://www.ncbi.nlm.nih.gov/pubmed/1571931
https://www.ncbi.nlm.nih.gov/pubmed/1571931
https://www.ncbi.nlm.nih.gov/pubmed/12749875
https://www.ncbi.nlm.nih.gov/pubmed/12749875
https://www.ncbi.nlm.nih.gov/pubmed/12749875
https://www.ncbi.nlm.nih.gov/pubmed/12749875
https://doi.org/10.1053/euje.2003.0653
https://doi.org/10.1053/euje.2003.0653

Citation:

10.4172/2155-9880.1000604

Cooper MW (2018) Uses of Postextrasystolic Potentiation (PESP): The Actual and Hypothetical. J Clin Exp Cardiolog 9: 604. doi:

Page 6 of 8

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sinnecker D, Dirschinger R, Barthel P, Mueller A, Morley-Davies A, et al.
(2014) Postextrasystolic blood pressure potentiation predicts poor
outcome of cardiac patients. ] Am Heart Assoc 3: €000857.

Sinnecker D, Barthel P, Huster K, Mueller A, Gebhardt J, et al. (2015)
Force-interval relationship predicts mortality in survivors of myocardial
infarction with atrial fibrillation. Int J Cardiol 182: 315-320.

Juggi JS (1996) Recirculation fraction of the activator Ca2+: index of the
extent of Ca2+ loading of rat myocardium during ischemia-reperfusion.
Can J Physiol Pharmacol 74: 116-123.

Davies LC, Francis DP, Ponikowski P, Piepoli ME, Coats AJS (2001)
Relation of heart rate and blood pressure turbulence following premature
ventricular complexes to baroreflex sensitivity in chronic congestive heart
failure. Am J Cardiol 87: 737-742.

Voss A, Baier V, Schumann A, Hasart A, Reinsperger E et al. (2002)
Postextrasystolic regulation patterns of blood pressure and heart rate in
patients with idiopathic dilated cardiomyopathy. ] Physiol 538: 271-278.
Voss A, Baier V, Hopfe J, Schirdewan A, Leder U (2002) Heart Rate and
Blood Pressure Turbulence-Marker of the Baroreflex Sensitivity or
Consequence of Postextrasystolic Potentiation and Pulsus Alternans? Am
] Cardiol 89: 110-111.

Savelieva I, Wichterle D, Harries M, Meara M, Camm AJ, et al. (2003)
Heart rate turbulence after atrial and ventricular premature beats:
relation to left ventricular function and coupling intervals. Pacing Clin
Electrophysiol 26: 401-405.

Wichterle D, Melenovsky V, Simek J, Malik ], Malik M (2006)
Hemodynamics and autonomic control of heart rate turbulence. J
Cardiovasc Electrophysiol 17: 286-291.

Segerson NM, Wasmund SL, Abedin M, Pai RK, Daccarett M, et al.
(2007) Heart Rate Turbulence Parameters Correlate with Post-Premature
Ventricular Contraction Changes in Muscle Sympathetic Activity. Heart
Rhythm 4: 284-289.

Yamada H, Mowrey KA, Popovic Z, Kowalewski W], Martin DO, et
al. (2004) Coupled Pacing Improves Cardiac Efficiency During Acute
Atrial Fibrillation With and Without Cardiac Dysfunction. Am J Physiol
Heart Circ Physiol 287: H2016-H2022.

Kardos A, Abraham P, Mihalcz A, Foldesi C, Szili-Torok T (2012)
Coupled Pacing Controls Rapid Heart Rates Better Than Paired Pacing
During Atrial Fibrillation. Europace 14: 481-485.

Yanulis GE, Lim P, Ahmad A, Popovic ZB, Wallick DW (2008) Coupled
Pacing Reverses the Effects of Persistent Atrial Fibrillation on the Left
Ventricle. Ann Thorac Surg 86: 984-987.

Clark DM, Plumb V], Epstein AE, Kay GN (1997) Hemodynamic Effects
of an Irregular Sequence of Ventricular Cycle Lengths during Atrial
Fibrillation. JACC 30: 1039-1045.

Lim P, Yanulis GE, Verhaert D, Greenberg NL, Grimm RA, et al.
(2010) Coupled Pacing Improves Left Ventricular Function During
Simulated Atrial Fibrillation Without Mechanical Dyssynchrony.
Europace 2010 12: 430-436.

Krishnan B, Sankar A, Anand I, Adabag S, Li JM, et al. (2017) Post-
Extrasystolic Potentiation as a Predictor of Recovery of Left Ventricular
Dysfunction After Radiofrequency Catheter Ablation. JACC Clin
Electrophyiol 3: 1283-1291.

Mulpuru SK, Witt CM (2017) Post-Extrasystolic Potentiation for
Individualizing Care of Premature Ventricular Contraction-Induced
Cardiomyopathy. JACC Clin Electrophysiol 3: 1292-1295.

Del Carpio Munoz F, Syed FF, Noheria A, Cha YM, Friedman PA, et al.
(2011) Characteristics of Premature Ventricular Complexes as Correlates
of Reduced Left Ventricular Systolic Function: Study of the Burden,
Duration, Coupling Interval, Morphology and Site of Origin of PVCs. J of
Cardiovas Electrophysiol 22: 791-798.

Kawamura M, Badhwar N, Vedantham V, Tseng ZH, Lee BK, et al. (2014)
Coupling Interval Dispersion and Body Mass Index Are Independent
Predictors of Idiopathic Premature Ventricular Complex-Induced
Cardiomyopathy. ] Cardiovasc Electrophysiol 25: 756-762.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Lee GK, Klarich KW, Grogan M, Cha YM (2012) Premature Ventricular
Contraction-Induced ~ Cardiomyopathy: A Treatable Condition.
Circulation 5: 229-236.

Prabhu SD, Greeman GL (1995) Postextrasystolic Mechanical Restitution
in Closed-Chest Dogs: Effect of Heart Failure. Circulation 92: 2652-2659.
Neumann T, Ravens U, Heusch G (1998) Characterization of excitation-
contraction coupling in conscious dogs with pacing-induced heart failure.
Card Res 37: 456-466.

