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INTRODUCTION

Societies across the globe now confront a rising
burden of chronic disease on a scale never before
seen in history. In recent decades deeply troubling
increases in conditions such as the metabolic
syndrome, diabetes, obesity, autoimmune disease,
and chronic organ syndromes like heart failure (HF),
chronic kidney disease (CKD), and non-alcoholic

fatty liver have completely erased any putative
gains 20" century medical science might have
made in the control and prevention of disease.

According to the US Centers for Disease Control,
90% of the $4.1 trillion annual US healthcare
expenditures is spent on chronic disease care
[1]. There are no effective therapies for these
conditions and treatment is by-and-large palliative.
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Two of the most prevalent and complex syndromes
now challenging medical science are HF and CKD.

First designated by the WHO as an emerging
epidemic in 1997, HF continues to spread globally
and now afflicts an estimated 64 million people
worldwide and about 6-7 million in the US.
HF is a debilitating syndrome characterized by
functional impairments that impact quality of life
and the ability to engage in daily activities. HF is
now the leading cause for hospitalization (and re-
hospitalization) in people over 60 years of age.
Healthcare costs in the US continue to soar and are
pegged to reach nearly $70 billion by 2030 [2-4].

CKD is an insidious, progressive disorder affecting
about 850 million people worldwide — roughly 10%
of the global population. In the US CKD affects about
11-14% of the adult population or about 37 million
people. In the last three decades its prevalence
has grown by nearly 30%. Many countries are now
unable meet rising demand for dialysis treatment.
Risk factors include diabetes and hypertension
which also continue to escalate. According to the
CDC expenditures for CKD in 2019 reached $87.2
billion with an additional $37.3 billion directed
to end-stage kidney disease and treatments like
dialysis and transplantation [5-6].

The contemporary predicament becomes more
dire once one recognizes the failure of 20t century
medical scientists to even accurately describe
how the heart and kidneys function. The causal
models they advanced to explain the functional
deteriorations in HF and CKD are now widely
recognized to have been wrong. Based on their
flawed theories, existing treatments for these
conditions are only band-aids that may or may not
prevent downstream complications while having
little or no effect on the underlying disease process.
One cannot discuss the burgeoning epidemic of
chronic disease without implicating experimental
science.

INOVACUS

Of equal concern is the failure of medical scientists
to incorporate evidence that runs counter to
their encrusted dogma. For 120 vyears they
have clung to their archaic molecular/cellular
paradigm, continuing to beat this long-dead horse,
even though it fails to explain much of what is
encountered in the laboratory or in day-to-day
practice. It is said that consciousness always wakes
up late. Certainly, this applies to medical science
and the epidemic of chronic disease.

In the 1980s experimental evidence emerged
that overturned the reigning 20" century model
of cardiac function and, furthermore, pointed
to the presence of an organized energy field in
the blood originating through the contraction
and dilation cycles of the heart. And yet, in
a manner reminiscent of how, for thirteen
centuries, Ptolemaic astronomers continued to
explain planetary motion on the basis of their
revolution around the earth, scientists persist in
their attempts to explain energy dynamics on the
basis of cellular and molecular mechanisms. The
Ptolemaic system eventually became so convoluted
that even astronomers didn’t understand it. And
once the correct explanation surfaced, geocentric
astronomy collapsed into a heap and became a
relic of history. Modern medical science seems
destined to share the same fate.

In his acclaimed work The Structure of Scientific
Revolutions (1962) science historian Thomas Kuhn
describes the successive rise and fall of scientific
paradigms [7]. Given that it is impossible for
scientists to know what lies outside their frame of
reference, by necessity all scientific theories are
provisional and incomplete. Eventually scientists
encounter phenomena their knowledge cannot
explain necessitating cultivation of new knowledge
and revision of spent theories. The entire history
of experimental science consists of a series of
conceptual boom-and-bust cycles.
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The epidemic of chronic disease has laid bare
the flaws of the cellular/molecular perspective
as well as the failures of experimental scientists
to make proper adjudications. As in the case of
geocentric astronomy, once evidence emerges
that contradicts stated assumptions, a scientific
theory is rendered invalid regardless of whether or
not the science community chooses to accept it.
We call such disruptive and revolutionary events
a ‘paradigm collapse’. In such circumstances the
only option for scientists is to either acquiesce to
reality or engage in denial and perpetuate what
then becomes a collectively-shared delusion.

In this paper we examine HF and CKD through
the lens of a new causal paradigm: as a conjoined
energy deficiency syndrome whose progression
is governed by impaired energy generation by
the cardiovascular system leading to subsequent
deterioration of blood energy dynamics. Due to
the immense complexity of this topic our intention
is not to go into unnecessary and laborious detail
on specific cellular and molecular aspects of the
syndromes but, instead, to use illustrative examples
to establish overarching principles and to highlight
the connection between the deteriorating energy
field and all resultant aberrations. Indeed, once
the energy dynamics are recognized cellular and
molecular descriptions become superfluous.
Our use of the term ‘causal’ is meant to imply
that future breakthroughs in the treatment (and
potential reversal) of these complex disease states
necessarily entails recognition and correction of
underlying energy deficits.

ENERGY FIELD DYNAMICS

One of the most significant turn of events in
20" century experimental medicine took place
in the 1980s without most medical scientists
even suspecting that the ground beneath their
feet had begun to crumble. For most of the 20t
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century scientists conceived the heart to function
in the manner of a mechanical pump, with blood
propelled forward through the arteries during the
systolic phase of the cardiac cycle. The diastolic
phase of the cycle, on the other hand, was said to
represent a period of passive relaxation.

This concept was originally advanced by William
Harvey in 1628 in his seminal work On The Motions
of the Heart in which he describes his discovery of
the circulation of the blood [8]. Harvey’s model
was uncritically accepted by English physiologist
Ernest Starling in the early 20™ century and
thereafter became dogma. The problem with the
Harvey-Starling concept of cardiac function is that
it doesn’t explain how blood returns from the veins
to the right side of the heart — just a small detail
scientists overlooked for 350 years.

Inthe early 1980s physiologists discovered negative
intraventricular pressures, i.e., a suction force, in
the early diastolic phase indicating that diastole
was not a time of passive relaxation but, instead, a
period in which blood was actively drawn forward
through the veins into the ventricular chamber
[9-12]. In order for the ventricle to pump blood
through the arteries it must first contain blood.
A handful of studies later found the presence of
spiral flow currents in arteries and veins which can
only be explained on the basis of a suctional force
[13-26].

By the late 1980s numerous studies affirmed
the primacy of diastole in the cardiac cycle
and, intriguingly, found that impaired outward
movement of the ventricular and arterial walls,
aka ‘diastolic dysfunction’” was the defining feature
of a wide range of chronic conditions including
hypertension, diabetes, obesity, depression,
cancers, autoimmune diseases, as well as organ
failure syndromes like HF and CKD [27, 28].
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During its cycles of contraction and dilation the
heart generates an electromagnetic field which is
responsible for diastolic expansion. In a series of
earlier articles, we describe mechanisms at play in
this phenomenon [29-31]. For over a century it has
been recognized that the heart and blood contain
large iron stores and, while iron’s role in various
chemical reactions has been extensively detailed,
there has been little discussion as to whether it
might play a broader role.

Equally the question arises as to the function
served by nerves that course over the surface of the
heart. Cardiologists claim these nerves cause the
heart to contract but is this correct? As early as the
2" century AD Roman physician Galen observed in
animal experiments that when the heart was cut
out and placed in a fluid bath it continued to dilate
and contract, what is called cardiac automaticity.
By the same token, transplanted hearts continue
to function in recipients even though nerve
conduction has been interrupted.

What happens during systolic contraction of
the ventricle is identical to what happens during
the induction of an external magnetic field by
electrification of ferrous objects. As the ventricle
contracts and iron stores are brought into closer
apposition iron nuclei in the heart muscle and
blood align and process synchronously on the basis
of field interactions. Electrical potentials in the
nerves saturate the field and induce formation of a
three-dimensional magnetic field in the ventricular
chamber leading to its expansion. Blood-borne
energy dynamics also account for the phenomenon
known as ischemic preconditioning (PC).

In 1986 Charles Murry et al., seeking to elucidate
mechanisms at play in heart attack, tested whether
intermittently reopening the coronary arteries to
allow for brief return of blood flow altered the
course of cellular injury [32]. In a control group of
dogs, a coronary artery was clamped for 40 minutes
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to assess the extent of infarct damage. Another
group underwent a series of four 5-minute arterial
occlusions interrupted by 5-minute intervals of
reperfusion. Afterward the artery was clamped for
40 minutes. To their complete surprise, animals
that received PC pulses had only about 25% of
damage as the control group.

The protection afforded by PC has been
substantiated in many studies. When the PC
sequence is applied prior to a prolonged ischemic
episode a period of protection ensues that lasts
about 2-3h during which ischemia-mediated
damage is markedly reduced. Biochemical analysis
suggests that PCslows the rate of ATP consumption,
lactate accumulation, and development of
tissue acidosis. Interestingly, diastolic function is
preserved and the myocardium becomes resistant
to potentially lethal arrhythmias. Such phenomena
can only be explained on the basis of an influx of
energy into the cardiovascular system [33-42].

A 1993 study found that PC pulses applied to one
vascular territory of the heart protected the rest
of the heart from prolonged arterial occlusion
[43]. Several years later another study found
reduction in myocardial infarct size in rabbits after
administration of PC pulses to skeletal muscle [44]
Reports soon followed describing protection in
organs besides the heart after PC pulses in distant
vascular territories. Remote PC effects involving
brain, liver, intestines, kidneys, stomach and lungs
were described [45-58].

The PC response originates in the blood and
spreads throughout the body. PC pulses applied
to any vascular bed confer systemic resistance
to prolonged ischemia. Remote PC induced by
serial inflation-deflation of a blood pressure cuff
in the extremities is now used prior to surgical
procedures to limit operative and postoperative
injury [59]. Reports suggest beneficial effects
are transferable from one animal to another by
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transfusion of blood or bodily fluids [60-62]. It
became recognized that the PC response could be
induced by different means other than ischemia:
hyperthermia, exercise, cardiac pacing, ethanal,
volatile anesthetics, and a host of others including
ozone [63-81].

A 1996 study ascribing a complex temporal
signature to the PC phenomenon added another
spin to the evolving picture [82]. The initial
period of heightened resistance to ischemic injury
disappears after about 2-3h but then protective
effects recur in echo-like fashion about 24h later
and persist for up to 48-72h; this is called the
second window of protection. Researchers remain
baffled as to its basis [83, 84]. As effects are
associated with appearance of different mediator
substances in the blood it appears to involve gene
expression.

PC comprises two opposing aspects: the immediate
effect of the injurious agent and a protective
counter-response in the blood to mitigate its
impact. A dramatic example of the PC effect can
be seen in the case of ozone, perhaps one of the
most powerful PC agents yet discovered. We have
documented its effects in previous papers. The
protective response is mediated by red blood cells
(RBCs).

RBCs are the first to experience the oxidative
effects of ozone and to mount a response. Upon
contact with ozonated fluids in the blood, RBCs
undergo a transient dose-dependent decrease in
energy flux, estimated to be in the 5-25% range
over a period of 15-20 minutes, and then respond
with a rebound surge of heightened metabolism
and energy release along with outpouring of
antioxidant substances. Ozone induces ATP and
NADPH synthesis which spill into the blood to
neutralize the oxidizing effects of ozone [85-89].

INOVACUS

Heightened energy output by RBCs translates
into increased blood flow and energy delivery
to peripheral tissues. RBCs contain the enzyme
nitric oxide (NO) synthase and generate large
amounts of NO in response to oxidative stress
that, in conjunction with their energy release into
the blood, promotes diastolic function [90-101].
Ozone-related oxidative stress triggers activation
of hypoxia inducible factor (HIF) which, in turn,
augments release of vascular endothelial growth
factor (VEGF) and erythropoietin (EPO) which
stimulate angiogenesis, blood flow and oxygen
delivery to peripheral tissues [102, 103].

The first phase of the PC response, aimed at
generating increased blood energy levels, mediates
subsequent events at the cellular level. Energy
currents, carried in the extracellular fluid (ECF)
space, enter cells via ion channel mechanisms and,
in short order, enhance mitochondrial function
and cellular energy metabolism as well as inducing
a plethora of genes that counteract oxidative
stress. The second window of protection is driven
primarily by events at the cellular level as a result
of gene induction [104-110].

The most striking effect of ozone PC is mitigation
of the inflammatory response via suppression of
NLRP3 inflammasome activity. All inflammation
begins at the cellular level and is related to
impaired mitochondrial function due to insufficient
energy flow into the cell. Abnormal inflammasome
activation is a prominent feature of numerous
chronic diseases [111-115]. Inflammation in
conjunction with impaired diastolic function is
an invariant accompaniment of HF and CKD. The
immediate effect of PC is augmentation of energy
flow into cells throughout the body and alleviation
of mitochondrial dysfunction [116-121].

PC is now regarded as the most powerful form
of innate body-wide protection. It has been over
three decades since its discovery and 10,000’s of
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reports in the literature have detailed its various
aspects. Molecular biologists have identified
dozens of potential chemical mediators and various
mechanisms—heat shock proteins, adenosine,
various neurotransmitters, EPO, NO, oxygen-
derived free radicals, ATP-sensitive potassium
channels to name a few—and yet still have no
compelling explanation [122-132]. Thomas Kuhn
described this as ‘paradigm-induced blindness’.
But PC isn’t just a protective mechanism intended
to counteract physiological stresses. It is the means
by which the cardiovascular system and blood
function day-in and day-out to maintain energy
flux into tissues throughout the body. Impairment
of this primary energy generating system plays
a causal role in the genesis of acute and chronic
disease.

MICROVASCULAR DYSFUNCTION

In the 1970s and 80s cardiologists began to
observe increasing numbers of people who
presented with typical angina-like chest pain and
who, on exercise stress-testing, developed ECG
abnormalities consistent with myocardial ischemia
but, surprisingly, were found to have normal
appearing coronary arteries on angiography.

Named Cardiac Syndrome X in the 1970s,
symptoms result from diastolic dysfunction at
the microvascular level. Overall about 20-30%
of individuals with angina have no discernable
coronary plaques. Microvascular dysfunction is
present in most or all of these people. In many
cases blood inflammatory markers like C-reactive
protein are also elevated. A preponderance of
those affected are post-menopausal women [133-
136].

Originally thought to be benignitis now regarded as
a progressive condition linked to poor quality of life
and increased mortality. As the micro-circulation
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cannot be directly imaged diagnosis is made
largely by exclusion. Treatment is challenging and
symptoms often refractory to medications which
typically afford relief in other cases of angina.

Cardiac Syndrome X was another wake-up call
for medical scientists that went unheeded. At the
time angina was thought to be a result of arterial
plaques in large and medium-sized arteries that
restricted blood flow to the heart muscle. Based
on this pathologic mechanism their solution was
to surgically bypass the affected artery or to place
stents across the lesion. But such mechanical
approaches don’t impact the underlying functional
disturbance. Itis now recognized that all individuals
with coronary arterial disease have microvascular
dysfunction.

In one study of over 51,000 people who underwent
coronary stent placement for occlusive coronary
plaques, recurrent angina developed in 28% by 12
months and 40% by 36 months. Total healthcare
costs in these subjects were almost 2-fold higher
in the first year alone [137-142]. Recurrent
symptoms were attributed to microvascular
dysfunction. Evidence has continued to accumulate
in subsequent decades. By not addressing the
primary functional disturbance in a timely manner,
medical scientists have played a facilitating role in
the expanding epidemic of HF.

Coronary microvascular dysfunction is not limited
to the heart but, instead, is a body-wide process.
As Galen claimed, the heart and vascular system
functions as one. Multiple organs, including brain
and kidneys, are affected [143-147]. Many with
coronary microvascular dysfunction have abnormal
brain perfusion and are at higher risk for neurologic
problems like stroke. Microvascular dysfunction
goes hand-in-hand with diabetes, hypertension,
and the autoimmune diseases. Microvascular
dysfunction, like the PC phenomenon, is a whole-
body process.
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During periods of increased physical activity or
emotionally stressful situations microvascular
dysfunctionimpairs energy flow to the myocardium,
aka ‘decreased coronary flow reserve’, producing
scattered areas of muscle ischemia which evoke
anginal symptoms. While coronary plaques typically
affect particular geographic regions, microvascular
dysfunction involves the entire heart. Consistent
with its systemic nature, coronary flow reserve can
be estimated by measuring waveforms in other
vascular territories like the retinal arteries [148].

Impaired microvascular function results in
diminished energy generation and mitochondrial

dysfunction in  endothelial cells causing
inflammation [149-151].  Oxidative  stress
in endothelial cells, in turn, induces NLRP3

inflammasome formation and cytokine release
triggering an immune response and the so-called
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cytokine storm. The response is not limited to the
endothelium. Whether involving cardiac myocytes,
renal tubular cells, or brain neurons, microvascular
dysfunction sets into motion a spiral of chronic low-
grade inflammation which, in turn, is exacerbated
by risk factors like diabetes, hypertension, obesity,
or elevated blood lipids [152-159].

The intertwined relation between microvascular
dysfunction and endothelial inflammation is seen
most vividly in arterial wall calcification. Calcium
deposition takes place in vessels affected by
chronic endothelial inflammation leading to loss
of elasticity with stiff, non-compliant arteries [160-
168]. Arterial wall calcification can occur anywhere
in the body. Not surprisingly, breast arterial
calcifications are associated with a higher risk for
stroke and heart attack [169-171] (Figure 1).

Figure 1: Breast arterial calcifications on mammography in a 64yo hypertensive, diabetic woman.
(Courtesy of Eghosa Olomu, MD)
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Arterial calcification is associated with pathologic
states like the metabolic syndrome, diabetes,
autoimmune disorders, hypertensive disorders of
pregnancy, cancers, even normal aging. In one large
study of 30-49-year-old adults tested for coronary
arterial calcification, over one-third (34.4%) had
calcifications. More extensive calcification was
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associated with a 5-10-fold higher cardiovascular
mortality [172]. Other studies found extensive
systemic arterial calcification have a 3- to 5-fold higher
all-cause mortality rate [173-176]. Calcifications may
be present long before symptoms of heart disease,
stroke, and/or signs of renal impairment appear
(Figures 2 & 3).

Figure 3: Dense calcifications on CT in the abdominal aorta of a 78yo male with
hypertension and severe peripheral artery disease.
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Microvascular dysfunction is a central player in
type |l diabetes [177-181]. The relationship is
bidirectional. Diastolic impairment promotes
insulin resistance resulting in decreased delivery
of insulin and glucose to cells; elevated blood
glucose and insulin levels in turn induce further
microvascular dysfunction. And these aberrations
are plainly related to reduced blood energy
secondary to diminished energy generation by the
cardiovascular system.

Microvascular dysfunction and reduced energy
flow to the kidneys induces activation of the renin-
angiotensin system, release of vasoconstrictor
substances by the adrenal glands, and systemic
hypertension [182-188]. This too sets into motion a
self-amplifying, bi-directionalspiralofdeterioration:
hypertension worsens microvascular dysfunction
and exacerbates endothelial inflammation which,
in turn, further reduces energy flow to the kidneys.
This intertwined relationship forms the basis of the
so-called cardiorenal syndrome which isn't really a
distinct syndrome but simply the recognition by
medical scientists of a relationship between the
two organs based on interdependency of energy
flow.

Hypertension is the most common pathway leading
into the deteriorating spiral of HF. Hypertension
increases cardiac ‘workload’, i.e. the resistance
against which cardiac muscle cells must function
and induces adaptive remodeling of the heart
and left ventricular hypertrophy (LVH) [189-193].
Microvascular dysfunction and inflammation
promote deposition of fibrous tissue in cardiac
muscle cells leading to progressive activity-related
fatigue and, eventually, physical incapacitation.
The stepwise transition from early hypertension
to LVH to HF is governed entirely by microvascular
dysfunction and reduced energy generation.

Microvascular dysfunction is an invariant feature
in the spectrum of CKD and causally mediates its
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spiral of deterioration [194-195]. As in the heart
impaired diastolic function triggers inflammation
and immune activation. LVH compounds the
pathologic process by adversely impacting
renal blood flow, glomerular filtration and renal
energy extraction. Abnormal waveforms, i.e.,
microvascular dysfunction, in the retinal arteries
are predictive of progression to CKD [196].

The full implication of the intertwined cardiorenal
dynamics come to bear in one grim fact: as CKD
progresses one observes acceleration on a stage
by stage basis of cardiovascular morbidity and
mortality. Most people with CKD die of heart disease
[197-206]. Likewise, treatments over the past
half-century aimed at correction of hypertension
resulted in blood pressure reductions and lower
rates of heart attack, stroke and intracranial
hemorrhage but had little impact on microvascular
dysfunction or its progression to HF and/or CKD.
Once again, medical scientists must shoulder a
lion's share of responsibility for the expanding
epidemic of HF and CKD.

A central theme in the genesis and evolution
of HF and CKD is deterioration of the blood, the
commonly shared milieu upon which all bodily
functions depend. Not only does blood carry
nutrients and growth factors that enable proper
organ function, but its fluids — i.e. water — serve
as a carrier for the organized energy field which
orchestrates all cellular functions in the body.
There has been little written in the modern medical
literature about blood's primary causal role and
yet for 1500 years it formed the basis for Roman
physician Galen's system of humoral medicine
[207]. His functionally-based system of medical
thought and practice was arbitrarily discarded by
chemically oriented scientists in the 18" century
without ever refuting its claims.

The dynamic state of blood strongly influences
the development and progression of HF and
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CKD. Blood accounts for about 7-8% of total
body weight in the average adult with the RBC
mass estimated to be about 2.3kg (5lb). RBCs
are highly metabolically active and, through
their iron-containing hemoglobin, generate large
electromagnetic currents that course through the
blood and ECF space. As we saw RBCs mediate the
PC phenomenon.

Many studies substantiate the deleterious
effect of anemia in chronic disease. Anemia
is a frequent accompaniment of HF, CKD and
chronic conditions like diabetes [208-223]. The
relationship is bidirectional: the severity of anemia
is often related to the stage and/or duration of the
underlying disease; conversely, the presence of
anemia directly impacts disease progression. Like
hypertension and diabetes, anemia is associated
with diastolic and microvascular dysfunction
as well as diminished blood energy generation
[224-228]. Anemia of any cause is independently
associated with increased cardiovascular events
like myocardial infarct, HF, and all-cause mortality.
The critical element seems to be hemoglobin.

In diabetes hemoglobin (Hgb) undergoes
irreversible glycation to form HgbA1C which has a
markedly reduced (or absent) energy generating
potential. HgbA1C is a reliable indicator for blood
glucose controlindiabeticsand apowerful predictor
for progression of diabetes and/or cardiovascular
complications: higher blood glucose levels are
associated with higher HgbA1C levels which, in
turn, are directly related to worse outcomes.
Chronic hyperglycemia is directly implicated with
worsening of microvascular dysfunction [229-235].

Studies assessing mortality risk and HgbA1C levels
found a continuous linear relationship between
HgbA1C levels and all-cause mortality in diabetic
and non-diabetic populations. Lowest mortality
rates are seen with levels less than 5% and, with
each 1% increment, the relative risk increases
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independent of all other risk factors. HgbA1C levels
are momentary snapshots of blood energy status
and the ability of RBCs to generate and maintain
the body-wide energy field.

The intertwined nature of RBCs, Hgb and blood
energy dynamics come full circle in the PC
phenomenon: as diabetes, HF, and CKD progress,
the PC response becomes blunted and, in
advanced cases, disappears altogether [236-239].
This affirms the key role of RBCs in the generation
and maintenance of blood energy levels. It also
represents a major therapeutic challenge for any
attemptsintending to halt progression or to reverse
the course of these debilitating and progressive
conditions.

HEART FAILURE DYNAMICS

The failed systolic pump model of heart function
advanced by William Harvey and Ernest Starling
formed the basis for all notions of HF in the latter
half of the 20" century not to mention serving
as a flawed rationale behind a handful of largely
ineffective therapies. Proper diagnosis and
treatment of HF depends on accurate knowledge
of the pathophysiology which must include energy
dynamics.

Studiesinthe 1960sfoundthat HF was characterized
by elevated pressures in the left ventricular (LV)
chamber coupled with reduced LV stroke volume,
i.e., the amount of blood ejected with each
contraction. Based on such evidence researchers
devised an equation to estimate the efficiency of
LV contraction— essentially a simple ratio between
left ventricular stroke volume and the volume of
blood in the ventricle at the end of the diastolic
filling phase. A low left ventricular ejection fraction
(LVEF) is suggestive of HF.

Clinical studies supported the predictive value of
LVEF in the diagnosis of HF and, moreover, found
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that lower values were associated with worse
clinical outcomes. Over the years LVEF became
uncritically accepted as a universal criterion for
assessment of LV pump function. International
guidelines arbitrarily designated an EF of 45% or
less as the cutoff for heart failure. For decades LVEF
has been the primary means by which clinicians
assess LV and heart function and make clinical
determinations. But LVEF only gives an illusion of
objectivity and certainty [240-242].

LVEF measurements are situation dependent
and only moderately reproducible. They readily
fluctuate with changes in blood pressure and heart
rate. In that LVEF is based on blood volume, it is
insensitive to primary functional indicators like
muscle contractility and pressure. In the real-world
ventricular contraction is diminished by elevated
pressuresinthe ventricular chamber before systole,
aka ‘preload’, which, in turn, are directly impacted
by diastolic dysfunction; ventricular contractility
is also impeded by the arterial pressures against
which it must pump, aka ‘afterload’, which are
increased in hypertension. The measurement
of LVEF is also affected by the chosen imaging
method which can result in variances of up to 10-
20% [243, 244]. And for any given LVEF value the
risk for poor outcomes is increased by coexisting
conditions like diabetes, hypertension, anemia and
kidney function.

The most serious blow, however, came in recent
decadeswiththerecognitionthatalarge percentage
of HF patients do not have reduced LVEF. Called
heart failure with preserved ejection fraction
(HFpEF), its incidence has spiked dramatically in
recent decades and now accounts for more than
50% of chronic HF. HFpEF is more likely to affect
women, the elderly, and people with comorbid
conditions like diabetes and obesity. As with other
forms of HF, treatment is largely ineffective [245-
2438].

INOVACUS

Like Cardiac Syndrome X there are often no
obstructing plaques in the coronary arteries and
progressive deterioration is driven primarily by
diminished flow reserve, i.e., impaired energy
generation in the blood [249, 250]. This, in turn,
manifests in microvascular dysfunction and
inflammation throughout the circulatory system.
Once mitochondrial function in cardiac myocytes is
affected the pathological cascade associated with
HF — muscle hypertrophy, remodeling of the heart
wall, fibrosis and more — is set into motion. All
observed pathology is downstream to the primary
energy deficit. Experimental science has spent the
last century studying wine in order to understand
the grape.

Just as the discovery of active ventricular dilation
in the 1980s overturned the reigning systolic
pump model and forever changed notions of heart
function, the recognition of HFpEF upends the
existing model of HF and demands an entirely new
conceptual framework. Systolic function and LVEF
are only isolated aspects of the HF spectrum. As
a clinical syndrome HF is a final common pathway
into which multiple distinct functional disturbances
ultimately merge and blend.

Given the volume of high-quality evidence that
has surfaced in recent decades it is astonishing
that medical scientists have yet to formulate
a coherent explanation for HF — yet another
example of paradigm-induced blindness. They
describe three main entry points into HF:
hypertension with activation of the adrenal axis

and LVH, i.e., hypertrophic cardiomyopathy;
those in  which microvascular dysfunction
and metabolic disturbances dominate, i.e.,

restrictive cardiomyopathy; and those in which
primary inflammation of the heart as seen with
viral myocarditis are responsible, i.e., dilated
cardiomyopathy. In reality the three overlap and
interpenetrate; there are few pure forms.
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While acknowledging the role of microvascular
dysfunction and inflammationin all these precursor
pathways scientists persist in their attempts to
explain the various forms of HF on the basis of
cellular and genetic mechanisms in much the
same way Ptolemaic astronomers continued for
centuries to use the geocentric model to explain
planetary motions. Consciousness always wakes
up late.

To observe the striking differences in cardiac
morphology related to remodeling in the various
forms of HF leaves little doubt that dynamic
mechanisms are at play. The different patterns
of remodeling can only be explained by opposing
mechanical forces arising from within the blood
and heart wall. The magnetic field in the blood is
responsible for the outward motion of the heart
and arteries while sympathetic constrictor nerves
induce the opposing contractionary force. The
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disposition of such forces is influenced by real-
time interactions between the heart, kidneys, and
blood. In Galen's humoral system of medicine not
only was blood the source of all energy flow in the
body but each organ possessed its own special
‘power’. Clearly the term power can be taken in a
literal sense.

In hypertrophic cardiomyopathy as blood energy
content diminishes the kidneys, through the
renin-angiotensin system, activate the adrenal
axis increasing heart rate and force of contraction
thereby augmenting energy generation. While
this boosts energy flux in the short term, over a
protracted period it sets the stage for chronic
hypertension and subsequent LVH [251-253]. This
early phase of hypertrophic cardiomyopathy can
often be seen in young and middle-aged adults
with hypertension who present with isolated LVH
in the absence of cardiomegaly (Figures 4 & 5).

Figure 4: Normal appearing heart on coronal and axial contrasted CT images in a young adult.
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Figure 5: Coronal and axial contrasted CT images showing mild LVH without
cardiomegaly in a hypertensive young adult.

As the energy deficit deepens cardiac remodeling and right ventricle (RV) causing their dilation and
markedly alters systolic and diastolic mechanics. inducing cardiomegaly. Eventually wall thickening
Ventricular wall thickness continues to increase inthe RV may occur but never to the extent seenin
with the wall becoming stiff, noncompliant and the LV. Individuals may develop pulmonary arterial
fibrotic [254, 255]. Progressive diastolicdysfunction  hypertension as well [256]. After several decades of
results in elevated end-diastolic pressures which progressive deterioration full blown hypertrophic
'back-up' into the left atrium, pulmonary arteries, cardiomyopathy and HF ensue (Figure 6).
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Figure 6: Coronal and axial contrasted CT images of cardiomegaly with moderate (top two images)
and severe (bottom two images) LVH and hypertrophic cardiomyopathy.
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The blood-borne metabolic pathway into HF, i.e.,
restrictive cardiomyopathy, evolves differently.
Subjects are usually middle-aged or older adults
with a history of obesity and/or diabetes who
develop recurring episodes of angina-type
chest pain (with or without coronary plaques)
and progressive inability to perform normal
daily activities [257-260]. Rhythm disturbances,
especially atrial fibrillation (AF), may occur [261,
262]. In one study, among people with new onset
AF, 37% had coexisting HF; in people with known
HF up to 60% developed AF. This same population
is also more likely to present with primary
pulmonary arterial hypertension and/or signs of
right-sided HF like edema in the lower extremities.
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As opposed to early hypertrophic HF, the energy
deficit in restrictive cardiomyopathy is global,
affecting all regions of the heart and both systole
and diastole. But the primary driver is diastolic
dysfunction. During periods of increased activity
there is rapid buildup of pressure in the cardiac
chambers impeding blood flow, hence the term
'restrictive,' that persist long after cessation of
activity and may even precipitate congestive failure
[263]. In this pattern of remodeling the heart is
more likely to develop concentric enlargement
all four chambers and take on a more globular
appearance (Figure 7).

Figure 7: Coronal and axial contrasted CT images of 67yo male with diabetes and HFpEF.

The third entry path into the HF syndrome, dilated
cardiomyopathy, is related to chronic myocardial
inflammation [264-266]. The most common cause
appears to be viral myocarditis. Affecting any
age group, it is being seen in young and middle-
aged adults with increasing frequency. It presents
frequently as deteriorating cardiac function in the
absence of abnormal intraventricular pressures or
coronary artery disease. Because myocardiumisthe
primary target there is enhanced arrhythmogenic
potential and risk for sudden death [267].

Chronic  myocardial inflammation resembles
an autoimmune disorder with activation of
pro-inflammatory  cytokine  pathways and
autoantibodies directed against cardiac muscle
[268-271]. In dilated cardiomyopathy progressive
destruction of heart muscle occurs with loss
of contractility leading to primary systolic HF.
The most common imaging finding is a diffusely
enlarged thin-walled heart with disproportionate
dilation of the chambers (Figure 8).
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Figure 8: Contrasted coronal and axial images in a 50yo male with dilated
cardiomyopathy. Etiology unknown.

The energy dynamics responsible for the
globular 'water pouch' morphology in dilated
cardiomyopathy reveal yet another example of
flawed reasoning based on the obsolete systolic
pump model. Once negative intraventricular
pressures in early diastole were discovered
researchers claimed they resulted from ‘elastic
recoil' of the fibrous cardiac skeleton induced
by the torsional rotation of the myocardium
during systole. This is utterly ridiculous. How
does this explain the marked cardiomegaly and
disproportionate dilation of the chambers when
there is insufficient muscle to generate such a
torsional force? The outward expansion of the

heart and arteries originates in the blood.
CHRONIC KIDNEY DISEASE

Progressive renal failure sets into motion an
ever-widening nest of morbid consequences —
hypertension, anemia, electrolyte imbalances,
metabolicacidosis,and mineralbone disease (MBD)
not to mention at least a 20-fold higher incidence
of adverse cardiovascular events compared with
the general population. Given the broad impact of
such conditions on healthcare systems across the
globe the astronomical costs attendant with CKD
are not at all surprising [272].

In 1812 a paper appeared in the journal Medical-
Chirurgical Transactions by a Dr. Wells who related
his experiences with various forms of 'dropsy,’
i.e., edema, which is due to accumulation of fluid
in the ECF space beneath the skin [273]. By then
chemists had developed methods to analyze urine
for the presence of proteins like alboumen. Among
29 patients with 'dropsy of the skin,' i.e., edema in
the lower extremities, 23 had protein in their urine.
Proteinuria is now regarded as a primary sign of
acute renal injury and chronic kidney disease.

Wells further observed that dropsy was often
associated with chest symptoms like cough and
difficulty in breathing. A number of individuals
had 'hydrothorax,' i.e., fluid in the pleural space,
suggesting chronic HF. Two-thirds of such cases
had protein in their urine. Wells concluded that
this clinical constellation constituted a distinct
pathologic syndrome.

In 1827 English physician Richard Bright described
25 cases of dropsy, many of whom had proteinuria
and which, on subsequent postmortem
examination, were found to have marked pathologic
changes in the kidneys [274]. Thereafter the triad
of dropsy, proteinuria, and kidney dysfunction
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became known as Bright’s disease. Bright later
described an association between proteinuria
and LVH. Decades later investigators found that
elevated blood pressure often occurred before
the onset of proteinuria and seemed to play a
mediating role. The functional basis for these
intertwined pathologies would remain obscure for
nearly 150 years.

Based on the systolic model of heart function, renal
impairment was thought to be a consequence
of diminished arterial inflow to the kidneys. The
20t century concept of renal failure held that
the kidneys interpreted diminished renal arterial
inflow as indicating fluid depletion. To correct this
the kidneys responded in two ways: they increased
retention of sodium and water by the collecting
tubules (which led to volume overload and edema),
and they activated the renin-angiotensin system in
order to raise cardiac output and increase renal
blood flow (which led to hypertension). But this
explanation never held water.

A 2008 study examining circulatory dynamics
associated with worsening renal function in
HF patients found that the arterial flow model
failed to explain the deterioration. The strongest
determinant was elevated right atrial pressure, i.e.,
diastolic dysfunction [275]. A study in 2009 study
also found that increased venous pressure was
the most important factor leading to worsening of
renal function [276].

Elevated central venous pressure (CVP), i.e,
backward failure, is now recognized to be the
primary driver of deteriorating renal function.
Transmission of elevated CVP into the kidneys raises
intrarenal pressure which secondarily restricts
arterial inflow. The kidneys aren't reabsorbing more
sodium and water. Instead, due to increased back-
pressure, the normal pressure gradient between
arteries and veins is diminished so that less urine
and sodium can be filtered. This same mechanism
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explains proteinuria. Impaired RV diastolic function
also causes accumulation of fluid in the ECF space
of the lower extremities causing edema. For over
200 years dropsy could not be explained on the
basis of the Harvey-Starling systolic model. Now
the answer is obvious. Why didn't scientists ever
put 242 together?

The relation between increased renal vein pressure
and decreased kidney function was recognized
well over a century ago but never incorporated
into the conceptual framework. In 1861 German
physiologist Ludwig observed in lab animals that as
renalveinpressuresincreased urineflow decreased.
In 1931 Winton described a 'steeply graded' linear
relation between renal venous pressure and urine
flow [277]. Arterial inflow was less significant than
elevated venous pressure. In the 1980s studies
found that transient compression of the renal
veins decreased the filtration rate of urine along
with sodium excretion [278-280]. Such dynamics
are in play with antihypertensive therapies.

In the 1990s studies found that antihypertensive
treatments with angiotensin converting enzyme
(ACE) inhibitors designed to block activation of the
renin-angiotensin system delayed progression of
CKD and reduced proteinuria, in some cases by up
to 40-80%. Studies found increased endothelial-
dependent dilation, i.e., diastolic function, which
in turn reduced venous back-pressure [281-290].
Not only was the systolic framework incapable
of explaining such findings it actually prevented
researchers from interpreting results correctly.
And yet current methods used to evaluate renal
function don't even consider diastolic function.

To gauge severity of CKD a quantitative method
known as glomerular filtration rate (GFR) is used,
a ratio between the concentration of creatinine in
the urine versus in the blood adjusted for 24-hour
urine volume. For decades GFR has been regarded
as a benchmark for estimation of renal function
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but, like LVEF, it involves some shaky assumptions
and statistical hocus-pocus.