Perreault CL, Shannon RP, Komamura K, Vatner SE Morgan JP (1992)
Abnormalitites in Intracellular Calcium Regulation and Contractile
Function in Myocardium From Dogs With Pacing-Induced Heart Failure.
] Clin Invest 89: 932-938.

Gopinathannair R, Etheridge SP, Marchlinski FE, Spinale FG, Lakkireddy
D, et al. (2015) Arrhythmia-induced Cardiomyopathies: Mechanisms,
Recognition, and Management. ] Am Coll Cardiol 66: 1714-1728.
Scognamiglio R, Fasoli G, Nistri S, Miorelli M, Firgato N, et al.
(1993) Silent Ischemia and Loss of Reversible Myocardial Dysfunction
Following Myocardial Infarction. Clin Cardiol 16: 654-659.

Scognamiglio R, Nistri S, Fasoli G, Frigato N, Miorelli M, et al. (1992)
Reversible and Irreversible Left Ventricular Dysfunction after Acute
Myocardial Infarction. ] Cardiovasc Pharmacol 20: S68-S82.

Lieberman RA, Yee R, Shorofsky S, Foreman B, Thibault B, et al. (2008)
Acute Hemodynamic Response to Dual Coupled Pacing in Heart Failure
Patients — Impact of LV vs. RV Stimulation. ] Card Fail 14: S58.
Freudenberger R, Aaron M, Krueger S, Labeau M, Kleckner K, et al.
(2008) Acute Electromechanical Effects of Atrioventricular Coupled
Pacing in Patients With Heart Failure. ] Card Fail 14: 35-40.

Stegemann B, Mihalcz A, Foeldesi C, Vatasescu R, Kardos A, et al. (2011)
Extrasystolic Stimulation With Bi-Ventricular Pacing: An Acute
Haemodynamic Evaluation. Europace 13:1591-1596.

Bremont C, Lim P, Elbaz N, Damy T, Gueret P, et al. Cardiac
Resynchronization Therapy Plus Coupled Pacing Improves Acutely
Myocardial Function in Heart Failure Patients. PACE 37: 803-809.

Wood E, Heppner R, Weidmann S (1969) Inotropic Effects of Electric
Currents: I. Positive and Negative Effects of Constant Electric Currents or
Current Pulses Applied During Cardiac Action Potentials. II. Hypothesis:
Calcium Movements, Excitation-Contraction Coupling and Inotropic
Effects. Circ Res 24: 409-445.

Blinks JR (1966) Field Stimulation as a Means of Effecting the Graded
Release of Autonomic Transmitters in Isolated Heart Muscle. ] Pharmacol
Exp Ther 151: 221-235.

Euler DE (1980) Release of Autonomic Neuromediators by Local
Ventricular Electrical Stimulation. Am J Physiol Heart Circ Physiol 238:
794-800.

Mohri S, H KL, Dickstein M, Mika Y, Shimizu J, et al. (2002) Cardiac
Contractility Modulation by Electric Currents Applied During the
Refractory Period. Am J Physiol Heart Circ Physiol 282: H1642-H1647.
Dorn GW 2nd, Molkentin JD (2004) Manipulating Cardiac Contracility
in heart Failure: Data From Mice and Men. Circulation 109: 150-158.
Meyer C, Rana O, Saygili E, Gemein C, Becker M, et al. (2010)
Augmentation of Left Ventricular Contractility by Cardiac Sympathetic
Neural Stimulation. Circulation 121: 1286-1294.

Hess GL, Zuperku EJ, Coon, RL, Kampine JP (1974) Sympathetic Afferent
Nerve Activity of Left Ventricular Origin. American ] Physio 227:
543-546.

Terrar D, White E (1989) Mechanism of Potentiation of Contraction by
Depolarization During Action Potentials in Guinea-Pig Ventricular
Muscle. Quarterly J of Experimental Physiology 74: 355-358.

Antoni H, Jacob R, Kaufmann R (1996) Mechanische Reaktionen des
Frosch- und Saeugetiermyokards bei Veraenderung der Aktionspotenital
- Dauer durch konstante Gelichstromimpulse. Pfluegers Arch 306: 33-57.
Kaufmann R, Antoni H, Hennekes R, Jacob R, Kohlhardt M, et al.
(1971)Mechanical response of the Mammalian Myocardium to
Modifications of the Action Potential. Cardiovascular Research Suppl I:
64-70