Creatinine, a breakdown product of muscle
metabolism, is freely filtered by the glomeruli and
excreted into the urine. But renal tubules also
secrete it into the urine so it doesn't just reflect
glomerular filtration. Creatinine levels in the blood
fluctuate according to physical activity, age, dietary
protein intake and hydration status. Individuals
can have significant elevations in blood creatinine
without impaired renal function and, conversely,
relatively normal blood creatinine levels in the
presence of impaired renal function.

In recent decades a statistically derived method
has been widely used called estimated GFR (eGFR)
that takes into account factors like age, gender,
and body mass. A 2019 report analyzed 70 studies
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comparing eGFR with measured GFR in 40,000
renal transplant patients and showed that eGFR
often varied by 30% or more and incorrectly staged
60% of CKD patients [291, 292]. The eGFR method
is but an estimate of an estimate. And it assumes
that glomerular filtration is the only function that
matters.

No doubt a primary function of the kidneys is to
filter fluids, ions, solutes and impurities from
the blood. But is there more to renal function
than meets the eye? And how do blood energy
dynamics fit into the picture? By necessity kidney
function must entail not only elimination of wastes
and superfluous materials but extraction of energy
from the filtered arterial fluids so as to preserve
blood energy content, otherwise large amounts of
energy would be lost down the toilet.
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Image credit: Steve Barshov

Figure 9: Small venous tributaries lie in close proximity to the collecting tubules.
Reabsorption of glomerular filtrate back into the vascular system is effected by suction
pressure generated by the right ventricle during diastole.
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Observe in Figure 9 that energy-laden arterial
blood, once filtered by the glomerulus, passes
through the renal collecting tubules. The tubules
lie in close proximity to tiny venules and it is the
suctional force of the RV that draws energy currents
and fluid back into the venous system. Moreover,
the energy content of the filtered fluid itself creates
the directional flow gradient along which the fluid
and ions move back into the venous system, in the
manner that electrical currents always travel along
voltage gradients.
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The defining attribute of healthy kidney function
is not glomerular filtration but the ability to
concentrate urine [293-296]. As they remove
wastes and spent materials from the tubular
filtrate, the kidneys extract an ultra-pure fluid with
high energy content which returns to the vascular
system via the renal veins. This enriched fluid —
which definitionally is ECF — enables venous blood
to efficiently bind oxygen during passage through
the lungs and to undergo energetic transformation
in the heart. As the kidneys fail, the quality
of the blood deteriorates. For this reason, we
regard the kidneys as guardians of the ECF space.
Deterioration in ECF energy content plays into the
amplifying spiral of CKD (Figures 10 & 11).

Figure 10: Contrasted coronal and axial CT images of normal appearing kidneys in a young adult.
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Figure 11: Coronal and axial contrasted CT images in moderate CKD (top two
images) and end-stage renal disease (bottom two images). Note loss of volume
associated with progressive cell death & fibrosis.

The kidneys are highly metabolically active and
receive about 25% of blood flow from the heart.
The concentration of mitochondria in renal cells
is second only to cardiomyocytes. Mitochondria
synthesize energy substances like ATP and NADPH
which drive cellular activity [297-301]. During
periods of oxidative stress when mitochondrial
function is disrupted, reactive oxygen species
are produced which damage cellular structures
and trigger inflammation. This, in turn, elicits an
immune response via NLRP3 inflammasome and
cytokine pathways that, ultimately, results in cell
death [302, 303].

Chronic low-grade inflammation with impaired
mitochondrial function is the hallmark of CKD.
In healthy kidneys, fibroblasts are responsible
for maintenance of renal architecture. During
prolonged ischemic injury fibroblasts are activated
and functional tissue is gradually replaced by
connective tissue. Progression of CKD forms a
nearly invariant common pathway that builds
in step-by-step fashion: diastolic dysfunction =
impaired renal tubular function - proteinuria -
cytokine-mediated inflammation - progressive
cell death and loss of function - activation of
fibroblasts = renal fibrosis and scarring. Due to its
silent nature CKD is not usually diagnosed until in
advanced stages [304-307].
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VITAMIN D AND THE ECF SPACE

By the early 20" century it was known that
sunlight, ultraviolet light and cod liver oil were
effective in preventing and reversing rickets, a
metabolic bone disease, the incidence of which had
skyrocketed in industrialized urban areas within
upper northern latitudes [308-310]. In the 1920s
researchers discovered that the active principle
in cod liver oil was vitamin D which, through
unknown mechanisms, effected transformation of
ambient light energy resulting in the amelioration
and reversal of the bone and mineral pathology
of rickets. We describe the means by which such
energy transfers occur in an earlier piece [311].

In the 1980s reports began to surface documenting
deficient vitamin D levels in various infectious and
autoimmune disease like tuberculosis, multiple
sclerosis, diabetes, inflammatory bowel disease
rheumatoid arthritis, psoriasis and more [312-
339]. In that chronic inflammation is indicative of
deficient energy flux we can assume that vitamin D
mediates energy transfers in the body.

In the general population low vitamin D levels
are associated with increased all-cause and
cardiovascular mortality [340-352]. Vitamin D
deficiency in healthy populations is associated
with increased arterial stiffness, microvascular
dysfunction [353-356].
Conversely, vitamin D supplementation leads to
improvement in vascular dilation and reduction
in LVH as well as inflammation [357-359]. Quite
clearly vitamin D plays an active role in the body's

and inflammation

energy economy.

Vitamin D deficiency iscommon among people with
CKD and is associated with progression of disease
and adverse cardiovascular outcomes. Low vitamin
D levels trigger activation of the renin-angiotensin
system and are associated with hypertension,
impaired diastolic function and inflammation [360-
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362]. Vitamin D deficiency disrupts the endocrine
axis between the kidneys, parathyroid glands
and bone compartment setting into motion the
syndrome known as CKD-MBD (mineral and bone
disorder), a plethora of abnormalities driven by
hormones like PTH and FGF-23 whose effects
escalate the deterioration [363-367].

In 1969 researchers discovered the vitamin D
receptor which mediates the effects of vitamin
D at the cellular level. Over the ensuing decades
vitamin D receptors were found in over 30 tissues
throughout the body including kidneys, skin, bone,
intestines, pancreatic B-cells, prostate, breast,
muscle, adipose tissue, as well as the immune
system. Activated vitamin D influences at least
500 different gene activities through receptor-
mediated epigenetic mechanisms [368].

Given such widespread biological impact one
would expect vitamin D to be a panacea for every
conceivable form of inflammation but such is
not the case. For every study showing benefits
with vitamin D supplementation another finds
no effect [369]. Some studies find that vitamin D
administration in CKD improves clinical outcomesin
MBD and reduces proteinuria; others find it has no
effect on either CKD progression or cardiovascular
outcomes [370-374]. Why are results so mixed? It
would appear that the rate-limiting step lies not
in synthesis of vitamin D but its conversion into a
biologically potent state.

Through photosynthesis-like mechanisms, radiant
energy in the skin induces vitamin D formation
which, subsequently, is transformed to its
intermediary 25(0OH)D, and, finally, to the highly-
active 1,25(0H),D, form, which is said to be 500-fold
more biologically active. These latter two energy-
requiring steps are effected by the ubiquitous
superfamily of enzymes known as the cytochrome
p450 system. Studies suggest their activity is
dependent on water-borne energy currents and/
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or external radiant energy [375-378]. And herein
lies the basis of the vitamin D-associated bone
pathology in CKD.

All physiological functions in the body, including
outward dilation of the heart and arteries, are
effected through conformational changes of
proteins which, as with the heart, represent
states of polarization and depolarization. To be
biologically active proteins must acquire a so-
called hydration shell, consisting of multiple
layers of water molecules, which is instrumental
in determining not only 3D protein structure
but the folding process itself [379-384]. Energy
disposition in the ECF not only plays a primary
role in conformational changes in normally folded
proteins but in pathological states like the protein
misfolding disorders [385-389].

The hydration shell surrounds hydrophilic domains
of most intracellular proteins and organizes into
a complex semi-crystalline matrix with gel-like
consistency. Hydration shell water has physical
properties distinct from that of water in the
adjacent fluid spaces including net negative charge,
higher pH, and increased density. Such physical
differences implicate a voltage gradient and energy
flow. When the ECF is energy-depleted, function
of enzymes like the cytochrome p450 system
is disrupted thereby impeding energy transfers
and, in the case of vitamin D, formation of highly-
active 1,25(0OH),D,. As the function of the kidneys
deteriorates so too does the energy content of the
ECF.

The trail of escalating bone pathology begins in
the kidneys [390-392]. Normally blood calcium and
phosphate are tightly regulated and fluctuations
are offset by altered absorption in the gut and/or
excretion by the kidneys. With progressive death
of renal cells and deterioration in ECF energy status
two things happen: insufficient conversion of
vitamin D into active 1,25(0H),D, to meet energy
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needs, and, impairment of tubular reabsorption
and/or secretion of calcium and phosphate. This
leads to increased phosphate in the blood and loss
of calcium in the urine [393, 394]. Parallel to this
progressive leeching of minerals from the bone,
i.e., osteoporosis, takes place with heightened
fracture risk [395].

In response to altered renal function bone cells
release a substance called fibroblastic growth
factor-23 (FGF-23) which worsens the situation
[396-400]. While increasing urinary phosphate
excretion, FGF-23 blocks synthesis of vitamin D,
impairs microvascular dysfunction, accelerates
arterial calcification, promotes LVH, and activates
fibroblasts leading to progression of CKD and
fibrosis. The parathyroid glands join in the fray
by increasing secretion of the hormone PTH
to augment vitamin D synthesis and normalize
bone metabolism which, once again, amplifies
the spiral of deterioration [401-403]. A blow-by-
blow description of events is pure overkill. All
downstream pathology follows on the heels of
microvascular dysfunction and impaired energy
generation which, in turn, lead to worsening renal
function, attenuation of energy flow into the ECF
space, and acceleration of bone pathology.

OMNIA INCIPIT IN SANGUINE

In this final section we return to where we began
— the organized blood-borne energy field — and
consider the implications of this profoundly
transforming rediscovery.

If, as Galen claimed, everything begins in the
blood, and if, as we now see, both HF and CKD
are manifestations of a progressively expanding
energy deficit, then, as a self-evident principle,
all therapeutic attempts must be oriented toward
replenishment and restoration of the debilitated
energy economy. Therapies must address dynamic
causes, which is to say microvascular and diastolic
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dysfunction, otherwise there will be no stabilization
or reversal of HF and CKD. We catch a glimpse of
this principle at play in current therapeutics.

In 2014 a new class of hypoglycemic agents, the
sodium-glucose transport (SGLT2) inhibitors,
was introduced for the treatment of diabetes.
Under normal circumstances all filtered glucose
is reabsorbed into the blood by the renal tubules
with no spillage into the urine. A class of receptors
in the proximal renal tubule known as the SGLT2s
reabsorbs about 80% of the glucose. SGLT2
inhibitors block function of these receptors leading
to increased loss of glucose in the urine and
resultant lowering of blood sugar levels [404-406].
Clinical studies affirmed improved glycemic
control but it soon became apparent their actions
extended far beyond lowering blood sugar.
SGLT2 inhibitors induced weight loss, lowered
hypertension, reduced cardiac arrhythmias,
decreased proteinuria, delayed CKD progression,
and improved outcomes in HF [407-414]. Effects
were mediated by increased microvascular and
mitochondrial function [415-423]. SGLT2 inhibitors
are also associated with significant reductions
in Hgb A1C [424, 425]. Improved microvascular
function must be related to increased energy
generation by RBCs related to decreased blood
glucose levels [426, 427].

For obvious reasons SGLT2 inhibitors are not a final
solution but the accidental discovery of beneficial
effects points in a potentially fertile direction:
therapeutic strategies should be aimed at
enhancing RBC function and restoration of the PC
response. Gradual optimization of PC should, over
time, augment energy dynamics in the blood, ECF
space and intracellular milieu. This would seem to
be the best (and possibly only) option for potential
reversal of these conditions. On the other hand,
failure to address energy dynamics will result in
predictable consequences as our final example
illustrates.

INOVACUS

Anemia is a very common complication of CKD
and HF. Overall about 25% of those with CKD
develop anemia and by the time end-stage disease
supervenes at least 75% are affected [428-430].
The prevalence of anemia in HF ranges from about
10% to 70% which is also stage-dependent [431].
In both cases anemia is associated with diminished
quality of life, progression of disease, increased
hospitalization rates, and higher mortality.

Treatment of anemia remains controversial and
far from ideal. Over the past three decades,
iron supplementation, blood transfusions, and
erythropoiesis-stimulating agents (ESAs) like EPO
have been the mainstay but each has a downside.
Oral and intravenous iron are associated with
gastrointestinal side effects and infusion reactions.
Excess iron induces free radical damage in cells and
increases the risk of infection. Blood transfusions
are associated with autoimmune reactions and
autoantibody formation [432-434].

Since their release in 1989 ESAs have been regarded
as the standard of care despite a black box warning
alerting users to an increased risk for death, heart
attack, stroke, blood clots, increased risk of tumor
progression and shortened overall survival. And
raising Hgb too much also worsens outcomes.
Recent studies found increased risk of death and
adverse outcomes with ESAs when attempts were
made to raise Hgb into normal range [435-438]. This
is undoubtedly related to diminished blood energy
generation; attempts to stimulate RBC synthesis
pull energy away from other vital functions; they
rob from Peter to pay Paul.

Based on such pitfalls the search for a more suitable
means to address the anemia problem continued
eventually leading back to the PC phenomenon.
In the early 1990s scientists identified a substance
they called 'hypoxia inducible factor' (HIF) which
is released during the early ischemic phase of the
PC response and which appears to play a key role
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in mediating its effects. HIF induces a plethora of
genes including those involved in production of
RBCs, EPO and iron-transport proteins. Its potential
to coordinate RBC synthesis and iron metabolism
led many to regard HIF as an ideal successor to
the ESAs for addressing the anemia dilemma [439-
446].

But HIF is rapidly degraded by an enzyme, prolyl
hydroxylase, and its effects are short-lived. To
overcome this snag scientists developed a group
of compounds known as the prolyl hydroxylase
inhibitors (HIF-PHIs) that block its degradation
and prolong its activity. In recent years dozens of
clinical trials have evaluated the effect of these
agents on anemia outcomes in CKD and, finally,
in 2019 they were approved for use in various
European and Asian countries although not in the
US. Unfortunately, the HIF-PHIs performed little
better than ESAs.

The effect of HIF-PHIs on RBC production was
similar to that of the ESAs or, in research jargon,
‘non-inferior’. And while they might improve iron
metabolism, supplementation is still necessary.
Andthenthereisthe thorny problem of side effects.
In a pooled analysis of four major clinical trials,
one of the agents, roxadustat, had a 6-fold higher
incidence of venous thrombosis, 4.8-fold increase
in pulmonary embolism, a 5.4-fold increase in
seizures and a 2.4-fold increase in septic shock
compared with placebo. It was also associated
with higher adverse cardiac events and all-cause
mortality [447-449]. Other reported side effects
of the HIF-PHIs include gastrointestinal erosions,
progression of renal fibrosis, hyperkalemia,
activation/reactivation of cancers, progression
of diabetic retinopathy and pulmonary arterial
hypertension [450]. Doesn't the safety profile look
just a bit worrisome?

The question raised by such results has less to
do with the relative efficacies of HIF-PHIs versus

INOVACUS

ESAs but, instead, why do each of them have
such marginal effects on anemia correction and
improvement in outcomes? The answer can only
be found in the deterioration of the blood-borne
energy field. Both agents obviously activate
specific energy-requiring functions in targeted cells
but if energy status is marginal then results will be
less than desirable. The profusion of side effects,
especially those involving the vascular system such
as clot formation, indicate energy is being actively
drawn out of the blood for other functions. The
inescapable conclusion is that any attempt to
modify outcomes in HF and CKD, or their morbid
consequences, must address the energy equation.

EPILOGUE

We have shown that the origins of HF and CKD, two
of the most ubiquitous organ failure syndromes
globally, lie not in the cellular and molecular
domains as scientists have long claimed but,
instead, are energetic in nature and related to
the intertwined impairment of heart and kidney
function culminating in progressive deterioration
of the blood-borne energy field.

The inability of the cellular/molecular paradigm to
accurately explain such happenings constitutes a
classic paradigm collapse as described by Thomas
Kuhn and, concurrently, signals the rise of a new
energy-based paradigm in medicine. By the same
token it underscores the urgent need for new
diagnostic and therapeutic approaches to stem
the rising black tide of chronic disease across the
globe. There is precious little time for foot-dragging
and dawdling on this immensely impactful issue.

Late 19'" century psychoanalyst Pierre Janet argued
that the sole purpose of consciousness is ‘to attend
tothefunction of reality’. Its purposeis not to devise
abstract theoretical systems that have little bearing
on real world events but to faithfully integrate the
evidence that reality presents to the senses. For
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much of the 20™ century medical scientists fell
into a dogmatic slumber that precluded them from
seeing the true nature of phenomena before their
eyes.

We observe first-hand the sheer determining power
of paradigm: one ‘sees’ what one is conditioned to
see. Scientists, by instinct and training, are herd
creatures who follow the well-trodden path and,
by convention, are constrained in their ability to
explore outside established boundaries. Such
attributes are no longer conducive to discovery
and innovation. Paradigms become totalizing
(as in totalitarian) ways of perceiving reality. But
intractable problems like HF and CKD cannot be
solved using the same mode of thought that created
them. This is the most important take-home lesson
from the failed 20 century experimental medicine
experiment.

True science is more than interminable
experimentation and generation of data;
it demands integration of evidence into a
comprehensive and internally coherent framework
that mirrors the function of reality. By the same
token description and explanation are not one and
the same. As a paradigm moves more deeply into

REFERENCES:

INOVACUS

abstract theorizing it runs the risk, like Ptolemaic
astronomy, of creating an entirely fictional world
of thought even when based on objective facts.
Facts are real, how they are explained is another
matter altogether.

Since the mid-18™ century, based on the writings
of philosopher David Hume, it has been recognized
that no scientific theory can ever be proven. It is
impossible to know what lies outside one's spatial
or temporal frame of reference. 20" century
scientists seem to have forgotten this crucial point:
all scientific knowledge is tenuous and provisional.
There is no place for hubris and dogmatism in
science.

Based on the work of 20™ century science
philosopher Karl Popper it is established that the
only way science advances is through refutation
of existing hypotheses. We have met this demand
vis a vis demonstration of the incompleteness of
the cellular/molecular framework and it is now
incumbent upon scientists to refute assertions
advanced in this paper. In the event refutation is not
forthcoming then the dynamic energy framework
must be accepted as provisionally correct.

1. Health and Economic Costs of Chronic Disease Centers for Disease Control and Prevention (CDC).
https://www.cdc.gov/chronicdisease/about/costs/index.htm

2. Global burden of heart failure: A comprehensive and updated review of epidemiology. Savarese G,
Becher PM, Lund LH, et al. Cardiovasc Res. 2023 Jan:118(17):3272-87.

3. Epidemiology and aetiology of heart failure. Ziaeian B, Fonarow GC. Nat Rev Cardiol. 2016 Jun;

13(6):368-78.

4. Annual heart failure costs in the US could surpass $70B by 2030. Anthony Vecchione. Cardiovascular
Business. Jan 25, 2022. https://cardiovascularbusiness.com/

313

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.cdc.gov/chronicdisease/about/costs/index.htm
https://cardiovascularbusiness.com/

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

5. The global burden of chronic kidney disease. Cockwell P, Fisher LA. Lancet 2020 Feb;
395(10225):P662-64.

6. Chronic Kidney Disease Initiative. Centers for Disease Control and Prevention (CDC).
https://www.cdc.gov/kidneydisease/basics.html

7. The Structure of Scientific Revolutions. Thomas Kuhn. University of Chicago Press, 1962.

8. Anatomical Studies on the Motion of the Heart and Blood (1628). William Harvey. Leake translation;
Charles Thomas Publisher, Springfield lllinois, 1958.

9. Negative intraventricular diastolic pressure in patients with mitral stenosis: Evidence of left
ventricular diastolic suction. Sabbah HN, Anbe DT, Stein PD. Am J Cardiol. 1980; 45(3):pp 562-66.

10. Left ventricular diastolic suction as a mechanism of ventricular filling. Hori M, Yellin EL, Sonnenblick
EH. Jpn Circ J. 46(1): pp 124-129; 1982.

11. The heart as a suction pump. Robinson TF, Factor SM, Sonnenblick EH. Scientific American 254(6):
pp 84-91; 1986.

12. The heart is not a pump: a refutation of the pressure propulsion premise of heart function.
Marinelli R, Flirst B, van der Zee H, McGinn H, Marinelli W. Frontier Perspectives. 5(1): pp 15-24; Fall-
Winter 1995.

13. Spiral laminar flow in arteries? Stonebridge PA, Brophy CM. Lancet 338(8779): pp 1360-61; 1991.

14. Spiral laminar flow in vivo. Stonebridge PA, Hoskins PR, Allan PL, Belck JF. Clin Sci (Lond) 91(1): pp
17-21; 1996.

15. Helical and retrograde secondary flow patterns in the aortic arch studied by three-directional
magnetic resonance velocity mapping. Kilner PJ, Yang GZ, Mohiaddin RH, Firmin DN, Longmore DB.

Circulation. 88(5): pp 2235-47; 1993.

16. Physiological significance of helical flow in the arterial system and its potential clinical applications.
Liu X, Sun A, Fan Y, Deng X. Ann Biomed Engineer. 43(1): pp 3-15; 2015.

17. Three-dimensional blood flow dynamics: Spiral/helical laminar flow. Stonebridge PA. Methodist
Debakey Cardiovasc J. 2011; 7(1): 21-26.

18. Spiral laminar flow: A survey of a three-dimensional arterial flow pattern in a group of volunteers.
Stonebridge PA, Suttie SA, Ross R, Dick J. Eur J Vasc Endovasc Surg. 2016; 52(5): 674-80.

314

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.cdc.gov/kidneydisease/basics.html

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

19. Patterns of flow in the left coronary artery. Sabbah HN, Walburn FJ, Stein PD. J Biomech Engin 1984;
106(3): 272-79.

20. Flow visualization study of spiral flow in the aorta-renal bifurcation. Fulker D, Javadzadegan A, Li Z,
Barber T. Comput Meth Biomech Biomed Engin. 2017; 20(13): 1438-41.

21. The mechanics of spiral flow: enhanced washout and transport. Huang Zhang P, Tkatch C, Newman
R, Grimme W, et al. Artif Organs. 2019; 43(12): 1144-53.

22. Parallel and spiral flow patterns of vertebral artery contributions to the basilar artery.
Smith AS, Belton JR. Am J Neuroradiol. 1995; 16(8): 272-79.

23. Flow patterns in the human carotid artery bifurcation. Motomiya M, Karino T. Stroke.
1984; 15(1): 50-56.

24. Spiral systolic blood flow in the ascending aorta and aortic arch analyzed by echodynamography.
Tanaka M, Sakamoto T, Sugawara S, Nakajima H, et al. J Cardiol. 2010; 56(1): 97-110.

25. Flow patterns in dog aortic arch under a steady flow condition simulating mid-systole. Endo S,
Sohara Y, Karino T. Heart Vessels. 1996; 11(4): 180-91.

26. Blood flow analysis of the aortic arch using computational fluid dynamics. Numata S, Itatani K,
Kanda K, Doi K, et al. Eur J Cardiothorac Surg 2016; 49(6): 1578-85.

27. Diastolic Dysfunction. Little WC, Cheng CP. Cardiol Rev. 6(4): pp 231-239; 1988.

28. State of the art: ‘Diastology’ research 1998. Oki T. J Med Invest. 45(1-4): pp 9-25; 1998.

29. Aether, fields & energy dynamics in living bodies - Part I. Thorp KE, Thorp JA, Walker PR. G Med Sci.
2021; 2(5): 014-025.

30. Aether, fields & energy dynamics in living bodies - Part Il. Thorp KE, Thorp JA, Walker PR. G Med Sci.
2021; 2(6): 001-020.

31. Aether, fields & energy dynamics in living bodies - Part Ill. Thorp KE, Thorp JA, Walker PR G Med Sci.
2021; 2(6): 021-047.

32. Preconditioning with ischemia: a delay of lethal cell injury in ischemic myocardium. Murry CE,
Jennings RB, Reimer KA. Circulation. 1986 Nov; 74(5):1124-36.

33. Ischemic preconditioning reduces infarct size in swine myocardium. Schott RJ, Rohmann S, Braun
ER, Schaper W. Circ Res. 1990 Apr; 66(4):1133-42.

315

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/3769170
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schott RJ%5BAuthor%5D&cauthor=true&cauthor_uid=2317890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rohmann S%5BAuthor%5D&cauthor=true&cauthor_uid=2317890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Braun ER%5BAuthor%5D&cauthor=true&cauthor_uid=2317890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Braun ER%5BAuthor%5D&cauthor=true&cauthor_uid=2317890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schaper W%5BAuthor%5D&cauthor=true&cauthor_uid=2317890

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

34. Effect of preconditioning ischemia on reperfusion arrhythmias after coronary artery occlusion and
reperfusion in the rat. Hagar JM, Hale SL, Kloner RA. Circ Res. 1991 Jan; 68(1):61-8.

35. Preconditioning myocardium with ischemia. Jennings RB, Murry CE, Reimer KA. Cardiovasc Drugs
Ther. 1991 Oct; 5(5):933-8.

36. Blockade of ATP-sensitive potassium channels prevents myocardial preconditioning in dogs. Gross
GJ, Auchampach JA. Circ Res. 1992 Feb; 70(2):223-33.

37. Ischemic preconditioning attenuates acidosis and postischemic dysfunction in isolated rat heart.
Asimakis GK, Inners-McBride K, Medellin G, Conti VR. Am J Physiol. 1992 Sep;263 (3 Pt 7):H887-94.

38. Ischemic preconditioning protects against coronary endothelial dysfunction induced by ischemia
and reperfusion. Richard V, Kaeffer N, Tron C, et al. Circulation 1994 Mar;89(3):1254-61.

39. Ischemic Preconditioning Slows Ischemic Metabolism and Limits Myocardial Infarct Size. Reimer KA,
Heide RSV, Jennings RB. Ann NY Acad Sci. 1994 Jun; 723(1): 99-115.

40. Pronounced antiarrhythmic effects of ischemic preconditioning. Parratt J, Vegh A. Cardiosci. 1994
Mar; 5(1): 9-18.

41. Ischemic preconditioning improves postischemic function, but not energy metabolism of skeletal
muscles. Glrke L, Marx A, Sutter PM, et al. Swiss Surg. 1995; (2): 107-9.

42, Ischemic preconditioning inhibits glycolysis and proton production in isolated working rat hearts.
Finegan BA, Lopaschuk GD, Gandhi M, Clanachan AS. Am J Physiol. 1995 Nov; 269(5 Pt 2): H1767-75.

43, Regional ischemic 'preconditioning' protects remote virgin myocardium from subsequent sustained
coronary occlusion. Przyklenk K, Bauer B, Ovize M, Kloner RA, Whittaker P. Circulation
1993 Mar; 87(3): 893-9.

44, Ischemic preconditioning at a distance: Reduction of myocardial infarct size by partial reduction of
blood supply combined with rapid stimulation of the gastrocnemius muscle in the rabbit. Birnbaum
Y, Hale SL, Kloner RA. Circulation. 1997 Sep 2; 96(5): 1641-6.

45. Renal ischemia/reperfusion remotely improves myocardial energy metabolism during myocardial
ischemia via adenosine receptors in rabbits: effects of "remote preconditioning". Takaoka A, Nakae
I, Mitsunami K, et al. J Am Coll Cardiol. 1999 Feb; 33(2): 556-64.

46. Ischemic preconditioning attenuates functional, metabolic, and morphologic injury

from ischemic acute renal failure in the rat. Cochrane J, Williams BT, Banerjee A, et al. Ren Fail. 1999
Mar; 21(2): 135-45.

316

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hagar JM%5BAuthor%5D&cauthor=true&cauthor_uid=1984872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hale SL%5BAuthor%5D&cauthor=true&cauthor_uid=1984872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kloner RA%5BAuthor%5D&cauthor=true&cauthor_uid=1984872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jennings RB%5BAuthor%5D&cauthor=true&cauthor_uid=1756140
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murry CE%5BAuthor%5D&cauthor=true&cauthor_uid=1756140
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reimer KA%5BAuthor%5D&cauthor=true&cauthor_uid=1756140
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gross GJ%5BAuthor%5D&cauthor=true&cauthor_uid=1310443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gross GJ%5BAuthor%5D&cauthor=true&cauthor_uid=1310443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Auchampach JA%5BAuthor%5D&cauthor=true&cauthor_uid=1310443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asimakis GK%5BAuthor%5D&cauthor=true&cauthor_uid=1415616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inners-McBride K%5BAuthor%5D&cauthor=true&cauthor_uid=1415616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Medellin G%5BAuthor%5D&cauthor=true&cauthor_uid=1415616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Conti VR%5BAuthor%5D&cauthor=true&cauthor_uid=1415616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Richard V%5BAuthor%5D&cauthor=true&cauthor_uid=8124814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaeffer N%5BAuthor%5D&cauthor=true&cauthor_uid=8124814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tron C%5BAuthor%5D&cauthor=true&cauthor_uid=8124814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reimer KA%5BAuthor%5D&cauthor=true&cauthor_uid=28984986
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heide RSV%5BAuthor%5D&cauthor=true&cauthor_uid=28984986
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jennings RB%5BAuthor%5D&cauthor=true&cauthor_uid=28984986
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parratt J%5BAuthor%5D&cauthor=true&cauthor_uid=8204800
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vegh A%5BAuthor%5D&cauthor=true&cauthor_uid=8204800
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCrke L%5BAuthor%5D&cauthor=true&cauthor_uid=8590287
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marx A%5BAuthor%5D&cauthor=true&cauthor_uid=8590287
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sutter PM%5BAuthor%5D&cauthor=true&cauthor_uid=8590287
https://www.ncbi.nlm.nih.gov/pubmed/?term=Przyklenk K%5BAuthor%5D&cauthor=true&cauthor_uid=7680290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bauer B%5BAuthor%5D&cauthor=true&cauthor_uid=7680290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ovize M%5BAuthor%5D&cauthor=true&cauthor_uid=7680290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kloner RA%5BAuthor%5D&cauthor=true&cauthor_uid=7680290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whittaker P%5BAuthor%5D&cauthor=true&cauthor_uid=7680290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Birnbaum Y%5BAuthor%5D&cauthor=true&cauthor_uid=9315559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Birnbaum Y%5BAuthor%5D&cauthor=true&cauthor_uid=9315559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hale SL%5BAuthor%5D&cauthor=true&cauthor_uid=9315559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kloner RA%5BAuthor%5D&cauthor=true&cauthor_uid=9315559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takaoka A%5BAuthor%5D&cauthor=true&cauthor_uid=9973039
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakae I%5BAuthor%5D&cauthor=true&cauthor_uid=9973039
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakae I%5BAuthor%5D&cauthor=true&cauthor_uid=9973039
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitsunami K%5BAuthor%5D&cauthor=true&cauthor_uid=9973039
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cochrane J%5BAuthor%5D&cauthor=true&cauthor_uid=10088174
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williams BT%5BAuthor%5D&cauthor=true&cauthor_uid=10088174
https://www.ncbi.nlm.nih.gov/pubmed/?term=Banerjee A%5BAuthor%5D&cauthor=true&cauthor_uid=10088174

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

47. Acute ischaemic preconditioning protects against skeletal muscle infarction in the pig. Pang CY, Yang
RZ, Zhong A, et al. Cardiovasc Res. 1995 Jun; 29(6): 782-8.

48. Role of ischemic preconditioning on ischemia-reperfusion injury of the lung. Soncul H, Oz
E, Kalaycioglu S. Chest 1999 Jun; 115(6): 1672-7.

49, Focal ischemic preconditioning induces rapid tolerance to middle cerebral artery occlusion in mice.
Stagliano NE, Pérez-Pinzén MA, Moskowitz MA, Huang PL. J Cereb Blood Flow Metab.
1999 Jul; 19(7): 757-61.

50. Ischemic preconditioning improves postischemic acute renal failure. Riera M, Herrero |, Torras J, et
al. Transplant Proc. 1999; 31(6): 2346-7.

51. Induction of tolerance against traumatic brain injury by ischemic preconditioning. Pérez-Pinzén
MA, Alonso O, Kraydieh S, Dietrich WD. Neuroreport. 1999 Sep 29; 10(14): 2951-4.

52. Preconditioning protects against ischemia/reperfusion injury of the liver. Nilsson B, Friman
S, Gustafsson BI, Delbro DS. J Gastrointest Surg. 2000 Jan-Feb;4(1):44-9.

53. Hepatic preconditioning preserves energy metabolism during sustained ischemia. Peralta
C, Bartrons R, Riera L, et al. Am J Physiol Gastrointest Liver Physiol. 2000 Jul; 279(1): G163-71.

54. Intestinal ischemia induces late preconditioning against myocardial infarction: A role for inducible
nitric oxide synthase. Wang Y, Xu H, Mizoguchi K, Oe M, Maeta H. Cardiovasc Res.
2001. Feb 1; 49(2): 391-8.

55. Organ preconditioning. Raeburn CD, Cleveland JC Jr, Zimmerman MA, et al. Arch Surg. 2001 Nov;
136(11): 1263-6.

56. Kidney ischemic preconditioning. Bonventre JV. Curr Opin Nephrol Hyperten. 2002 Jan; 11(1): 43-8.

57. Brain tolerance and preconditioning. Rejdak R, Rejdak K, Sieklucka-Dziuba M, et al. Pol J Pharmacol.
2001 Jan-Feb; 53(1): 73-9.

58. Intestinal ischemic preconditioning protects the intestine and reduces bacterial translocation.
Aksoyek S, Cinel I, Avlan D, et al. Shock 2002 Nov;18(5):476-80.

59. Preconditioning enhances myocardial protection in patients undergoing open heart surgery. Lu
EX, Chen SX, Hu TH, et al. Thorac Cardiovasc Surg. 1998 Feb; 46(1): 28-32.

60. Ischemic preconditioning may be transferable via whole blood transfusion: Preliminary evidence.
Dickson EW, Reinhardt CP, Renzi FP, et al. J Thromb Thrombolysis. 1999 Aug; 8(2): 123.

317

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pang CY%5BAuthor%5D&cauthor=true&cauthor_uid=7656281
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang RZ%5BAuthor%5D&cauthor=true&cauthor_uid=7656281
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang RZ%5BAuthor%5D&cauthor=true&cauthor_uid=7656281
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhong A%5BAuthor%5D&cauthor=true&cauthor_uid=7656281
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soncul H%5BAuthor%5D&cauthor=true&cauthor_uid=10378567
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oz E%5BAuthor%5D&cauthor=true&cauthor_uid=10378567
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oz E%5BAuthor%5D&cauthor=true&cauthor_uid=10378567
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalaycioglu S%5BAuthor%5D&cauthor=true&cauthor_uid=10378567
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stagliano NE%5BAuthor%5D&cauthor=true&cauthor_uid=10413030
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez-Pinz%C3%B3n MA%5BAuthor%5D&cauthor=true&cauthor_uid=10413030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moskowitz MA%5BAuthor%5D&cauthor=true&cauthor_uid=10413030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang PL%5BAuthor%5D&cauthor=true&cauthor_uid=10413030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Riera M%5BAuthor%5D&cauthor=true&cauthor_uid=10500611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herrero I%5BAuthor%5D&cauthor=true&cauthor_uid=10500611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Torras J%5BAuthor%5D&cauthor=true&cauthor_uid=10500611
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez-Pinz%C3%B3n MA%5BAuthor%5D&cauthor=true&cauthor_uid=10549803
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez-Pinz%C3%B3n MA%5BAuthor%5D&cauthor=true&cauthor_uid=10549803
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alonso O%5BAuthor%5D&cauthor=true&cauthor_uid=10549803
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kraydieh S%5BAuthor%5D&cauthor=true&cauthor_uid=10549803
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dietrich WD%5BAuthor%5D&cauthor=true&cauthor_uid=10549803
https://www.ncbi.nlm.nih.gov/pubmed/10549803
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nilsson B%5BAuthor%5D&cauthor=true&cauthor_uid=10631361
https://www.ncbi.nlm.nih.gov/pubmed/?term=Friman S%5BAuthor%5D&cauthor=true&cauthor_uid=10631361
https://www.ncbi.nlm.nih.gov/pubmed/?term=Friman S%5BAuthor%5D&cauthor=true&cauthor_uid=10631361
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gustafsson BI%5BAuthor%5D&cauthor=true&cauthor_uid=10631361
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delbro DS%5BAuthor%5D&cauthor=true&cauthor_uid=10631361
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peralta C%5BAuthor%5D&cauthor=true&cauthor_uid=10898759
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peralta C%5BAuthor%5D&cauthor=true&cauthor_uid=10898759
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartrons R%5BAuthor%5D&cauthor=true&cauthor_uid=10898759
https://www.ncbi.nlm.nih.gov/pubmed/?term=Riera L%5BAuthor%5D&cauthor=true&cauthor_uid=10898759
https://www.ncbi.nlm.nih.gov/pubmed/10898759
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang Y%5BAuthor%5D&cauthor=true&cauthor_uid=11164849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu H%5BAuthor%5D&cauthor=true&cauthor_uid=11164849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mizoguchi K%5BAuthor%5D&cauthor=true&cauthor_uid=11164849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oe M%5BAuthor%5D&cauthor=true&cauthor_uid=11164849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maeta H%5BAuthor%5D&cauthor=true&cauthor_uid=11164849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raeburn CD%5BAuthor%5D&cauthor=true&cauthor_uid=11695970
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cleveland JC Jr%5BAuthor%5D&cauthor=true&cauthor_uid=11695970
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zimmerman MA%5BAuthor%5D&cauthor=true&cauthor_uid=11695970
https://www.ncbi.nlm.nih.gov/pubmed/11753086
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rejdak R%5BAuthor%5D&cauthor=true&cauthor_uid=11785917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rejdak K%5BAuthor%5D&cauthor=true&cauthor_uid=11785917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieklucka-Dziuba M%5BAuthor%5D&cauthor=true&cauthor_uid=11785917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aks%C3%B6yek S%5BAuthor%5D&cauthor=true&cauthor_uid=12412630
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cinel I%5BAuthor%5D&cauthor=true&cauthor_uid=12412630
https://www.ncbi.nlm.nih.gov/pubmed/?term=Avlan D%5BAuthor%5D&cauthor=true&cauthor_uid=12412630
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu EX%5BAuthor%5D&cauthor=true&cauthor_uid=9554045
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu EX%5BAuthor%5D&cauthor=true&cauthor_uid=9554045
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen SX%5BAuthor%5D&cauthor=true&cauthor_uid=9554045
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu TH%5BAuthor%5D&cauthor=true&cauthor_uid=9554045
https://www.ncbi.nlm.nih.gov/pubmed/9554045
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dickson EW%5BAuthor%5D&cauthor=true&cauthor_uid=10436142
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reinhardt CP%5BAuthor%5D&cauthor=true&cauthor_uid=10436142
https://www.ncbi.nlm.nih.gov/pubmed/?term=Renzi FP%5BAuthor%5D&cauthor=true&cauthor_uid=10436142

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

61. Rabbit heart can be "preconditioned" via transfer of coronary effluent. Dickson EW, Lorbar
M, Porcaro WA, et al. Am J Physiol. 1999 Dec; 277(6):H2451-7.