J Clin Exp Cardiolog, an open access journal
ISSN:2155-9880

Volume 9 « Issue 9 « 1000604


https://doi.org/10.1161/JAHA.114.000857.
https://doi.org/10.1161/JAHA.114.000857.
https://doi.org/10.1161/JAHA.114.000857.
https://doi.org/10.1016/j.ijcard.2015.01.018
https://doi.org/10.1016/j.ijcard.2015.01.018
https://doi.org/10.1016/j.ijcard.2015.01.018
https://www.ncbi.nlm.nih.gov/pubmed/8963947
https://www.ncbi.nlm.nih.gov/pubmed/8963947
https://www.ncbi.nlm.nih.gov/pubmed/8963947
https://www.ncbi.nlm.nih.gov/pubmed/11249893
https://www.ncbi.nlm.nih.gov/pubmed/11249893
https://www.ncbi.nlm.nih.gov/pubmed/11249893
https://www.ncbi.nlm.nih.gov/pubmed/11249893
https://www.ncbi.nlm.nih.gov/pubmed/11773334
https://www.ncbi.nlm.nih.gov/pubmed/11773334
https://www.ncbi.nlm.nih.gov/pubmed/11773334
https://www.ncbi.nlm.nih.gov/pubmed/12687854
https://www.ncbi.nlm.nih.gov/pubmed/12687854
https://www.ncbi.nlm.nih.gov/pubmed/12687854
https://www.ncbi.nlm.nih.gov/pubmed/12687854
https://doi.org/10.1111/j.1540-8167.2005.00330.x
https://doi.org/10.1111/j.1540-8167.2005.00330.x
https://doi.org/10.1111/j.1540-8167.2005.00330.x
https://doi.org/10.1016/j.hrthm.2006.10.020
https://doi.org/10.1016/j.hrthm.2006.10.020
https://doi.org/10.1016/j.hrthm.2006.10.020
https://doi.org/10.1016/j.hrthm.2006.10.020
https://doi.org/10.1152/ajpheart.00347.2004
https://doi.org/10.1152/ajpheart.00347.2004
https://doi.org/10.1152/ajpheart.00347.2004
https://doi.org/10.1152/ajpheart.00347.2004
https://doi.org/10.1093/europace/eur308
https://doi.org/10.1093/europace/eur308
https://doi.org/10.1093/europace/eur308
https://doi.org/10.1016/j.athoracsur.2008.03.085
https://doi.org/10.1016/j.athoracsur.2008.03.085
https://doi.org/10.1016/j.athoracsur.2008.03.085
https://www.ncbi.nlm.nih.gov/pubmed/9316536
https://www.ncbi.nlm.nih.gov/pubmed/9316536
https://www.ncbi.nlm.nih.gov/pubmed/9316536
https://doi.org/10.1093/europace/eup440
https://doi.org/10.1093/europace/eup440
https://doi.org/10.1093/europace/eup440
https://doi.org/10.1093/europace/eup440
https://doi.org/10.1016/j.jacep.2017.05.017
https://doi.org/10.1016/j.jacep.2017.05.017
https://doi.org/10.1016/j.jacep.2017.05.017
https://doi.org/10.1016/j.jacep.2017.05.017
https://doi.org/10.1016/j.jacep.2017.07.010
https://doi.org/10.1016/j.jacep.2017.07.010
https://doi.org/10.1016/j.jacep.2017.07.010
https://doi.org/10.1111/j.1540-8167.2011.02021.x
https://doi.org/10.1111/j.1540-8167.2011.02021.x
https://doi.org/10.1111/j.1540-8167.2011.02021.x
https://doi.org/10.1111/j.1540-8167.2011.02021.x
https://doi.org/10.1111/j.1540-8167.2011.02021.x
https://doi.org/10.1111/jce.12391
https://doi.org/10.1111/jce.12391
https://doi.org/10.1111/jce.12391
https://doi.org/10.1111/jce.12391
https://doi.org/10.1161/CIRCEP.111.963348
https://doi.org/10.1161/CIRCEP.111.963348
https://doi.org/10.1161/CIRCEP.111.963348
https://www.ncbi.nlm.nih.gov/pubmed/7586369
https://www.ncbi.nlm.nih.gov/pubmed/7586369
https://www.ncbi.nlm.nih.gov/pubmed/9614500
https://www.ncbi.nlm.nih.gov/pubmed/9614500
https://www.ncbi.nlm.nih.gov/pubmed/9614500
https://doi.org/10.1172/JCI115674
https://doi.org/10.1172/JCI115674
https://doi.org/10.1172/JCI115674
https://doi.org/10.1172/JCI115674
https://doi.org/10.1016/j.jacc.2015.08.038
https://doi.org/10.1016/j.jacc.2015.08.038
https://doi.org/10.1016/j.jacc.2015.08.038
https://doi.org/10.1016/j.cardfail.2007.09.003
https://doi.org/10.1016/j.cardfail.2007.09.003
https://doi.org/10.1016/j.cardfail.2007.09.003
https://doi.org/10.1093/europace/eur183
https://doi.org/10.1093/europace/eur183
https://doi.org/10.1093/europace/eur183
https://doi.org/10.1111/pace.12348
https://doi.org/10.1111/pace.12348
https://doi.org/10.1111/pace.12348
https://www.ncbi.nlm.nih.gov/pubmed/5766519
https://www.ncbi.nlm.nih.gov/pubmed/5766519
https://www.ncbi.nlm.nih.gov/pubmed/5766519
https://www.ncbi.nlm.nih.gov/pubmed/5766519
https://www.ncbi.nlm.nih.gov/pubmed/5766519
https://www.ncbi.nlm.nih.gov/pubmed/5932600
https://www.ncbi.nlm.nih.gov/pubmed/5932600
https://www.ncbi.nlm.nih.gov/pubmed/5932600
https://doi.org/10.1152/ajpheart.1980.238.6.H794
https://doi.org/10.1152/ajpheart.1980.238.6.H794
https://doi.org/10.1152/ajpheart.1980.238.6.H794
https://doi.org/10.1152/ajpheart.00959.2001
https://doi.org/10.1152/ajpheart.00959.2001
https://doi.org/10.1152/ajpheart.00959.2001
https://doi.org/10.1161/01.CIR.0000111581.15521.F5
https://doi.org/10.1161/01.CIR.0000111581.15521.F5
https://doi.org/10.1161/CIRCULATIONAHA.109.874263
https://doi.org/10.1161/CIRCULATIONAHA.109.874263
https://doi.org/10.1161/CIRCULATIONAHA.109.874263
https://doi.org/10.1152/ajplegacy.1974.227.3.543
https://doi.org/10.1152/ajplegacy.1974.227.3.543
https://doi.org/10.1152/ajplegacy.1974.227.3.543
https://doi.org/10.1113/expphysiol.1989.sp003277
https://doi.org/10.1113/expphysiol.1989.sp003277
https://doi.org/10.1113/expphysiol.1989.sp003277
https://doi.org/10.1093/cvr/5.supp1.64
https://doi.org/10.1093/cvr/5.supp1.64
https://doi.org/10.1093/cvr/5.supp1.64
https://doi.org/10.1093/cvr/5.supp1.64

Citation:

10.4172/2155-9880.1000604

Cooper MW (2018) Uses of Postextrasystolic Potentiation (PESP): The Actual and Hypothetical. J Clin Exp Cardiolog 9: 604. doi:

Page 7 of 8

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Wohlfart B (1979) Relationships Between Peak Force, Action Potential
Duration and Stimulus Interval in Rabbit Myocardium. Acta Physiol
Scand 106: 395-409.

Terrar D, White E (1989) Mechanism of Potentiation of Contraction by
Depolarization During Action Potentials in Guinea-Pig Ventricular
Muscle. Quart J of Exp Physio 74: 355-358.

Arlock P, Wohlfart B, Noble M (1998) Potentiation of the Contraction
Following a Prolonged Depolarization in Isolated Ferret Myocardium.
Acta Physiol Scand. 163: 3-11.

Sabbah H, Haddad W, Mika Y, Nass O, Aviv R, et al. (2001) Cardiac
Contractility Modulation With the Impulse Dynamics Signal: Studies in
Dogs With Chronic Heart Failure. Heart Failure Rev 6: 45-53.

Burkhoff D, Shemer I, Felzen B, Shimizu J, Mika Y, et al. (2001) Electric
Currents Applied During the Refractory Period Can Modulate Cardiac
Contractility In Vitro and In Vivo. Heart Failure Rev 6: 27-34.

Mohri S, Shimizu J, Mika Y, Shemer I, Want J, et al. (2003) Electric
Currents Applied During Refractory Period Enhance Contractility and
Systolic Calcium in the Ferret Heart. Am ] Physiol Heart Circ Physiol
284:1119-1123.

Pappone C, Rosanio S, Burkhoff D, Mika Y, Vicedomini G, et al. (2002)
Cardiac Contractility Modulation by Electric Currents Applied During
the Refractory Period in patients With Heart Failure Secondary to
Ischemic or Idiopathic Dilated Cardiomyopathy. Am ] Cardiology 90:
1307-1313.

Pappone C, Augello G, Rosanio S, Vicedomini G, Santinelli V, et al. (2004)
First Human Chronic Experience with Cardiac Contracitlity Modulation
by Nonexcittory Electrical Currents for Treating Systolic Heart Failure:
Mid-Term Safey and Efficacy Results from a Multicenter Study. ]
Cardiovasc Electrophysiol 15: 418-427.

Stix, G, Borggrefe M, Wolpert C, Hindricks G, Kottkamp H, et al. (2004)
Chronic Electrical Stimulation During the Absolute Refractory Period of
the Myocardium Improves Severe Heart Failure. Eur Heart J 25: 650-655.
Hideaki M, George S, Walid H, Yuval M, Tanhehco E, et al. (2004) Long-
term Effects of Non-excitatory Cardiac Contractility Modulation Electric
Signals on the Progression of Heart Failure in Dogs. Eur ] Heart Failure 6:
145-150

Lawo T, Borgrefe M, Butter C, Hindricks G, Schmidinger H, et al. (2005)
Electrocal Signals Applied During the Absolute Refractory Period: An
Investigational Treatment for Advanced Heart Failure in Patients with
Normal QRS Duration. J of the Am Coll Cardiol 46: 2229-2236

Burkhoft D, Ben-Haim S (2005)Nonexcitatory Electrical Signals for
Enahncing Ventricular Contractility: Rationale and Initial Investigations
of an Experimental Treatment for Heart Failure. Am ] Physiol Heart Circ
Physiol 288: 2550-2556.

Neelagaru S, Sanchez ], Lau S, Greenberg S, Raval N, et al. (2006)
Nonexcitatory, Cardiac Contractility Modulation Electrical Impulses:
Feasibility Study for Advanced Heart Failure in Patients with Normal
QRS Duration. Heart Rhythm 3: 1140-1147.

Brunckhorst C, Shemer I, Mika Y, Ben-Haim S, Burkhoff D (2006)
Cardiac Contractility Modulation by Non-excitatory Currents: Studies in
Isolated Cardiac Muscle. The Eur J of Heart Fail 8: 7-15

Imai M, Rastogi S, Gupta R, Mishra S, Sharov V, et al. (2007) Therapy
With Cardiac Contractility Modulation Electrical Signals Imporves left
Ventricular Function and Remodeling in Dogs with Chronic Heart
Failure. ] Am Coll Cardiol 49: 2120-2128

Butter C, Wellnhofer E, Schlegl M, Winbeck G, Fleck E, et al. (2007)
Enhanced State of the Failing Ventricle by Cardiac Contracility
Modulation Electrical Signals Is Not Associated With Increased
Myocardial Oxygen Consumption. J Card Failure 13: 137-142.

Borggrefe M, Lawa T, Butter C, Schmidinger H, Lunati M et al. (2008)
Randomized, Double Blind Study of Non-excitatory, Cardiac
Contractility Modulation Electrical Impulses for Symptomatic Heart
Failure. Eur Heart J 29: 1019-1028.

Naegele H, Behrens S (2008) Cardiac Contractility Modulation in Non-
responders to Cardiac Resynchronization Therapy. Europacel0:
1375-1380.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Abraham WT, Burkhoff D, Nademanee K, Carson P, Bourge R, et al.
(2008) A Randomized Controlled Trial to Evaluate the Safety and Efficacy
of Cardiac Contractility Modulation in Patients with Systolic Heart
Failure: Rationale, Design, and Baseline Patient Characteristics. Am
Heart ] 156: 641-648.

Daubert J (2008) Modulation of Cardiac Contractility. A Potential
Treatment of Heart Failure? Eur Heart ] 29: 961-963.

Gupta R, Mishra S, Wang M, Jiang A, Rastogi S, et al. (2009) Cardiac
Contractility Modulation Electrical ~Signals Normalize Activity,
Expression, and Phosphorylation of the Na+ -Ca2+ Exchanger in Heart
Failure. ] Cardiac Failure 15: 48-56.

Yu C, Chan J, Zhang Q, Yip G, Lam Y, et al. (2009) Impact of Cardiac
Contractility Modulation on Left Ventricular Global and Regional
Function and Remodeling. ] Am Coll Cardiol Img 2: 1341-1349.

Kadish A, Nademanee K, Volosin K, Krueger S, Neelagaru S, et al.
(2011)A Randomized Controlled Trial Evaluation the Safey and Efficacy
of Cardiac Contractility Modulation in Advanced Heart Failure. Am
Heart J 161: 329-337.

Winter ], Brack K, Ng G (2011)Cardiac Contractility Modulation in the
Treatment of Heart Failure: Initial Results and Unanswered Questions.
Eur ] Heart Fail 13: 700-710.

Cornelussen R, Splett V, Klepfer R, Stegemann B, Kornet L, et al. (2011)
Electrical Modalities Beyond Pacing for the Treatment of Heart
Failure. Heart Fail Rev 16: 315-325.