62. "Preconditioning at a distance" in the isolated rabbit heart. Dickson EW, Porcaro WA, Fenton RA, et
al. Acad Emerg Med. 2000 Apr; 7(4): 311-7.

63. Heat shock. A new approach for myocardial preservation in cardiac surgery. Liu X, Engelman
RM, Moraru ll, et al. Circulation 1992 Nov; 86(5 Suppl): 11358-63.

64. Non-ischemic myocardial preconditioning. Domenech R, Macho P. Mol Cell Biochem. 1998 Sep;
186(1-2): 201-3.

65. Ischemic preconditioning during successive exercise testing. Zdrenghea D, llea M, Predescu
D, Potang E. Rom J Intern Med. 1998 Jul-Dec; 36(3-4): 161-5.

66. Regular alcohol consumption mimics cardiac preconditioning by protecting against ischemia-
reperfusion injury. Miyamae M, Diamond |, Weiner MW, et al. Proc Natl Acad Sci USA.
1997 Apr 1; 94(7): 3235-9.

67. Pharmacological preconditioning of ischaemia. Laghi Pasini F, Capecchi PL, Acciavatti A, et al. Clin
Hemorheol Microcirc. 1997 Jan-Feb; 17(1): 73-84.

68. Oxygen radicals can induce preconditioning in rabbit hearts. Tritto I, D'Andrea D, Eramo N, et al. Circ
Res. 1997 May; 80(5): 743-8.

69. Myocardial preconditioning using adenosine: Review and clinical experience. Zarro DL, Palanzo
DA, Sadr FS. Perfusion. 1998 Mar; 13(2): 145-50.

70. Thermal preconditioning protects rat cardiac muscle cells from doxorubicin-induced apoptosis. Ito
H, Shimojo T, Fujisaki H, et al. Life Sci. 1999; 64(9): 755-61.

71. Hyperthermic preconditioning prevents blood-brain barrier disruption produced by hypoxia-
ischemia in newborn rat. lkeda T, Xia XY, Xia YX. Brain Res Dev Brain Res. 1999 Oct 20; 117(1): 53-8.

72. The effect of hyperthermic preconditioning on the immune system in rat peritonitis. Ozveri
ES, Bekraki A, Cingi A, et al. Intensive Care Med. 1999 Oct; 25(10): 1155-9.

73. Preconditioning with erythropoietin protects against subsequent ischemia-reperfusion injury in rat
kidney. Yang CW, Li C, Jung JY, et al. FASEB. 2003 Sep;17(12):1754-5.

74. Cardioprotection by volatile anesthetics. Bienengraeber MW, Weihrauch D, Kersten JR, et al.
Vascular Pharmacol. 2005 Apr-May; 42(5-6): 243-52.

318

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dickson EW%5BAuthor%5D&cauthor=true&cauthor_uid=10600868
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lorbar M%5BAuthor%5D&cauthor=true&cauthor_uid=10600868
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lorbar M%5BAuthor%5D&cauthor=true&cauthor_uid=10600868
https://www.ncbi.nlm.nih.gov/pubmed/?term=Porcaro WA%5BAuthor%5D&cauthor=true&cauthor_uid=10600868
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dickson EW%5BAuthor%5D&cauthor=true&cauthor_uid=10805617
https://www.ncbi.nlm.nih.gov/pubmed/?term=Porcaro WA%5BAuthor%5D&cauthor=true&cauthor_uid=10805617
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fenton RA%5BAuthor%5D&cauthor=true&cauthor_uid=10805617
https://www.ncbi.nlm.nih.gov/pubmed/10805617
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu X%5BAuthor%5D&cauthor=true&cauthor_uid=1424025
https://www.ncbi.nlm.nih.gov/pubmed/?term=Engelman RM%5BAuthor%5D&cauthor=true&cauthor_uid=1424025
https://www.ncbi.nlm.nih.gov/pubmed/?term=Engelman RM%5BAuthor%5D&cauthor=true&cauthor_uid=1424025
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moraru II%5BAuthor%5D&cauthor=true&cauthor_uid=1424025
https://www.ncbi.nlm.nih.gov/pubmed/?term=Domenech R%5BAuthor%5D&cauthor=true&cauthor_uid=9774202
https://www.ncbi.nlm.nih.gov/pubmed/?term=Macho P%5BAuthor%5D&cauthor=true&cauthor_uid=9774202
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zdrenghea D%5BAuthor%5D&cauthor=true&cauthor_uid=10822512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ilea M%5BAuthor%5D&cauthor=true&cauthor_uid=10822512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Predescu D%5BAuthor%5D&cauthor=true&cauthor_uid=10822512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Predescu D%5BAuthor%5D&cauthor=true&cauthor_uid=10822512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pot%C3%A2ng E%5BAuthor%5D&cauthor=true&cauthor_uid=10822512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miyamae M%5BAuthor%5D&cauthor=true&cauthor_uid=9096376
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diamond I%5BAuthor%5D&cauthor=true&cauthor_uid=9096376
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weiner MW%5BAuthor%5D&cauthor=true&cauthor_uid=9096376
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laghi Pasini F%5BAuthor%5D&cauthor=true&cauthor_uid=9181761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Capecchi PL%5BAuthor%5D&cauthor=true&cauthor_uid=9181761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Acciavatti A%5BAuthor%5D&cauthor=true&cauthor_uid=9181761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tritto I%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Andrea D%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eramo N%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zarro DL%5BAuthor%5D&cauthor=true&cauthor_uid=9533121
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palanzo DA%5BAuthor%5D&cauthor=true&cauthor_uid=9533121
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palanzo DA%5BAuthor%5D&cauthor=true&cauthor_uid=9533121
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sadr FS%5BAuthor%5D&cauthor=true&cauthor_uid=9533121
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ito H%5BAuthor%5D&cauthor=true&cauthor_uid=10075108
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ito H%5BAuthor%5D&cauthor=true&cauthor_uid=10075108
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimojo T%5BAuthor%5D&cauthor=true&cauthor_uid=10075108
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujisaki H%5BAuthor%5D&cauthor=true&cauthor_uid=10075108
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ikeda T%5BAuthor%5D&cauthor=true&cauthor_uid=10536232
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xia XY%5BAuthor%5D&cauthor=true&cauthor_uid=10536232
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xia YX%5BAuthor%5D&cauthor=true&cauthor_uid=10536232
https://www.ncbi.nlm.nih.gov/pubmed/10536232
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozveri ES%5BAuthor%5D&cauthor=true&cauthor_uid=10551975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozveri ES%5BAuthor%5D&cauthor=true&cauthor_uid=10551975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bekraki A%5BAuthor%5D&cauthor=true&cauthor_uid=10551975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cingi A%5BAuthor%5D&cauthor=true&cauthor_uid=10551975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang CW%5BAuthor%5D&cauthor=true&cauthor_uid=12958199
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li C%5BAuthor%5D&cauthor=true&cauthor_uid=12958199
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung JY%5BAuthor%5D&cauthor=true&cauthor_uid=12958199
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bienengraeber MW%5BAuthor%5D&cauthor=true&cauthor_uid=15922257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weihrauch D%5BAuthor%5D&cauthor=true&cauthor_uid=15922257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kersten JR%5BAuthor%5D&cauthor=true&cauthor_uid=15922257

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

75. Exercise preconditioning upregulates cerebral integrins and enhances cerebrovascular integrity
in ischemic rats. Ding YH, Li J, Yao WX, et al. Acta Neuropathol. 2006 Jul; 112(1): 74-84.

76. Exercise preconditioning reduces brain damage and inhibits TNF-alpha receptor expression after
hypoxia/reoxygenation: An in vivo and in vitro study. Ding YH, Mrizek M, Lai Q, et al. Curr Neovasc Res.
2006 Nov; 3(4): 263-71.

77. Exercise preconditioning of the myocardium. Kavazis AN. Sports Med 2009; 39(11): 923-35.

78. Ginkgolide B. Preconditioning protects neurons against ischemia-induced apoptosis. Wu X, Qian
Z, Ke Y, et al. J Cell Mol Med. 2009 Nov-Dec; 13(11-12): 4474-83.

79. Helium preconditioning attenuates hypoxia/ischemia-induced injury in the developing brain. Liu
Y, Xue F, Liu G, et al. Brain Res. 2011 Feb; 1376: 122-9.

80. Resveratrol. Preconditioning Induces a Novel Extended Window of Ischemic Tolerance in the Mouse
Brain. Koronowski KB, Dave KR, Saul |, et al. Stroke. 2015 Aug; 46(8): 2293-8.

81. Pharmacologic preconditioning: translating the promise. Gidday JM. Trans/ Stroke Res. 2010 Jan 3;
1(1): 19-30.

82. Infarct limitation of the second window of protection in a conscious rabbit model. Yang XM, Baxter
GF, Heads RJ, Yellon DM, Downey JM, Cohen MV. Cardiovasc Res. 1996 May; 31(5): 777-83.

83. A "second window of protection" occurs 24 h after ischemic preconditioning in the rat heart.
Yamashita N, Hoshida S, Taniguchi N, et al. J Mol Cell Cardiol. 1998; 30(6): 1181-9.

84. Ischemic preconditioning: From the first to the second window of protection. Pagliaro P, Gattullo
D, Rastaldo R, et al. Life Sci. 2001 May 25; 69(1): 1-15.

85. A physicochemical investigation on the effects of ozone on blood. Travagli V, Zanardi |, Silvietti A,
Bocci V. Int J Biol Macromol. 2007 Dec 1; 41(5); 504-11.

86. Erythrocyte ascorbate recycling: Antioxidant effects in blood. Mendiratta S, Qu ZC, May JM. Free
Rad Biol Med. 1998; 24: 789-797.

87. Enzyme-dependent ascorbate recycling in human erythrocytes: Role of thioredoxin reductase.
Mendiratta S, QU ZC, May JM. Free Rad Biol Med. 1998 Jul 15; 25(2): 221-228.

88. The emerging role of reactive oxygen and nitrogen species in redox biology and some implications
for plasma applications to medicine and biology. Graves DB. J Phys D Appl Phys 2012. 45; 263001.

319

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding YH%5BAuthor%5D&cauthor=true&cauthor_uid=16703337
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li J%5BAuthor%5D&cauthor=true&cauthor_uid=16703337
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yao WX%5BAuthor%5D&cauthor=true&cauthor_uid=16703337
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding YH%5BAuthor%5D&cauthor=true&cauthor_uid=17109621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mrizek M%5BAuthor%5D&cauthor=true&cauthor_uid=17109621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lai Q%5BAuthor%5D&cauthor=true&cauthor_uid=17109621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kavazis AN%5BAuthor%5D&cauthor=true&cauthor_uid=19827860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu X%5BAuthor%5D&cauthor=true&cauthor_uid=19602048
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qian Z%5BAuthor%5D&cauthor=true&cauthor_uid=19602048
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qian Z%5BAuthor%5D&cauthor=true&cauthor_uid=19602048
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ke Y%5BAuthor%5D&cauthor=true&cauthor_uid=19602048
https://www.ncbi.nlm.nih.gov/pubmed/19602048
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu Y%5BAuthor%5D&cauthor=true&cauthor_uid=21194523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu Y%5BAuthor%5D&cauthor=true&cauthor_uid=21194523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xue F%5BAuthor%5D&cauthor=true&cauthor_uid=21194523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu G%5BAuthor%5D&cauthor=true&cauthor_uid=21194523
https://www.ncbi.nlm.nih.gov/pubmed/21194523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koronowski KB%5BAuthor%5D&cauthor=true&cauthor_uid=26159789
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dave KR%5BAuthor%5D&cauthor=true&cauthor_uid=26159789
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saul I%5BAuthor%5D&cauthor=true&cauthor_uid=26159789
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gidday JM%5BAuthor%5D&cauthor=true&cauthor_uid=21197121
https://www.ncbi.nlm.nih.gov/pubmed/21197121
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang XM%5BAuthor%5D&cauthor=true&cauthor_uid=8763407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baxter GF%5BAuthor%5D&cauthor=true&cauthor_uid=8763407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baxter GF%5BAuthor%5D&cauthor=true&cauthor_uid=8763407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heads RJ%5BAuthor%5D&cauthor=true&cauthor_uid=8763407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yellon DM%5BAuthor%5D&cauthor=true&cauthor_uid=8763407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Downey JM%5BAuthor%5D&cauthor=true&cauthor_uid=8763407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen MV%5BAuthor%5D&cauthor=true&cauthor_uid=8763407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamashita N%5BAuthor%5D&cauthor=true&cauthor_uid=9689592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoshida S%5BAuthor%5D&cauthor=true&cauthor_uid=9689592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taniguchi N%5BAuthor%5D&cauthor=true&cauthor_uid=9689592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pagliaro P%5BAuthor%5D&cauthor=true&cauthor_uid=11411799
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gattullo D%5BAuthor%5D&cauthor=true&cauthor_uid=11411799
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gattullo D%5BAuthor%5D&cauthor=true&cauthor_uid=11411799
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rastaldo R%5BAuthor%5D&cauthor=true&cauthor_uid=11411799

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

89. Total antioxidant status in plasma and body fluids. Rice-Evans C, Miller NJ. Methods Enzymol
1994; 234:279-293.

90. Regulation of red blood cell deformability is independent of red blood cell-nitric oxide synthase
under hypoxia. Grau M, Lauten A, Hoeppener S, et al. Clin Hemorheol Microcirc 2016; 63(3); 199-215.

91. Remote ischemia preconditioning increases red blood cell deformability through red cell nitric oxide
synthase activation. Grau M, Kollikowski A, Bloch W. Clin Hemorheol Microcirc. 2016; 63(3):185-97.

92. Nitric oxide, vasodilation and the red blood cell. Simmonds MJ, Detterich JA. Biorheology.
2014.51(2-3); 121-34.

93. Circulating nitrite contributes to cardioprotection by remote ischemic preconditioning. Rassaf T,
Totzeck M, Hendgen-Cotta, et al. Circ Res. 2014; 114(10): 1601-10.

94. Ischemic preconditioning enhances performance and erythrocyte deformability of responders.
Tomschi F, Niemann D, Bloch W, et al. Int J Sports Med. 2018; 39(8); 596-603.

95. Is red blood cell a mediator of remote ischaemic preconditioning? Gopalakrishnan M, Saurabh S.
Med Hypotheses. 2014; 83(6): 816-8.

96. Red blood cell-derived nitric oxide bioactivity and hypoxic vasodilation. Schmidt H, Feelisch M.
Circulation. 2019;139(23):2664-2667.

97. Nitrate reduction to nitric oxide by deoxyhemoglobin vasodilated the human circulation. Cosby K,
Partovi KS, Crawford JH, Patel RP, et al. Nitrite reduction to nitric oxide by deoxyhemoglobin vasodilated
the human circulation. Nat Med. 2003; 9(12): 1498-505.

98. Active nitric oxide produced in the red cell under hypoxic conditions by deoxyhemoglobin-mediated
nitrite reduction. Nagababu E, Ramasamy S, Abernethy DR, Rifkind JM. J Biol Chem
2003;278(47); 46349-56.

99. Erythrocytes are major intravascular storage sites of nitrite in human blood. Dejam A, Hunter CJ,
Pelletier MM, et al. Erythrocytes are major intravascular storage sites of nitrite in human blood. Blood.

2005; 106(2); 734-9.

100. Erythrocytes: Oxygen sensors and modulators of oxygen tone. Ellsworth ML, Ellis CG, Goldman D,
et al. Physiology (Bethesda). 2009 Apr 24; 107-16.

101. Inhibition of suicidal erythrocyte death by nitric oxide. Nicolay JP, Liebig G, Niemoeller OM, et al.
Pflugers Arch. 2008 May; 456(2): 293-305.

320

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://pubmed.ncbi.nlm.nih.gov/26890238/
https://pubmed.ncbi.nlm.nih.gov/26890238/

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

102. Advances in hypoxia-inducible factor biology. Choudhry H, Harris AL. Cell Metab.
2018; 27(2): 281-298.

103. The Nrf-2/HO-1 signaling axis: A ray of hope in cardiovascular diseases. Zhang X, Yu Y, Lei H, Cai Y,
et al. Cardiol Res Pract 2020; 2020: 5695723.

104. An overview of Nrf2 signaling pathway and its role in inflammation. Saha S, Buttari B, Panieri E, et
al. Molecules. 2020; 25(22): 5474.

105. Role of Nrf2/H)-1 system in development, oxidative stress response and diseases: An evolutionarily
conserved mechanism. Loboda A, Damulewicz M, Pyza E, et al. Cell Mol Life Sci. 2016; 73(17): 3221-47.

106. Nrf2 activation is involved in ozonated human serum upregulation of HO-1 in endothelial cells.
Pecorelli A, Bocci V, Acquaviva A, et al. Toxicol App! Pharmacol. 2013. 267; 30-40.

107. Is ozone pre-conditioning effect linked to Nrf2/EpRE activation pathway in vivo? A preliminary
result. Re L, Martinez-Sanchez G, Bordicchia M, et al. Eur J Pharmacol. 2014. 742:158-162.

108. Nrf2/ARE regulated antioxidant gene expression in endothelial and smooth muscle cells in
oxidative stress: Implications for atherosclerosis and preeclampsia. Mann GE, Niehueser-Saran J,
Watson A, et al. 2007 Apr; 59(2): 117-27.

109. Nrf2 as a master redox switch in turning on the cellular signaling involved in the induction of
cytoprotective genes by some chemopreventive phytochemicals. Surh YJ, Kundu JK, Na HK, et al. Planta

Med. 2008; 74(13); 1526-39.