Kwong J, Sanderson J, Yu C (2012) Cardiac Contractility Modulation for
Heart Failure: A Meta-Analysis of Randomized Controlled Trials. Pacing
and Clinical Electrophysiology 35: 1111-1118.

Borggrefe M, Burkhoft D (2012) Clinical Effects of Cardiac Contracility
Modulation (CCM) as a treatment for Chronic Heart Failure. Eur ] Heart
Failure 14: 703-712.

Kahwash R, Burkhoff D, Abraham WT (2013) Cardiac Contractility
Modulation in Patients With Advanced Heart Failure. Expert
Rev Cardiovasc Ther 11: 635-645.

Kuck K, Bordacher P, Borggrefe M, Boriani G, Burri H, et al. (2014) New
Devices in Heart Failure: An European Heart Rhythm Assoication
Report. Europace 16: 109-128.

Ning B, Qi X, Li Y, Liu H, Zhang F, et al. (2014) Biventricular pacing
cardiac contractility modulation improves cardiac contractile function via
upregulating SERCA2 and miR-133 in a rabbit model of congestive heart
failure. Cell Physiol Biochem 33: 1389-1399.

Blinova K, Stholman J, Krauthamer V, Knapton A, Bloomquist E, et al.
(2014) Acute effects of nonexcitatory electrical stimulation during systole
in isolated cardiac myocytes and perfused heart. Physiol Rep 2: 1-9.
Giallauria F, Vigorito C, Piepoli M, Coats A (2014) Effects of cardiac
contractility modulation by non-excitatory electrical stimulation on
exercise capacity and quality of life: an individual patient's data meta-
analysis of randomized controlled trials. Int ] Cardiol 175: 352-357.
Maniadakis N, Fragoulakis V, Mylonas C, Sharma R, Coats A (2015)
Economic evaluation of Cardiac Contractility Modulation (CCM)
therapy with the optimizer IVs in the management of heart failure
patients. Int Cardiovasc Forum J 4: 43-52.

Kuschyk J, Roeger S, Schneider R, Streitner F, Stach K, et al. (2015)
Efficacy and survival in patients with cardiac contractility modulation:
long-term single center experience in 81 patients. Int J Cardiol 183:
76-81.

Abi-Samra E Gutterman D (2016) Cardiac contractility modulation: a
novel approach for the treatment of heart failure. Heart Fail Rev 21:
645-660.

Kloppe A, Lawo T, Mijic D, Schiedat F, Muegge A, et al. (2016) Long-term
survival with Cardiac Contractility Modulation in patients with NYHA II
or III symptoms and normal QRS duration. Int J Card 209: 291-295.
Muller D, Remppis A, Schauerte P, Schmidt-Schweda S, Burkhoff D, et al.
(2017) Clinical effects of long-term cardiac contractility modulation
(CCM) in subjects with heart failure caused by left ventricular systolic
dysfunction. Clin Res Cardiol 106: 893-904.