110. Heme oxygenase-1: function, regulation, and implication of a model stress-inducible protein in
oxidant-induced lung injury. Choi AM, Alam J. Am J Respir Cell Mol Biol. 1996; (1); 9-19.

111. The NLRP3 inflammasome: an overview of mechanisms of activation and regulation. Kelley N,
Jeltema D, Duan Y, et al. Int J Mol Sci. 2019; 20(13); 3328.

112. A role for mitochondria in NLRP3 inflammasome activation. Zhou R, Yazdi AS, Menu P. Nature.
469(7329); 221-5.

113. Molecular mechanisms regulating NLRP3 activation. Jo EK, Kim JK, Shin DM, et al. Cell Mol
Immunol. 2016; 13(2); 148-59.

114. The role of mitochondria in NLRP3 inflammasome activation. Liu Q, Zhang D, Hu D, et al. Mol
Immunol. 2018; 103; 115-124.

115. Mechanism of NLRP3 inflammasome activation. Sutterwala FS, Haasken S, Cassel SL. Ann N Y Acad
Sci. 2014; 1319(1): 82-95.

321

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

116. The NLRP3 inflammasome is a potential target of ozone therapy aiming to ease chronic renal
inflammation in chronic kidney disease. Yu G, Bai Z, Chen Z, et al. Int Immunopharmacol.
2017; 43; 203-209.

117. Beneficial effects of nontoxic ozone on H,0,-induced stress and inflammation. Kucukgul A, Erdogan
S, Gonenci R, et al. Biochem Cell Biol. 2016; 94(6); 577-583.

118. Ozone therapy prevents renal inflammation and fibrosis in a rat model of acute pyelonephritis.
Caliskan B, Guven A, Ozler M, et al. Scand J Clin Lab Invest. 2011; 71(6); 473-80.

119. Assessment of effect of ozonated water irrigation on gingival inflammation in patients undergoing
fixed orthodontic treatment. Jose P, Ramabhadran BK, Emmatty R, Paul TP. J Indian Soc Periodontol.
2017; 21(6); 484-488.

120. Anti-inflammatory effect of ozone therapy in an experimental model of rheumatoid arthritis.
Tartari APS, Moreira FF, Pereira MCDS, et al. Inflammation. 2020; 43(3); 985-993.

121. Effect of ozone oxidative preconditioning on inflammation and oxidative stress injury in rat model
of renal transplantation. Wang Z, Han Q, Guo YL, et al. Acta Cir Bras. 2018; 33(3); 238-49.

122. Adenosine slows ischaemic metabolism in canine myocardium in vitro: Relationship to ischaemic
preconditioning. Vander Heide RS, Reimer KA, Jennings RB. Cardiovasc Res. 1993 Apr; 27(4): 669-73.

123. The cardioprotective effects of ischemic 'preconditioning' are not mediated by adenosine
receptors in rat hearts. Circulation. Li Y, Kloner RA. 1993 May; 87(5): 1642-8.

124. Tritto |, D'Andrea D, Eramo N, Scognamiglio A, De Simone C, Violante A, Esposito A, Chiariello
M. Ambrosio G. Oxygen radicals can induce preconditioning in rabbit hearts. Circ Res.
1997 May; 80(5): 743-8.

125. Ischaemic preconditioning is not mediated by oxygen derived free radicals in rats. Richard V, Tron
C, Thuillez C. Cardiovasc Res. 1993 Nov; 27(11): 2016-21.

126. The protective effect of late preconditioning against myocardial stunning in conscious rabbits is
mediated by nitric oxide synthase. Evidence that nitric oxide acts both as a trigger and as a mediator of
the late phase of ischemic preconditioning. Bolli R, Manchikalapudi S, Tang XL, et al. Circ Res.

1997 Dec; 81(6): 1094-107.

127. Blockade of ATP-sensitive potassium channels increases infarct size but does not

prevent preconditioning in rabbit hearts. Thornton JD, Thornton CS, Sterling DL, Downey JM. Circ
Res.1993 Jan;72(1): 44-9.

322

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li Y%5BAuthor%5D&cauthor=true&cauthor_uid=8491020
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kloner RA%5BAuthor%5D&cauthor=true&cauthor_uid=8491020
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tritto I%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Andrea D%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eramo N%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scognamiglio A%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=De Simone C%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Violante A%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Esposito A%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiariello M%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiariello M%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ambrosio G%5BAuthor%5D&cauthor=true&cauthor_uid=9130455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Richard V%5BAuthor%5D&cauthor=true&cauthor_uid=8287412
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tron C%5BAuthor%5D&cauthor=true&cauthor_uid=8287412
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tron C%5BAuthor%5D&cauthor=true&cauthor_uid=8287412
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thuillez C%5BAuthor%5D&cauthor=true&cauthor_uid=8287412
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bolli R%5BAuthor%5D&cauthor=true&cauthor_uid=9400391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manchikalapudi S%5BAuthor%5D&cauthor=true&cauthor_uid=9400391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang XL%5BAuthor%5D&cauthor=true&cauthor_uid=9400391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thornton JD%5BAuthor%5D&cauthor=true&cauthor_uid=8380263
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thornton CS%5BAuthor%5D&cauthor=true&cauthor_uid=8380263
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sterling DL%5BAuthor%5D&cauthor=true&cauthor_uid=8380263
https://www.ncbi.nlm.nih.gov/pubmed/?term=Downey JM%5BAuthor%5D&cauthor=true&cauthor_uid=8380263

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

128. Mitochondrial ATP-dependent potassium channels: novel effectors of cardioprotection?
Circulation. Liu Y, Sato T, O'Rourke B, Marban E. 1998 Jun 23; 97(24): 2463-9.

129. Nitric oxide mediates cerebral ischemic tolerance in a neonatal rat model of hypoxic
preconditioning. Gidday JM, Shah AR, Maceren RG, et al. Cereb Blood Flow Metab.
1999 Mar; 19(3): 331-40.

130. Ischemic preconditioning and the beta-adrenergic signal transduction pathway. Lochner A, Genade
S, Tromp E, et al. Circulation. 1999 Aug; 100(9): 958-66.

131. Preconditioning-mediated neuroprotection through preconditioning? Dawson TM. Lancet. 2002
Jan; 359(9301): 96-7.

132. Expression of heat shock protein after ischemic preconditioning in rabbit hearts. Tanaka
M, Fujiwara H, Yamasaki K, et al. Jpn Circ J. 1998 Jul; 62(7): 512-6.

133. Cardiac syndrome X — the present knowledge. Piegza M, Wierzba D, Piezga J. Psychiatr Pol. 2021
Apr; 55(2): 363-75

134. Cardiac syndrome X: update. Agrawal S, Mehta PK, Bairey Merz CN. Heart Fail Clin.
2016 Jan;12(1): 141-56.

135. Role of inflammation and endothelial dysfunction in the pathogenesis of cardiac syndrome X. Gil-
Ortega |, Marzoa Rivas R, Rios Vazquez R, Kaski JC. Future Cardiol. 2006 Jan; 2(1): 63-73.

136. Inflammation and microvascular dysfunction in cardiac syndrome X patients without conventional
risk factors for coronary artery disease. Recio-Mayoral A, Rimoldi OE, Camici PG, Kaski JC. JACC
Cardiovasc Imaging. 2013 Jun; 6(6): 660-67.

137. Angina and associated healthcare costs following percutaneous coronary intervention: A real-
world analysis from a multi-payer database. Ben-Yehuda O, Kazi DS, Bonafede M, et al. Catheter
Cardiovasc Interv. 2016 Dec; 88(7): 1017-24.

138. Role of endothelial dysfunction in determining angina after percutaneous coronary intervention:
Learning from pathophysiology to optimize treatment. Mangiacapra F, Del Buono MG, Abbate A, et al.
Prog Cardiovasc Dis. 2020 May-Jun: 63(3): 233-42.

139. Coronary microvascular dysfunction, microvascular angina, and treatment strategies. Marinescu
MA, Loffler Al, Ouellette M, et al. JACC Cardiovasc Imaging. 2015 Feb; 8(2): 210-20.

140. Persistent or recurrent angina following percutaneous coronary revascularization. Ajmal M,
Chatterjee A, Acharya D. Curr Cardiol Rep. 2022 Dec; 24(12): 1837-48.

323

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/9641699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu Y%5BAuthor%5D&cauthor=true&cauthor_uid=9641699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sato T%5BAuthor%5D&cauthor=true&cauthor_uid=9641699
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Rourke B%5BAuthor%5D&cauthor=true&cauthor_uid=9641699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marban E%5BAuthor%5D&cauthor=true&cauthor_uid=9641699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gidday JM%5BAuthor%5D&cauthor=true&cauthor_uid=10078885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shah AR%5BAuthor%5D&cauthor=true&cauthor_uid=10078885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maceren RG%5BAuthor%5D&cauthor=true&cauthor_uid=10078885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lochner A%5BAuthor%5D&cauthor=true&cauthor_uid=10468527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Genade S%5BAuthor%5D&cauthor=true&cauthor_uid=10468527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Genade S%5BAuthor%5D&cauthor=true&cauthor_uid=10468527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tromp E%5BAuthor%5D&cauthor=true&cauthor_uid=10468527
https://www.ncbi.nlm.nih.gov/pubmed/10468527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka M%5BAuthor%5D&cauthor=true&cauthor_uid=9707008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka M%5BAuthor%5D&cauthor=true&cauthor_uid=9707008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujiwara H%5BAuthor%5D&cauthor=true&cauthor_uid=9707008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamasaki K%5BAuthor%5D&cauthor=true&cauthor_uid=9707008

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

141. Mechanisms and diagnostic evaluation of persistent or recurrent angina following percutaneous
coronary revascularization. Crea F, Bairey Merz CN, Beltrame JF. Eur Heart J. 2019 Aug; 40(29): 2455-62.

142. Endothelial dysfunction as predictor of angina recurrence after successful percutaneous coronary
intervention using second generation drug eluting stents. Montone RA, Niccoli G, Vergni F, et al. Eur J
Prev Cardiol. 2018 Sep; 25(13): 1360-70.

143. Coronary microvascular dysfunction. Vancheri F, Longo G, Vancheri S, et al. J Clin Med.
2020 Sep; 9(9): 288.

144. Small-Vessel Disease in the Heart and Brain: Current Knowledge, Unmet Therapeutic Need, and
Future Directions. Berry C, Sidik N, Pereira A.C, Ford TJ, et al. J Am Heart Assoc. 2019; 8: e011104.

145. Cerebral Small Vessel Disease and Risk of Death, Ischemic Stroke, and Cardiac Complications in
Patients With Atherosclerotic Disease. Conijn MMA, Kloppenborg RP, Algra A, et al. Stroke.
2011; 42: 3105-3109.

146. Cerebral small vessel disease: From pathogenesis and clinical characteristics to therapeutic
challenges. Pantoni L. Lancet Neurol. 2010; 9: 689-701.

147. Inflammation and cerebral small vessel disease: A systematic review. Low A, Mak E, Rowe JB,
Markus HS, O’Brien JT. Ageing Res. Rev. 2019, 53, 100916.

148. The waveform index of the ophthalmic artery predicts impaired coronary flow reserve. Kojima S,
Maruyoshi H, Kojima S, Ogawa H. Microvasc Res. 2016 May; 105: 30-33.

149. Inflammation in Coronary Microvascular Dysfunction. Sagris M, Theofilis P, Antnopoulos AS, et al.
Int J Mol Sci. 2021 Dec; 22(24): 13471.

150. Inflammatory markers for arterial stiffness in cardiovascular diseases. Mozos I, Malainer C,
Horbanczuk J, et al. Front Immunol. 2017 Aug; 8: 1058.

151. Endothelial dysfunction and low-grade inflammation are associated with greater arterial stiffness
over a 6-year period. van Bussel BC, Schouten F, Henry RM, et al. Hypertension.
2011 Oct; 58(4): 588-95.

152. Coronary Microvascular Dysfunction Identifies Patients at High Risk of Adverse Events Across
Cardiometabolic Diseases. Osborne MT, Bajaj NS, Taqueti VR, et al. J Am Coll Cardiol.

2017 Dec; 70(22): 2835-37.

153. Left Ventricular Hypertrophy, Subclinical Atherosclerosis, and Inflammation. Mehta SK, Rame JE,

Khera A, et al. Hypertension. 2007 Jun; 49(6): 1385-91.

324

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

154. Diabetes, hypertension, and cardiovascular disease: clinical insights and vascular mechanisms.
Petrie JR, Guzik TJ, Touyz RM. Can J Cardiol. 2018 May; 34(5): 575-84.

155. Obesity and hypertension. Seravalle G, Grassi G. Pharmacol Res. 2017 Aug; 122:1-7.

156. Microvascular endothelial dysfunction in obesity and hypertension. Virdis A, Neves MF, Duranti E,
et al. Curr Pharm Des. 2013; 19(13): 2382-89.

157. Diabetes, hypertension, and cardiovascular disease: clinical insights and vascular mechanisms.
Petrie JR, Guzik TJ, Touyz RM. Can J Cardiol. 2018 May; 34(5): 575-84.

158. Obesity and hypertension. Seravalle G, Grassi G. Pharmacol Res. 2017 Aug; 122: 1-7.

159. Microvascular endothelial dysfunction in obesity and hypertension. Virdis A, Neves MF, Duranti E,
et al. Curr Pharm Des. 2013; 19(13): 2382-89.

160. Peripheral arterial calcification: Prevalence, mechanism, detection, and clinical implications.
Rocha-Singh KJ, Zeller T, Jaff MR. Catheter Cardiovasc Interv. 2014 May; 83(6): E212-20.

161. Arterial calcification and its association with stroke: implication of risk, prognosis, treatment
response, and prevention. Wang X, Chen X, Chen Z, Zhang M. Front Cell Neurosci.
2022 May; 16: 845215.

162. Vascular calcification and hypertension: cause and effect. Kalra SS, Shanahan CM. Ann Med. 2012
Jun; 44 Suppl 1: 585-92.

163. Pathology of human coronary and carotid artery atherosclerosis and vascular calcification in
diabetes mellitus. Yahagi K, Kolodgie FD, Lutter C, et al. Arterioscler Thromb Vasc Biol.
2017 Feb; 37(2): 191-204.

164. Calcification in major vessel beds relates to vascular brain disease. Bos D, lkram MA, Elias-Smale
SE, et al. Arterioscler Thromb Vasc Biol. 2011 Oct; 31(10): 2331-37.

165. Medial arterial calcification: JACC State-of-the-art review. Lanzer P, Hannan FM, Lanzer JD, et al. J
AM Coll Cardiol. 2021 Sep; 78(11): 1145-65.

166. Vascular calcification in patients with end-stage renal disease. Floege J, Ketteler M. Nephrol Dial
Transplant. 2004 Aug; 19 Suppl 5: V59-66.

167. Cardiovascular calcification in patients with end-stage renal disease. Pecovnik-Balon B. Ther Apher
Dial. 2005 Jun; 9(3): 208-10.

325

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

168. Pathophysiology of vascular calcification in chronic kidney disease. Moe SM, Chen NX. Circ Res.
2004 Sep; 95(6): 560-67.

169. Association of breast arterial calcification with stroke and angiographically proven coronary artery
disease: A meta-analysis. Jiang X, Clark M, Singh RK, et al. Menopause. 2015 Feb; 22(2): 136-43.

170. Breast arterial calcification associated with diabetes and hypertension. Cetin M, Cetin R, Tamer N,
et al. Diabetes Comp. 2004 Nov-Dec; 18(6): 363-66.

171. Association between breast arterial calcification on mammography and coronary artery disease: A
systematic review and meta-analysis. Osman M, Regner S, Osman K, et al. Women's Health (Larchmt).
2022 Dec; 31(2): 1719-26.

172. Association of coronary artery calcium with long-term, cause-specific mortality among young
adults. Miedema MD, Dardari ZA, Nasir K, et al. JAMA Netw Open. 2019 Jul; 2(7): e197440.

173. Predictors of coronary artery calcium and long-term risks of deat, myocardial infarction, and stroke
in young adults. Javaid A, Mitchell ID, Villines TC. J Am Heart Assoc. 2021 Nov; 10(22): e022513.

174. Long-term all-cause and cause-specific mortality is asymptomatic patients with CAC > 1,000:
Results from the CAC Consortium. Peng AW, Mirbolouk M, Orimoloye OA, et al. JACC Cardiovasc
Imaging. 2020 Jan; 13(1 Pt 1): 83-93.

175. Coronary calcium risk score and cardiovascular risk. Lehker A, Mukherjee D. Curr Vasc Pharmacol.
2021; 19(3): 280-84.

176. Association between coronary artery calcium and all-cause mortality: a large single-center
retrospective cohort study. Wang MC, Lin CC, Chiang HY, et al. PLoS One. 2022 Oct; 17(10): e0276659.

177. The vasculature in prediabetes. Wasserman DH, Wang TJ, Brown NJ. Circ Res.
2018 Apr; 122(8): 1135-50.

178. Microvascular dysfunction in diabetes mellitus and cardiometabolic disease. Horton WB, Barrett
EJ. Endocrin Rev. 2021 Jan; 42(1): 29-55.

179. Coronary microvascular dysfunction is associated with poor glycemic control amongst female
diabetics with chest pain and non-obstructive coronary artery disease. Sara JD, Taher R, Kolluri N, et al.

Cardiovasc Diabetol. 2019 Feb; 18(1): 22.

180. Coronary microvascular dysfunction in diabetes mellitus: pathogenetic mechanisms and potential
therapeutic options. Salvatore T, Galiero R, Caturano A, et al. Biomedicines. 2022 Sep; 10(9): 2274.

326

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

181. Coronary microvascular dysfunction in diabetes mellitus. Kibel A, Selthofer-Relatic K, Drenjancevic
|, et al. Int Med Res. 2017 Dec; 45(6): 1901-29.

182. Coronary microvascular dysfunction: An update. Crea F, Camici PG, Bairey Merz CN. Eur Heart J.
2014 May; 35(17): 1101-11.

183. Hypertension: A Disease of the Microcirculation? Feihl F, Liaudet L, Waeber B, et al. Hypertension.
2006 Dec; 48(6): 1012-17.

184. Angina Due to Coronary Microvascular Disease in Hypertensive Patients without Left Ventricular
Hypertrophy. Brush JE Jr, Cannon RO 3rd, Schenke WH, et al. NEJM. 1988 Nov; 319(20): 1302-07.

185. The progression of hypertensive heart disease. Drazner MH. Circulation. 2011 Jan; 123(3): 327-34.

186. Left Ventricular Hypertrophy, Subclinical Atherosclerosis, and Inflammation. Mehta SK, Rame JE,
Khera A, et al. Hypertension. 2007 Jun; 49(6): 1385-91.

187. Microvascular injury and the kidney in hypertension. Ruiz-Hurtado G, Ruilope LM. Hipertens
Riesgo Vasc Riesgo Vasc. 2018 Jan-Mar; 35(1): 24-29.

188. Microvascular disease in chronic kidney disease: The base of the iceberg in cardiovascular
comorbidity. Querfeld U, Mak RH, Pries AR. Clin Sci (Lond). 2020 Jun; 134(12): 1333-56.