J Clin Exp Cardiolog, an open access journal
ISSN:2155-9880

Volume 9 « Issue 9 « 1000604


https://doi.org/10.1111/j.1748-1716.1979.tb06419.x
https://doi.org/10.1111/j.1748-1716.1979.tb06419.x
https://doi.org/10.1111/j.1748-1716.1979.tb06419.x
https://doi.org/10.1113/expphysiol.1989.sp003277
https://doi.org/10.1113/expphysiol.1989.sp003277
https://doi.org/10.1113/expphysiol.1989.sp003277
https://doi.org/10.1046/j.1365-201x.1998.00327.x
https://doi.org/10.1046/j.1365-201x.1998.00327.x
https://doi.org/10.1046/j.1365-201x.1998.00327.x
https://www.ncbi.nlm.nih.gov/pubmed/11248767
https://www.ncbi.nlm.nih.gov/pubmed/11248767
https://www.ncbi.nlm.nih.gov/pubmed/11248767
https://www.ncbi.nlm.nih.gov/pubmed/11248765
https://www.ncbi.nlm.nih.gov/pubmed/11248765
https://www.ncbi.nlm.nih.gov/pubmed/11248765
https://doi.org/10.1152/ajpheart.00378.2002
https://doi.org/10.1152/ajpheart.00378.2002
https://doi.org/10.1152/ajpheart.00378.2002
https://doi.org/10.1152/ajpheart.00378.2002
https://www.ncbi.nlm.nih.gov/pubmed/12480039
https://www.ncbi.nlm.nih.gov/pubmed/12480039
https://www.ncbi.nlm.nih.gov/pubmed/12480039
https://www.ncbi.nlm.nih.gov/pubmed/12480039
https://www.ncbi.nlm.nih.gov/pubmed/12480039
https://doi.org/10.1016/j.ehj.2004.02.027
https://doi.org/10.1016/j.ehj.2004.02.027
https://doi.org/10.1016/j.ehj.2004.02.027
https://doi.org/10.1016/j.ejheart.2003.11.001
https://doi.org/10.1016/j.ejheart.2003.11.001
https://doi.org/10.1016/j.ejheart.2003.11.001
https://doi.org/10.1016/j.ejheart.2003.11.001
https://doi.org/10.1016/j.jacc.2005.05.093
https://doi.org/10.1016/j.jacc.2005.05.093
https://doi.org/10.1016/j.jacc.2005.05.093
https://doi.org/10.1016/j.jacc.2005.05.093
https://doi.org/10.1152/ajpheart.01311.2004
https://doi.org/10.1152/ajpheart.01311.2004
https://doi.org/10.1152/ajpheart.01311.2004
https://doi.org/10.1152/ajpheart.01311.2004
https://doi.org/10.1016/j.hrthm.2006.06.031
https://doi.org/10.1016/j.hrthm.2006.06.031
https://doi.org/10.1016/j.hrthm.2006.06.031
https://doi.org/10.1016/j.hrthm.2006.06.031
https://doi.org/10.1016/j.ejheart.2005.05.011
https://doi.org/10.1016/j.ejheart.2005.05.011
https://doi.org/10.1016/j.ejheart.2005.05.011
https://doi.org/10.1016/j.jacc.2006.10.082
https://doi.org/10.1016/j.jacc.2006.10.082
https://doi.org/10.1016/j.jacc.2006.10.082
https://doi.org/10.1016/j.jacc.2006.10.082
https://doi.org/10.1016/j.cardfail.2006.11.004
https://doi.org/10.1016/j.cardfail.2006.11.004
https://doi.org/10.1016/j.cardfail.2006.11.004
https://doi.org/10.1016/j.cardfail.2006.11.004
https://doi.org/10.1093/eurheartj/ehn020
https://doi.org/10.1093/eurheartj/ehn020
https://doi.org/10.1093/eurheartj/ehn020
https://doi.org/10.1093/eurheartj/ehn020
https://doi.org/10.1093/europace/eun257
https://doi.org/10.1093/europace/eun257
https://doi.org/10.1093/europace/eun257
https://doi.org/10.1016/j.ahj.2008.05.019
https://doi.org/10.1016/j.ahj.2008.05.019
https://doi.org/10.1016/j.ahj.2008.05.019
https://doi.org/10.1016/j.ahj.2008.05.019
https://doi.org/10.1016/j.ahj.2008.05.019
https://doi.org/10.1093/eurheartj/ehn127
https://doi.org/10.1093/eurheartj/ehn127
https://doi.org/10.1016/j.jcmg.2009.07.011
https://doi.org/10.1016/j.jcmg.2009.07.011
https://doi.org/10.1016/j.jcmg.2009.07.011
https://doi.org/10.1016/j.ahj.2010.10.025
https://doi.org/10.1016/j.ahj.2010.10.025
https://doi.org/10.1016/j.ahj.2010.10.025
https://doi.org/10.1016/j.ahj.2010.10.025
https://doi.org/10.1093/eurjhf/hfr042
https://doi.org/10.1093/eurjhf/hfr042
https://doi.org/10.1093/eurjhf/hfr042
https://doi.org/10.1007/s10741-010-9206-2
https://doi.org/10.1007/s10741-010-9206-2
https://doi.org/10.1007/s10741-010-9206-2
http://dx.doi.org/10.1111/j.1540-8159.2012.03449.x
http://dx.doi.org/10.1111/j.1540-8159.2012.03449.x
http://dx.doi.org/10.1111/j.1540-8159.2012.03449.x
https://doi.org/10.1093/eurjhf/hfs078
https://doi.org/10.1093/eurjhf/hfs078
https://doi.org/10.1093/eurjhf/hfs078
https://doi.org/10.1586/erc.13.48
https://doi.org/10.1586/erc.13.48
https://doi.org/10.1586/erc.13.48
https://doi.org/10.1093/europace/eut311
https://doi.org/10.1093/europace/eut311
https://doi.org/10.1093/europace/eut311
https://doi.org/10.1159/000358705
https://doi.org/10.1159/000358705
https://doi.org/10.1159/000358705
https://doi.org/10.1159/000358705
https://doi.org/10.14814/phy2.12106
https://doi.org/10.14814/phy2.12106
https://doi.org/10.14814/phy2.12106
https://doi.org/10.1016/j.ijcard.2014.06.005
https://doi.org/10.1016/j.ijcard.2014.06.005
https://doi.org/10.1016/j.ijcard.2014.06.005
https://doi.org/10.1016/j.ijcard.2014.06.005
https://doi.org/10.17987/icfj.v4i0.173
https://doi.org/10.17987/icfj.v4i0.173
https://doi.org/10.17987/icfj.v4i0.173
https://doi.org/10.17987/icfj.v4i0.173
https://doi.org/10.1016/j.ijcard.2014.12.178
https://doi.org/10.1016/j.ijcard.2014.12.178
https://doi.org/10.1016/j.ijcard.2014.12.178
https://doi.org/10.1016/j.ijcard.2014.12.178
https://doi.org/10.1007/s10741-016-9571-6
https://doi.org/10.1007/s10741-016-9571-6
https://doi.org/10.1007/s10741-016-9571-6
https://doi.org/10.1016/j.ijcard.2016.02.001
https://doi.org/10.1016/j.ijcard.2016.02.001
https://doi.org/10.1016/j.ijcard.2016.02.001
https://doi.org/%2010.1007/s00392-017-1135-9
https://doi.org/%2010.1007/s00392-017-1135-9
https://doi.org/%2010.1007/s00392-017-1135-9
https://doi.org/%2010.1007/s00392-017-1135-9

Citation:

10.4172/2155-9880.1000604

Cooper MW (2018) Uses of Postextrasystolic Potentiation (PESP): The Actual and Hypothetical. J Clin Exp Cardiolog 9: 604. doi:

Page 8 of 8

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Gaasch W, Brooks W, Peralta A, John R, Conrad C, et al. (2003)
Potentiation of atrial contractility by paired pacing augments ventricular
preload and systolic performance. ] Card Fail 9: 141-146.

Shiels HA, Galli GL (2014) The sarcoplasmic reticulum and the evolution
of the vertebrate heart. Physiology (Bethesda) 29: 456-469.

Kato K, Kodama M, Hirono S, Okura Y, Hanawa H, et al. (2003) Analysis
of postextrasystolic relaxation response in the human heart. Mol Cell
Biochem 251: 43-46.

Obokata M, Borlaug BA (2017) Left Ventricular Filling Pressures in Heart
Failure With Preserved Ejection Fraction: Is the Tail Now Wagging the
Dog? JACC Heart Fail 5: 802-804.

Scognamiglio R, Fasoll G, Ferri M, Nistri S, Miorelli M, et al. (1995)
Myocardial dysfunction and abnormal left ventricular exercise response
in autonomic diabetic patients. Clin Cardiol 18: 276-282.

Scognamiglio R, Avogaro A, Casara D, Crepaldi C, Marin M, et al. (1998)
Myocardial dysfunction and adrenergic cardiac innervation in patients
with insulin-dependent diabetes .

Scognamiglio R, Casara D, Avogaro A (2000) Myocardial dysfunction
and adrenergic innervation in patients with Type 1 diabetes mellitus.
Diabetes Nutr Metab 13: 346-349.

Eley DW, Lake N, ter Keurs HE (1994) Taurine depletion and excitation-
contraction coupling in rat myocardium. Circ Res 74: 1210-1219.
Brandao JM, Miziara A, Figueiredo GL, Lima-Filho MO, Ayres-Neto EM
(2005) Post-extrasystolic potentiation in chronic Chagas' heart disease. A
radiologic contrast ventriculography study. Arq Bras Cardiol 84: 376-380.
Miziara A, Marin-Neto JA, Marchini JFM, Figueiredo GL, Pintya AO, et
al. (2009) Reversible left ventricular dyssynergia identified by post-
extrasystolic potentiation in chronic chagasic cardiomyopathy is not
caused by myocardial hibernation. Rev Bras Cardiol Invasive 17: 358-68.
Hiss FC, Lascala TE, Maciel BC, Marin-Neto JA, Simoes MV (2009)
Changes in myocardial perfusion correlate with deterioration of left
ventricular systolic function in chronic Chagas' cardiomyopathy. JACC
Cardiovasc Imaging 2: 164-172.

Mizuno J, Araki J, Iribe G, Maesako M, Morita T, et al. (1999) Total Ca
handling in canine mild Ca overload failing heart. Heart Vessels 14:
38-51.

Calo L, Scognamiglio R, Nistri S, Palisi M, Miorelli M, et al. (1997)
Evidence of myocardial dysfunction in Bartter's syndrome. Am ] Nephrol
17:124-127.

Calo L, DAngelo A, Cantaro S, Rzzolo M, Favaro S, et al. (1996)
Intracellular Calcium Signalling and Vascular Reactivity in Bartter’s
Syndrome. Nephron 72: 570-573.

Aoi, S, Misumida N, Carabello B, Rachko M (2016) Absence of post-
extrasystolic potentiation in takotsubo cardiomyopathy: Another piece of
the puzzle? Int J Cardiol 225: 9-13.

Nef HM, Moellmann H, Troidl C , Kostin S, Voss S, et al. (2009)
Abnormalities in intracellular Ca2+ regulation contribute to the
pathomechanism of Tako-Tsubo cardiomyopathy. Eur Heart ] 30:
2155-2164.

Zaug CE, Spaniol M, Bellahcene M, Barbosa V, Tolnay M, et al. (2003)
Myocardial function and energy metabolism in carnitine-deficient rats.
Cell Mol Life Sci 60: 767-775.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.
131.
132.
133.
134.

Asgrimsson HJ, Wohlfart B, Brandt J, Jéhannsson M (1999) Effects of [Na
+]o and [Ca2+]o and Cyclopiatonic acid on Decline of Post-extrasystolic
Potentiation and Twitch Kinetics in Guinea-Pig and Human Myocardial
Prepartations. Acta Physiol Scand 166: 195-201.

Misawa H, Kohzuki H, Sakata S, Ohga Y, Takaki M (2000) Oxygen
Wasting for Ca 2+ Extrusion Activated by Partial Inhibition of
Sarcoplasmic Reticulum Ca2+ -ATPase by Cyclopiazonic Acid in Rat
Ventricles.

Boucek Jr RJ, Dodd DA, Atkinson JB, Oquist N, Olson RD (1997)
Contractile Failure in Chronic Doxorubicin-induced Cardiomyopathy. |
Mol Cell Cardiol 29: 2631-2640.

Asayama ], Yamahara Y, Matsumoto T, Miyazaki H, Tstsuni T, et al.
(1992) Acute and Subacute Effects of Doxorubicin on Postextrasystolic
Potentiation in Guinea Pig Papillary Muscles. Pharmacol Toxicol 71:
371-375.

Versluis V], Heslinga JW, Sipkema P, Westerhof N (2003) Contractile
reserve but not tension is reduced in monocrataline-induced right
ventricular hypertrophy. Am ] Physiol Heart Circ Physiol 286: H979-
H984.

Kolar F, MacNaughton C, Papousek F, Korecky B, Rakusan K (1995)
Changes in Calcium Handling in Atrophic Heterotopially Isotransplanted
Rat Hearts. Basic Res Cardiol 90: 475-481.

Arai M, Matsui H, Perisamy M (1994) Sarcoplasmic Reticulum Gene
Expression in Cardiac Hypertrophy and Heart Failure. Circ Res 74:
555-564.

Bamjamali HS, ter Keurs MH, Paul LC, ter Keurs HE (1993) Excitation-
contraction Coupling in Rat Heart: Influence of Cyclosporin A.
Cardiovasc Res 27: 1845-1854.

Abdul-Qadir H, Austin PC, Lee DS, Amir E, Tu JV, et al. (2017) A
Population-Based Study of Cardiovascular Mortality Following Early-
stage Breast Cancer. JAMA Cardiol 2: 88-93.

Swain SM, Whaley FS, Ewer MS (2003) Congestive Heart Failure in
Patients Treated with Doxorubicin, a Retrospective Analysis of Three
Trials. Cancer 97: 2869-28-79.

Kenigsberg B, Wellstein A, Barac A (2018) Left Ventricular Dysfunctionin
Cancer Treatment: Is It Relevant? ] Am Coll Cardiol HF 6: 87-95.

Prinz C, Farr M, Hering D, Horstkotte D, Faber L (2011) The Diagnosis
and Treatment of Hypertropnhic Cardiomyopathy. Dtsch Arztebl Int 108:
209-215.

Brockenbrogh EC, Braunwald E, Morrow AG (1961) A Hemodynamic
Technic for the Detection of Hypertrophic Subarotic Stenosis. Circulation
23:189-194.

Shemer I (2008) Extra- and Intracellular Electrotonic Conductance of
Signal and Its Significance for Synaptic Plasticity.

https://patents.google.com/patent/US8346363.
https://patents.google.com/patent/US8825152.
https://patents.google.com/patent/US893475.
http://patents.google.com/patent/US7840262.
http://patents.google.com/patents/US8228311.