189. Associations of left ventricular hypertrophy and geometry with adverse outcomes in patients with
CKD and hypertension. Paoletti E, De Nicola L, Gabbai FB, et al. J Am Soc Nephrol.
2016 Feb; 11(2): 271-79.

190. Left ventricular hypertrophy and hypertension. Yildiz M, Oktay AA, Stewart MH, et al. Prog
Cardiovasc Dis. 2020 Jan-Feb; 63(1): 10-21.

191. Cardiac fibroblasts: At the heart of myocardial remodeling. Porter KE, Turner NA. Pharmacol Ther.
2009 Aug; 123(2): 255-78.

192. Changes of left ventricular remodeling due to increased afterload in patients with essential
hypertension. Hamada M, Ogimoto A, Otani T, et al. Int J Cardiol. 2022 Nov; 367: 74-80.

193. Myocardial remodeling in hypertension. Nadruz W. J Hum Hypertens. 2015 Jan; 29: 1.

194. Accelerated and intensified calcific atherosclerosis and microvascular dysfunction in patients with
chronic kidney disease. Fakhry M, Sidhu MS, Bangalore S, et al. Cardiovasc Med 2020 Jun; 21(2):157-62.

327

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

195. Coronary microvascular dysfunction portends poor prognosis in the setting of chronic renal failure:
Harnessing dual marker strategy for better risk stratification? Yalta K, Yilmaz MB. Int J Cardiol.
2014 Feb; 171(2):275-76.

196. Retinal microvascular dysfunction predicts chronic kidney disease in patients with cardiovascular
risk factors. Theuerle JD, Al-Fiadh AH, Wong E, et al. Atherosclerosis. 2022 Jan; 341:63-70.

197. Epidemiology of cardiovascular risk in chronic kidney disease patients: The real silent killer.
Provenzano M, Coppolino G, Faga T, et al. Rev Cardiovasc Med. 2019 Dec; 20(4):209-220.

198. Chronic kidney disease and cardiovascular complications. Di Lullo L, House A, Gorini A, et al. Heart
Fail Rev. 2015 May; 20(3):259-72.

199. Microvascular disease in chronic kidney disease: The base of the iceberg in cardiovascular
comorbidity. Querfeld U, Mak RH, Pries AR. 2020 Jun; 134(12):1333-56.

200. Coronary flow reserve is predictive of the risk of cardiovascular death regardless of chronic kidney
disease stage. Charytan DM, Skali H, Shah NR, et al. Kidney Int. 2018 Feb; 93(2):501-09.

201. chronic kidney disease induces a systemic microangiopathy, tissue hypoxia and dysfunctional
angiogenesis. Prommer H-U, Maurer J, von Websky K, et al. Sci Rep. 2018 Mar; 8(1):5317.

202. End-stage renal failure is associated with impaired coronary microvascular function. Nelson AJ,
Dundon BK, Worthley SG, et al. Coron Artery Dis. 2019 Nov; 30(7):520-27.

203. Chronic kidney disease. Effects on the cardiovascular system. Schiffrin EL, Lipman ML, Mann JFE.
Circulation. 2007 Jul; 116(1):85-97.

204. Oxidative stress and inflammation, a link between chronic kidney disease and cardiovascular
disease. Cachofeiro V, Goicochea M, de Vinuesa SG, et al. Kidney Int Suppl. 2008 Dec; 111:54-S9.

205. Associations of macro- and microvascular endothelial dysfunction with subclinical ventricular
dysfunction in end-stage renal disease. Dubin RF, Guajardo |, Ayer A, et al. Hypertension. 2016 Oct;
68(4):913-20.

206. Coronary vascular dysfunctin and prognosis in patients with chronic kidney disease. Murthy VL,
Naya M, Foster CR, et al. JACC Cardiovasc Imaging. 2012 Oct; 5(10):1025-34.

207. Galen's System of Physiology and Medicine. Rudolph E. Siegel publ. S. Karger, Basel, Switzerland.
1968; pp. 30-47.

328

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

208. Impact of admission anemia on coronary microcirculation and clinical outcomes in patients with
S-T segment elevation myocardial infarction undergoing primary percutaneous coronary intervention.
Uchida Y, Ichimiya S, Ishii H, et al. Int Heart J. 2015;56(4):381-8. doi: 10.1536/ihj.15-006.

209. Prevalence of, associations with, and prognostic role of anemia in heart failure across the ejection
fraction spectrum. Savarese G, Jonsson A, Hallberg A-C, et al. Int J Cardiol. 2020 Jan; 298:59-65. doi:
10.1016/j.icard.2019.08.049

210. Effect of anemia on cardiovascular hemodynamics, therapeutic strategy and clinical outcomes in
patients with heart failure and hemodynamic congestion. Tanimura M, Dohi K, Fujimoto N, et al. Circ J.
2017 Oct; 81(11):1670-77.

211. Iron deficiency in heart failure. Dinatolo E, Dasseni N, Metra M, et al. Cardiovasc Med
(Hagerstown). 2018 Dec; 19(12):706-716.

212. Iron deficiency in heart failure: An overview. von Haehling S, Ebner N, Evertz R, et al. JACC Heart
Fail. 2019 Jan; 7(1):36-46. doi: 10.1016/j.jchf.2018.07.015

213. Iron deficiency in heart failure. Loncar G, Obradovic D, Thiele H, et al. ESC Heart Fail.
2021 Aug; 8(4):2368-2379. doi: 10.1002/ehf2.13265

214. Sickle-cell anemia and latent diastolic dysfunction: Echocardiographic alterations. Fattori A,
Oliveira DC, Castilho RF, et al. Arq Bras Cardiol. 2015. PMID: 25993599

215. Anemia is common in heart failure and is associated with poor outcomes. Ezekowitz JA, McAlister
FA, Armstrong PW. Circulation 2003; 107:223-25.

216. Anaemia, iron deficiency and heart failure in 2020: Facts and numbers. Chopra VK, Anker SD. ESC
Heart Fail. 2020 Oct; 7(5):2007-2011. doi: 10.1002/ehf2.12797.

217. Anemia and chronic kidney disease are associated with poor outcomes in heart failure patients.
Luthi JC, Flanders WD, Burnier M, Burnand B, et al. BMC Nephrol. 2006 Mar; 7:3. doi: 10.1186/1471-
2369-7-3

218. Anemia and chronic kidney disease are potential risk factors for mortality in stroke patients:
A historic cohort study. Del Fabbro P, Luthi JC, Carrera E, et al. BMC Nephrol. 2010 Oct; 11:27. doi:
10.1186/1471-2369-11-27

219. Outcomes of patients with anemia and renal dysfunction in hospitalized heart failure with

preserved ejection fraction (from the CN-HF registry). Jin X, Cao J, Zhou J, et al. Int J Cardiol Heart Vasc.
2019 Aug; 25:100415. doi: 10.1016/j.ijcha.2019.100415

329

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

220. Burden of anemia in chronic kidney disease: Beyond erythropoietin. Hanna RM, Streja E, Kalantar-
Zadeh K. Adv Ther. 2021 Jan; 38(1):52-75. doi: 10.1007/s12325-020-01524-6

221. Anemia in chronic kidney disease. Atkinson MA, Warady BA. Pediatr Nephrol.
2018 Feb; 33(2):227-238. doi: 10.1007/s00467-017-3663-y

222. Anemia and Long-term cardiovascular outcomes in women with suspected ischemia — The
Women's Ischemia Syndrome Evaluation (WISE). Asif A, Wei J, Lauzon M, et al. Am Heart J Plus:
Cardiology Res and Pract. 2021; 10:100059.

223. Relationship between anemia and chronic complications in Chinese patients with type Il diabetes
mellitus. He BB, Xu M, Wei L, et al. Arch Iran Med. 2015 May; 18(5):277-83.

224. Diastolic dysfunction is associated with exercise impairment in patients with sickle cell anemia.
Alsaied T, Niss O, Powell AW, et al. Pediatr Blood Cancer. 2018 Aug; 65(8):€27113. doi: 10.1002/
pbc.27113.

225. Association between diffuse myocardial fibrosis and diastolic dysfunction in sickle cell
anemia. Niss O, Fleck R, Makue F, Alsaied T, et al. Blood. 2017 Jul 13; 130(2):205-213. doi: 10.1182/
blood-2017-02-767624

226. Association of anemia with diastolic dysfunction among patients with coronary artery disease in
the Heart and Soul Study. Nair D, Shlipak MG, Angeja B, et al. Am J Cardiol. 2005 Feb; 95(3):332-36. doi:
10.1016/j.amjcard.2004.09.029

227. Coronary microvascular dysfunction is associated with degree of anaemia in end-stage renal
disease. Radhakrishnan A, Pickup LC, Price AM, et al. BMC Cardiovasc Disord. 2021 Apr 26; 21(1):211.
doi: 10.1186/s12872-021-02025-2

228. Anemia and microvascular complications in patients with type 2 diabetes mellitus. Hosseini MS,
Rostami Z, Saadat A, et al. Nephrourol Mon. 2014 Jul 5; 6(4):e19976.
doi: 10.5812/numonthly.19976

229. Association of hemoglobin A1C with cardiovascular disease and mortality in adults: The European
prospective investigation into cancer in Norfolk. Khaw KT, Wareham N, Bingham S, et al. Ann Intern

Med. 2004 Sep; 141(6):413-20.

230. Glycosylated hemoglobin: finally ready for prime time as a cardiovascular risk factor. Gerstein HC.
Ann Intern Med. 2004 Sep 21; 141(6):475-6.

231. Hemoglobin A1C levels were associated with increased cardiovascular disease and all-cause
mortality in persons with and without diabetes. Sigal RJ. ACP J Club. 2005 Mar-Apr; 142(2):52.

330

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

232. Meta-analysis: Glycosylated hemoglobin and cardiovascular disease in diabetes mellitus. Selvin E,
Marinopoulos S, Berkenblit G, et al. Ann Intern Med. 2004 Sep; 141(6):421-31.

233. Glycated hemoglobin and risk of stroke in people without known diabetes in the European
Prospective Investigation into Cancer (EPIC)-Norfolk prospective population study: a threshold
relationship? Myint PK, Sinha S, Wareham NJ, Bingham SA, Luben RN, Welch AA, Khaw KT. Stroke. 2007
Feb; 38(2):271-5. doi: 10.1161/01.STR.0000254549.75763.5f

234. Prospective Investigation into Cancer (EPIC)-Norfolk prospective population study: A threshold
relationship? Myint PK, Sinha S, Wareham NJ, et al. Stroke. 2007 Feb; 38(2):271-75.

235. Association between glycosylated hemoglobin level and cardiovascular and all-cause mortality in
type 1 diabetes. Shankar A, Klein R, Klein BE, et al. Am J Epidemiol. 2007 Aug; 166(4):393-402.

236. Remote ischemic preconditioning differentially attenuates post-ischemic cardiac arrhythmia is
streptozotocin-induced diabetic versus nondiabetic rats. Hu Z, Chen M, Zhang P, et al. Cardiovasc
Diabetol. 2017 Apr; 16(1):57.

237. Remote ischemic preconditioning fails to reduce infarct size in the Zucker fatty rat model of type-2
diabetes: Role of defective humoral communication. Wider J, Undyala VVR, Whittaker P, et al. Basic Res
Cardiol. 2018 Mar; 113(3):16.

238. Mechanisms involved in attenuated cardio-protective role of ischemic preconditioning in metabolc
disorders. Rana A, Goyal N, Ahlawat A, et al. Perfusion. 2015 Mar; 30(2):94-105.

239. Diabetes abolish cardioprotective effects of remote ischemic conditioning: evidences and possible
mechanisms. Tyagi S, Singh N, Virdi JK, et al. J Physiol Biochem. 2019 Feb; 75(1):19-28. 240. Beyond
ejection fraction: an integrative approach for assessment of cardiac structure in heart failure. Cikes M,
Solomon SD. Eur Heart J 2016 Jun; 37(21):164-50.

241. Structural and myocardial dysfunction in heart failure beyond ejection fraction. Severino P,
Maestrini V, Mariani MV, et al. Heart Fail Rev 200 Jan; 25(1):9-17.

242. Does the measurement of ejection fraction still make sense in the HFpEF framework? What recent
trials suggest. Palazzuoli A, Correale M, lacoviello M, et al. J Clin Med. 2023 Jan; 12(2):693.

243. Left ventricular ejection fraction and volumes: It depends on the imaging method. Wood PW, Choy
JB, Nanda NC, et al. Echocardiography. 2014; 31(1):87-100.

244. Analysis of left ventricular volumes and function: A multicenter comparison of cardiac magnetic
resonance imaging, cine ventriculography, and unenhanced and contrast-enhanced two-dimensional
and three-dimensional echocardiography. Hoffmann R, Barletta G, von Bardeleben S, et al. Am Soc
Echocardiogr 2014 Mar; 27(3):292-301.

331

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

245. Characteristics of heart failure with preserved ejection fraction across the range of left ventricular
ejection fraction. Rosch S, Kresoja KP, Besler C, et al. Circulation. 2022 Aug; 146(7):506-18.

246. Ischemia and no obstructive coronary arteries (INOCA): A narrative review. Mehta PK, Huang J,
Levit RD, et al. Atherosclerosis. 2022 Dec; 363:8-21.

247. Ischemia and no obstructive coronary arteries in patients with stable ischemic heart disease.
Mehta PK, Quesada O, Al-Badri A, et al. Int J Cardiol. 2022 Feb;348:1-8.

248. Heart failure with preserved ejection fraction. Rge AT, Sjaastad |, Louch WE. Tidsskr Nor
Laegeforen. 2017 Oct2; 137(18). doi: 10.4045/tidsskr.16.1068

249. Reduced myocardial flow in heart failure patients with reduced ejection fraction. Srivaratharajah K,
Coutinho T, deKemp R, et al. Circ Heart Fail. 2016 Jul; 9(7):e002562.

250. Impaired myocardial perfusion is associated with increasing end-systolic and end-diastolic volumes
in patients with non-ischemic systolic heart failure: A cross-sectional study using Rubidium-82 PET/CT.
Byrne C, Hasbak P, Kjaer A, et al. BMC Cardiovasc Disord 19, 68 (2019). https://doi.org/10.1186/s12872-
019-1047-x

251. The renin-angiotensin-aldosterone system and its suppression. Ames MK, Atkins CE, Pitt B. J Vet
Intern Med. 2019 Mar; 33(2):363-82.

252. The renin-angiotensin-aldosterone system and heart failure. Sayer G, Bhat G. Cardiol Clin. 2014
Feb; 32(1):21-32.

253. Renin: At the heart of the mast cell. Reid AC, Silver RB, Levi R. Immunol Rev. 2007 Jun; 217:123-40.

254. The transition from hypertension to heart failure: contemporary update. Messerli FH, Rimoldi SF,
Bangalore S. JACC Heart Fail. 2017 Aug; 5(8):543-51.

255. Hypertension and the development of heart failure. de Leeuw PW, Kroon AA. Cardiovasc
Pharmacol. 1998;32 Suppl 1: S9-15.

256. Pulmonary hypertension in heart failure: Pathophysiology, pathobiology, and emerging clinical
perspectives. J Am Coll Cardiol. 2017 Apr; 69(13):1718-34.

257. Characteristics and outcomes of hospitalized patients with heart failure and reduced vs preserved
ejection fraction. Report from the Japanese Cardiac Registry of Heart Failure in Cardiology (JCARE-

CARD). Tsuchihashi-Makaya M, Hamaguchi S, Kinugawa S, et al. Circ J. 2009 Oct; 73(10):1893-1900.

258. Heart failure with preserved ejection fraction: Insights from recent clinical researches. Kim MN,
Park SM. Korean J Int Med. 2020 May; 35(3):514-34,

332

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

259. The pathophysiology of heart failure with preserved ejection fraction. Borlaug BA. Nat Rev Cardiol.
2014 Sep; 11(9):507-15.

260. Obesity and heart failure with preserved ejection fraction. Koutroumpakis E, Kaur R, Taegtmeyer
H, et al. Heart Fail Clin. 2021 Jul; 17(3):345-356.

261. Breaking the cycle of heart failure with preserved ejection fraction and atrial fibrillation. Tica O,
Khamboo W, Kotecha D. Card Fail Rev. 2022 Nov; 8:e32. doi:10.15420/cfr.2022.03

262. Atrial fibrillation begets heart failure and vice versa: Temporal associations and differences in
preserved versus reduced ejection fraction. Santhanakrishnan R, Wang N, Larson MG, et al. Circulation.
2016 Feb; 133(5):484-92.

263. Effects of exercise on left ventricular systolic and diastolic properties in patients with heart
failure and a preserved ejection fraction versus heart failure and a reduced ejection fraction. Zile MR,
Kjellstrom B, Bennett T, et al. Circ Heart Fail. 2013 May; 6(3):508-16.

264. Myocarditis and inflammatory cardiomyopathy: Current evidence and future directions. Tschope C,
Ammirati E, Bozkurt B, et al. Nature Rev Cardiol. 2021 Mar; 18(3):169-93.

265. Dilated cardiomyopathy. Schultheiss HP, Fairweather D, Caforio ALP, et al. Nat Rev Dis Primers.
2019 May; 5(1):32.

266. Inflammatory dilated cardiomyopathy (DCMI). Maisch B, Richter A, Sandmoller A, et al. Herz. 2005
Sep; 30(6):535-44.

267. Emerging concepts in arrhythmogenic dilated cardiomyopathy. Zegkos T, Panagiotidis T,
Parcharidou D, et al. Heart Fail Rev. 2021 Sep; 26(5):1219-29.

268. Dilated cardiomyopathy impairs mitochondrial biogenesis and promotes inflammation in an age-
and sex-dependent manner. Barcena ML, Pozdniakova S, Haritonow N, et al. Aging (Albany NY) 2020
Dec; 12(23):24117-24133.

269. Dilated cardiomyopathy and chronic cardiac inflammation. Barcena ML, Pozdniakova S, Haritonow
N, et al. Intern Med. 2023 Jan; 293(1):23-47.

270. Anti-heart autoantibodies in familial dilated cardiomyopathy. Caforio AL, Vinci A, lliceto S.
Autoimmunity. 2008 Sep; 41(6):462-69.

271. Autoimmune mechanisms underlying dilated cardiomyopathy. Zegkos T, Panagiotidis T,
Parcharidou D, et al. Circ J. 2009 Apr; 73(4):602-07.

333

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

272. A single number for advocacy and communication—worldwide more than 850 million individuals
have kidney disease. Jager KJ, Kovesdy C, Langham R, et al. Kidney Int. 2019 Nov; 96(5):1048050.

273. Researches into the Nature and Treatment of Dropsy in the Brain, Chest, Abdomen, Ovarium, and
Skin. Joseph Ayre, MD. London. Longman 1833.

274. Reports of Medical Cases, Selected with a View of lllustrating the Symptoms and Cure of Diseases
by a Reference to Morbid Anatomy. Bright R. Longmans vol. I. (1827) London.