J Clin Exp Cardiolog, an open access journal
ISSN:2155-9880

Volume 9 « Issue 9 « 1000604


https://doi.org/10.1054/jcaf.2003.20
https://doi.org/10.1054/jcaf.2003.20
https://doi.org/10.1054/jcaf.2003.20
https://doi.org/10.1152/physiol.00015.2014
https://doi.org/10.1152/physiol.00015.2014
https://doi.org/10.1023/A:1025461311420
https://doi.org/10.1023/A:1025461311420
https://doi.org/10.1023/A:1025461311420
https://doi.org/10.1016/j.jchf.2017.09.001
https://doi.org/10.1016/j.jchf.2017.09.001
https://doi.org/10.1016/j.jchf.2017.09.001
https://doi.org/10.1002/clc.4960180510
https://doi.org/10.1002/clc.4960180510
https://doi.org/10.1002/clc.4960180510
https://www.ncbi.nlm.nih.gov/pubmed/11232760
https://www.ncbi.nlm.nih.gov/pubmed/11232760
https://www.ncbi.nlm.nih.gov/pubmed/11232760
https://www.ncbi.nlm.nih.gov/pubmed/8187287
https://www.ncbi.nlm.nih.gov/pubmed/8187287
http://dx.doi.org/10.1590/S2179-83972009000300014
http://dx.doi.org/10.1590/S2179-83972009000300014
http://dx.doi.org/10.1590/S2179-83972009000300014
http://dx.doi.org/10.1590/S2179-83972009000300014
https://doi.org/10.1016/j.jcmg.2008.09.012
https://doi.org/10.1016/j.jcmg.2008.09.012
https://doi.org/10.1016/j.jcmg.2008.09.012
https://doi.org/10.1016/j.jcmg.2008.09.012
https://www.ncbi.nlm.nih.gov/pubmed/10543312
https://www.ncbi.nlm.nih.gov/pubmed/10543312
https://www.ncbi.nlm.nih.gov/pubmed/10543312
https://doi.org/10.1159/000169085
https://doi.org/10.1159/000169085
https://doi.org/10.1159/000169085
https://doi.org/10.1159/000188941
https://doi.org/10.1159/000188941
https://doi.org/10.1159/000188941
https://doi.org/10.1016/j.ijcard.2016.09.058
https://doi.org/10.1016/j.ijcard.2016.09.058
https://doi.org/10.1016/j.ijcard.2016.09.058
https://doi.org/10.1093/eurheartj/ehp240
https://doi.org/10.1093/eurheartj/ehp240
https://doi.org/10.1093/eurheartj/ehp240
https://doi.org/10.1093/eurheartj/ehp240
http://dx.doi.org/10.1007/s00018-003-3011-1
http://dx.doi.org/10.1007/s00018-003-3011-1
http://dx.doi.org/10.1007/s00018-003-3011-1
https://doi.org/10.1046/j.1365-201x.1999.00563.x
https://doi.org/10.1046/j.1365-201x.1999.00563.x
https://doi.org/10.1046/j.1365-201x.1999.00563.x
https://doi.org/10.1046/j.1365-201x.1999.00563.x
https://doi.org/10.1006/jmcc.1997.0494
https://doi.org/10.1006/jmcc.1997.0494
https://doi.org/10.1006/jmcc.1997.0494
https://doi.org/10.1111/j.1600-0773.1992.tb00564.x
https://doi.org/10.1111/j.1600-0773.1992.tb00564.x
https://doi.org/10.1111/j.1600-0773.1992.tb00564.x
https://doi.org/10.1111/j.1600-0773.1992.tb00564.x
https://doi.org/10.1152/ajpheart.00536.2002
https://doi.org/10.1152/ajpheart.00536.2002
https://doi.org/10.1152/ajpheart.00536.2002
https://doi.org/10.1152/ajpheart.00536.2002
http://dx.doi.org/10.1007/BF00788540
http://dx.doi.org/10.1007/BF00788540
http://dx.doi.org/10.1007/BF00788540
https://doi.org/10.1161/res.74.4.8137493
https://doi.org/10.1161/res.74.4.8137493
https://doi.org/10.1161/res.74.4.8137493
https://doi.org/10.1093/cvr/27.10.1845
https://doi.org/10.1093/cvr/27.10.1845
https://doi.org/10.1093/cvr/27.10.1845
https://doi.org/10.1001/jamacardio.2016.3841
https://doi.org/10.1001/jamacardio.2016.3841
https://doi.org/10.1001/jamacardio.2016.3841
https://doi.org/10.1002/cncr.11407
https://doi.org/10.1002/cncr.11407
https://doi.org/10.1002/cncr.11407
https://doi.org/10.1016/j.jchf.2017.08.024
https://doi.org/10.1016/j.jchf.2017.08.024
https://dx.doi.org/10.3238%2Farztebl.2011.0209
https://dx.doi.org/10.3238%2Farztebl.2011.0209
https://dx.doi.org/10.3238%2Farztebl.2011.0209
https://doi.org/10.1161/circ.23.2.189
https://doi.org/10.1161/circ.23.2.189
https://doi.org/10.1161/circ.23.2.189
https://patents.google.com/patent/US8346363
https://patents.google.com/patent/US8825152
https://patents.google.com/patent/US893475.
http://patents.google.com/patent/US7840262.%20
http://patents.google.com/patents/US8228311.%20%0d

	Contents
	Uses of Postextrasystolic Potentiation (PESP): The Actual and Hypothetical
	Abstract
	Keywords:
	Introduction
	Actualized Applications of PESP Based on Empiric Studies
	Detecting myocardial contractile reserve
	Predicting prognosis in ischemic heart disease
	PESP and heart rate turbulence
	Control of ventricular rate during atrial fibrillation
	PESP and PVC cardiomyopathy
	Force-frequency pacing: paired pacing and non-excitatory stimulation (NES) to treat myocardial dysfunction paired-pacing
	Non-excitatory stimulation (NES)

	Hypothetical Applications of PESP Based on Empiric Data
	PESP of atria to augment pre-load
	Use of LV PESP to augment the treatment of heart failure with preserved ejection fraction (HFpEF)
	Use of LV PESP to predict the response to force-frequency pacing in myocardial dysfunction
	Use of LV PESP to guide cancer therapy
	Use of LV PESP to predict the degree of obstruction in hypertrophic cardiomyopathy

	Hypothetical Application of PESP Based on the Generalization of the Mechanism of PESP
	Use of PESP and other pacing modalities to augment the function of other organs or systems

	Conclusion
	References