275. Cardiorenal interactions: Insights from the ESCAPE trial. Nohria A, Hasselblad V, Stebbins A, Pauly
DF, Fonarow GC, Shah M, Yancy CW, Califf RM, Stevenson LW, Hill JA. J Am Coll Cardiol 51(13): pp 1268-
74; 2008.

276. Importance of venous congestion for worsening of renal function in advanced decompensated
heart failure. Mullens W, Abrahams Z, Francis GS, Sokos G, Taylor DO, Starling RC, Young JB, Tang WH. J
Am Coll Cardiol. 2009 Feb 17; 53(7):589-96.

277. The influence of venous pressure on the isolated mammalian kidney. Winton FR. J Physiol 1931 Jun
6; 72(1):49-61.

278. Renal interstitial pressure and sodium excretion during renal vein constriction. Burnett JC, Knox FG.
Am J Physiol. 1980 Apr; 238(4):F279-82.

279. Segmental analysis of sodium reabsorption during renal vein constriction. Burnett JC Jr, Haas
JA, Knox FG. Am J Physiol. 1982 Jul; 243(1):F19-22.

280. Raised venous pressure: A direct cause of renal sodium retention in oedema? Firth JD, Raine
AE, Ledingham JG. Lancet. 1988 May 7; 1(8593):1033-5.

281. ACE Inhibitor Benefit to Kidney and Cardiovascular Outcomes for Patients with Non-Dialysis
Chronic Kidney Disease Stages 3—5: A Network Meta-Analysis of Randomised Clinical Trials. Zhang Y, He
D, Zhang W, Guo Y, et al. Drugs. 2020 Jun; 80(8):797-811. doi: 10.1007/s40265-020-01290-3

282. Angiotensin-converting enzyme 2 activation improves endothelial function. Fraga-Silva RA, Costa-
Fraga FP, Murca TM, et al. Hypertension. 2013 Jun; 61(6):1233-38.

283. Angiotensin-converting enzyme inhibition and angiotensin AT1-receptor antagonism equally
improve endothelial dilator function in L-NAME-induced hypertensive rats. De Gennaro Colonna V,
Rigamonti A, Fioretti S, et al. Eur J Pharmacol. 2005 Jun; 16(3):253-59.

284. Acute effects of angiotensin-converting enzyme inhibition on coronary vasomotion in hypertensive

patients. Nitenberg A, Antony |. Eur Heart J. 1998 Sep;19 Suppl J:J45-51.

334

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nohria A%5BAuthor%5D&cauthor=true&cauthor_uid=18371557
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hasselblad V%5BAuthor%5D&cauthor=true&cauthor_uid=18371557
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stebbins A%5BAuthor%5D&cauthor=true&cauthor_uid=18371557
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pauly DF%5BAuthor%5D&cauthor=true&cauthor_uid=18371557
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pauly DF%5BAuthor%5D&cauthor=true&cauthor_uid=18371557
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fonarow GC%5BAuthor%5D&cauthor=true&cauthor_uid=18371557
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shah M%5BAuthor%5D&cauthor=true&cauthor_uid=18371557
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yancy CW%5BAuthor%5D&cauthor=true&cauthor_uid=18371557
https://www.ncbi.nlm.nih.gov/pubmed/?term=Califf RM%5BAuthor%5D&cauthor=true&cauthor_uid=18371557
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stevenson LW%5BAuthor%5D&cauthor=true&cauthor_uid=18371557
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hill JA%5BAuthor%5D&cauthor=true&cauthor_uid=18371557
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mullens W%5BAuthor%5D&cauthor=true&cauthor_uid=19215833
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abrahams Z%5BAuthor%5D&cauthor=true&cauthor_uid=19215833
https://www.ncbi.nlm.nih.gov/pubmed/?term=Francis GS%5BAuthor%5D&cauthor=true&cauthor_uid=19215833
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sokos G%5BAuthor%5D&cauthor=true&cauthor_uid=19215833
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor DO%5BAuthor%5D&cauthor=true&cauthor_uid=19215833
https://www.ncbi.nlm.nih.gov/pubmed/?term=Starling RC%5BAuthor%5D&cauthor=true&cauthor_uid=19215833
https://www.ncbi.nlm.nih.gov/pubmed/?term=Young JB%5BAuthor%5D&cauthor=true&cauthor_uid=19215833
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang WH%5BAuthor%5D&cauthor=true&cauthor_uid=19215833
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burnett JC Jr%5BAuthor%5D&cauthor=true&cauthor_uid=7091366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burnett JC Jr%5BAuthor%5D&cauthor=true&cauthor_uid=7091366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haas JA%5BAuthor%5D&cauthor=true&cauthor_uid=7091366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haas JA%5BAuthor%5D&cauthor=true&cauthor_uid=7091366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knox FG%5BAuthor%5D&cauthor=true&cauthor_uid=7091366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Firth JD%5BAuthor%5D&cauthor=true&cauthor_uid=2896877
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raine AE%5BAuthor%5D&cauthor=true&cauthor_uid=2896877
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raine AE%5BAuthor%5D&cauthor=true&cauthor_uid=2896877
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ledingham JG%5BAuthor%5D&cauthor=true&cauthor_uid=2896877

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

285. Angiotensin-converting enzyme inhibition restores flow-dependent and cold pressor test-induced
dilations in coronary arteries of hypertensive patients. Antony |, Lerebours G, Nitenberg A. Circulation.
1996 Dec; 94(12):3115-22.

286. Effects of converting enzyme inhibition on coronary flow and myocardial ischemia. van Gilst WH,
Tio RA, van Wijngaarden J, et al. J Cardiovasc Pharmacol. 1992;19 Suppl 5:5134-39.

287. Effect of ACE inhibitors on proteinuria and renal functioning in primary glomerulopathies.
Boratyriska M, Mazanowska O, Szewczyk Z, Czyz W. Pol Tyg Lek. 1992 Dec; 47(49-50):1090-92.

288. The antiproteinuric action of angiotensin-converting enzyme inhibitors in chronic
glomerulopathies and diabetic nephropathy. Kutyrina IM, Tareeva IE, Shestakova MV, et al. Ter Arkh.
1994; 66(6):19-22.

289. ACE inhibitors and the kidney: a risk-benefit assessment. Navis G, Faber HJ, de Zeeuw D, et al. Drug
Saf 1996 Sep; 15(3):200-11.

290. ACE inhibitors and proteinuria. Navis G, Faber HJ, de Zeeuw D. Pharm World Sci. 1996 Dec;
18(6):204-10.

291. Estimated glomerular filtration rate in chronic kidney disease: A critical review of estimate-based
predictions of individual outcomes in kidney disease. Zsom L, Zsom M, Salim SA, Fiilop T. Toxins (Basel)
2022 Feb; 14(2):127.

292. Estimated GFR: Time for a critical appraisal. Porrini E, Ruggenenti P, Luis-Lima S, et al. Nat Rev
Nephrol. 2019 Mar; 15(3):177-90.

293. Impaired urinary concentration ability is a sensitive predictor of renal disease progression in
Joubert syndrome. Nuovo S, Fuiano L, Micalizzi A, et al. Nephrol Dial Transplant. 2020 Jul; 35(7):1195-
1202.

294. Urine concentration ability is reduced to the same degree in adult dominant polycystic kidney
disease compared with other chronic kidney diseases in the same CKD-stage and lower than in healthy
control subjects — A case control study. Malmberg MH, Mose FH, Pederson EB, Bech JN. BMC Nephrol.
2020 Aug; 21(1):379.

295. Abnormal function of the vasopressin-cyclic-AMP-aquaporin2 axis during urine concentrating
and diluting in patients with reduced renal function. A case control study. Pedersen EB, Thomsen IM,
Lauridsen TG. BMC Nephrol. 2010 Oct; 11:26.

296. Sex difference in urine concentration across differing ages, sodium intake, and level of kidney
disease. Perucca J, Bouby N, Valeix P, Bankir L. Am J Physiol Regul Integr Comp Physiol.
2007 Feb; 292(2):R700-05.

335

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

297. Mitochondrial pathophysiology on chronic kidney disease. Braga PC, Alves MG, Rodrigues AS, et al.
Int J Mol Sci. 2022 Feb; 23(3):1776.

298. Disruption of mitochondrial homeostasis in chronic kidney disease: A mini-review. Li Q, Zhang A,
Xing C, Yuan Y. Histol Histopathol 2019 Aug; 34(8):835-42.

299. The role of mitochondria in acute kidney injury and chronic kidney disease and its therapeutic
potential. Zhang X, Agborbesong E, Li X. Int J Mol Sci. 2021 Oct; 22(20):11253.

300. Mitochondrial dysfunction and the AKI-to-CKD transition. Jiang M, Bai M, Lei J, et al. Am J Physiol.
2020 Dec; 319(6):F1105-F1116.

301. Oxidative Stress and mitochondrial dysfunction in chronic kidney disease. Ho HJ, Shirakawa H.
Cells. 2022 Dec; 12(1):88.

302. Update on inflammation in chronic kidney disease. Akchurin OM, Kaskel F. Blood Purif
2015; 39(1-3):84-92.

303. Inflammation, Cytokines and Chemokines in Chronic Kidney Disease. Lam CWK. EJIFCC.
2009 Apr; 20(1):12-20.

304. Acute kidney disease to chronic kidney disease. Neyra JA, Chawla LS. Crit Care Clin.
2021 Apr; 37(2):453-74.

305. Chronic kidney disease. Ammirati AL. Assoc Med Bras. 2020 Jan; 66 Suppl 1(Suppl 1):503-09.

306. Hypoxia and chronic kidney disease. Wang B, Li ZL, Zhang YL, et al. EBioMedicine.
2022 Mar; 103942

307. Inflammation-related mechanisms in chronic kidney disease prediction, progression, and outcome.
Mihai S, Codrici E, Popescu ID, et al. J Immunol Res. 2018 Sep; 2018:2180373.

308. The Discovery of Vitamin D: The Contribution of Adolf Windaus. Wolf G. J Nutr
2004; 134: 1299-1302.

309. A short history of phototherapy, vitamin D and skin disease. Jarrett P, Scragg R. Photochem
Photobiol Sci. 2017; 16(3):283-290.

310. The discovery and synthesis of the nutritional factor vitamin D. Jones G. Int J Paleopathol.
2018 Dec; 23:96-99.

311. Aether, fields & energy dynamics in living bodies - Part Il. Thorp KE, Thorp JA, Walker PR. G Med
Sci. 2021; 2(6):001-020.

336

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

312. Vitamin D deficiency among newly diagnosed tuberculosis patients and their household contacts:
A comparative cross-sectional study. Workineh M, Mathewos B, Moges B, Gize A, Getie S, Stendahl
O, Schon T, Abate E. Arch Pub Health. 2017 Jun 19; 75:25.

313. Vitamin D and the immune system: new perspectives on an old theme. Hewison M. Endocrinol
Metab Clin North Am. 2010 Jun; 39(2):365-79.

314. Vitamin D and autoimmune diseases. lllescas-Montes R, Melguizo-Rodriguez L, Ruiz C, Costela-Ruiz
VI. Life Sci. 2019 Sep 15; 233:116744.

315. Hypovitaminosis D association with disease activity in relapsing remitting multiple sclerosis in
Brazil. Becker J, Callegaro D, Lana-Peixoto MA, Talim N, et al. J Neurol Sci. 2016 Apr 15; 363:236-9.

316. 25-Hydroxyvitamin D levels in serum at the onset of multiple sclerosis. Soilu-Hanninen M,
Mononen Al, Heikila A, Viljanen M, Hanninen A. Mult Scler. 2005 Jun; 11(3):266-71.

317. A low vitamin D status at diagnosis is associated with an early conversion to secondary progressive
multiple sclerosis. Muris A-H, Rolf L, Broen K, Hupperts R, et al. J Steroid Biochem Mol Biol.
2016 Nov; 164:254-257.

318. Low 25 (OH) vitamin D levels are associated with autoimmune thyroid disease in polycystic ovary
syndrome. Muscogiuri G, Palomba S, Caggiono M. Endocrine. 2016 Aug; 53(2):538-42.

319. 25 Hydroxyvitamin D Deficiency and Its Relationship to Autoimmune Thyroid Disease in the Elderly.
Muscogiuri G, Mari D, Prolo S, Fatti LM, et al. Int J Environ Res Public Health. 2016 Aug 26; 13(9):850.

320. Meta-analysis of the association between vitamin D and autoimmune thyroid disease. Wang J, Ly
S, Chen G, Gao C, et al. Nutrients. 2015 Apr 3; 7(4):2485-98.

321. Vitamin D and systemic lupus erythematous: A review. Clin Exp Rheumatol. Jan-Feb
2018; 36(1):153-162.

322. Vitamin D in lupus - new kid on the block? Kammen DL. Bull NYU Hosp Jt Dis. 2010; 68(3):218-22.

323. Vitamin D and systemic lupus erythematosus: state of the art. Schneider L, Dos Santos ASP, Santos
M, da Silva RM, et al. Clin Rheumatol. 2014 Aug; 33(8):1033-8.

324. Vitamin D level in rheumatoid arthritis and its correlation with the disease activity: a meta-
analysis. Lee Y-H, Bae S-C. Clin Exp Rheumatol. Sep-Oct 2016; 34(5):827-833.

325. Prevalence of vitamin D deficiency in rheumatoid arthritis and association with disease activity and
cardiovascular risk factors: Data from the COMEDRA study. Cechitti S, Tatar Z, Galan P, Pereira B, et al.
Clin Exp Rheumatol. Nov-Dec 2016; 34(6):984-990.

337

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Workineh M%5BAuthor%5D&cauthor=true&cauthor_uid=28638616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mathewos B%5BAuthor%5D&cauthor=true&cauthor_uid=28638616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moges B%5BAuthor%5D&cauthor=true&cauthor_uid=28638616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gize A%5BAuthor%5D&cauthor=true&cauthor_uid=28638616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Getie S%5BAuthor%5D&cauthor=true&cauthor_uid=28638616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stendahl O%5BAuthor%5D&cauthor=true&cauthor_uid=28638616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stendahl O%5BAuthor%5D&cauthor=true&cauthor_uid=28638616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schon T%5BAuthor%5D&cauthor=true&cauthor_uid=28638616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abate E%5BAuthor%5D&cauthor=true&cauthor_uid=28638616

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

326. European multicentre pilot survey to assess vitamin D status in rheumatoid arthritis patients and
early development of a new Patient Reported Outcome questionnaire (D-PRO). Vojinovic J, Tincani A,
Sulli A, Soldano S, et al. Autoimmun Rev. 2017 May; 16(5):548-554.

327. Vitamin D and Sjogren syndrome. Garcia-Carrasco M, Jiménez-Herrera EA, Galvez-Romero JL, et al.
Autoimmun Rev. 2017 Jun; 16(6):587-593.

328. Vitamin D treatment for connective tissue diseases: hope beyond the hype? Reynolds JA, Bruce IN.
Rheumatology (Oxford). 2017 Feb; 56(2):178-186.

329. Vitamin D and systemic lupus erythematosus - The hype and the hope. Shoenfeld Y, Giacomelli R,
Azrielant S, Berardicurti O, et al. Autoimmun Rev. 2018 Jan; 17(1):19-23.

330. Severe vitamin D deficiency is a prognostic biomarker in autoimmune hepatitis. Ebadi M, Bhanji
RA, Mazurak VC, Lytvyak E, et al. Aliment Pharmacol Ther. 2019 Jan; 49(2):173-182.

331. Vitamin D deficiency and diabetes. Berridge M. Biochem J. 2017 Mar 24; 474(8):1321-1332.

332. Vitamin D and diabetes. Takiishi T, Gysemans C, Bouillon R, Mathieu C. Endocrinol Metab Clin
North Am. 2010 Jun; 39(2):419-46.

333. The relationship between vitamin D level and organ-specific autoimmune disorders in newly
diagnosed type | diabetes mellitus. Akdere G, Efe B, Sisman P, Yorulmaz G. Bratis! Lek Listy.
2018; 119(9):544-549.

334. Low levels of 25-hydroxyvitamin D in children and adolescents with type 1 diabetes mellitus: A
single center experience. Bae KN, Nam H-K, Rhie Y-J, Song DJ, et al. Ann Pediatr Endocrinol Metab.

2018 Mar; 23(1):21-27.

335. Vitamin D and inflammatory bowel disease. Ardesia M, Ferlazzo G, Fries W. Biomed Res Int
2015; 2015:470805.

336. Vitamin D and Crohn's disease in the adult patient: A review. Basson A. JPEN J Parenter Enteral
Nutr. 2014 May; 38(4):438-58.

337. Vitamin D deficiency and the pathogenesis of Crohn's disease. White JH. J Steroid Biochem Mol
Biol. 2018 Jan; 175:23-28.

338. Does vitamin D play a role in autoimmune endocrine disorders? A proof of concept. Altieri B,
Muscgiuri G, Barrea L, Mathieu C, et al. Rev Endocr Metab Disord. 2017 Sep; 18(3):335-346.

339. Vitamin D endocrine system involvement in autoimmune rheumatic diseases. Cutolo M, Pizzorni C,
Sulli A. Autoimmun Rev. 2011 Dec; 11(2):84-7.

338

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

340. Vitamin D levels predict all-cause and cardiovascular disease mortality in subjects with the
metabolic syndrome: The Ludwigshafen Risk and Cardiovascular Health (LURIC) Study. Thomas GN,
Hartaigh B, Bosch JA. Diabetes Care. 2012 May; 35(5):1158-64.

341. Strong associations of 25-hydroxyvitamin D concentrations with all-cause, cardiovascular, cancer,
and respiratory disease mortality in a large cohort study. Schéttker B, Haug U, Schomburg L, et al. J Clin
Nutr. 2013 Apr; 97(4):782-93.

342. Vitamin D status and mortality in chronic kidney disease. Pilz S, Tomaschitz A, Friedl C, et al.
Nephrol Dial Transplant. 2011 Nov; 26(11):3603-09.

343. Prospective study of serum 25-hydroxyvitamin D level, cardiovascular disease mortality, and all-
cause mortality in older U.S. adults. Ginde AA, Scragg R, Schwartz RS, et al. / Am Geriatr Soc.
2009 Sep; 57(9):1595-1603.

344. A reverse J-shaped association between serum 25-hydroxyvitamin D and cardiovascular disease
mortality: The CopD Study. Durup D, Jgrgensen HL, Christensen J, et al. J Clin Endocrinol Metab. 2015
Jun; 100(6):2339-46.

345. Vitamin D and type 2 diabetes. Lips P, Eekhoff M, van Schoor N, et al. Steroid Biochem Mol Biol.
2017 Oct; 173:280-85.

346. Vitamin D in health and disease. Heaney RP. Clin J Am Soc Nephrol. 2008 Sep; 3(5):1535-41.

347. Vitamin D and cardiovascular disease in chronic kidney disease. Kaur G, Singh J, Kumar J. J Pediatr
Nephrol. 2019 Dec; 34(12):2509-22.

348. Vitamin D and renal outcome: the fourth outcome of CKD-MBD? Oshima Award Address 2015.
Hamano T. Clin Exp Nephrol. 2018 Apr; 22(2):249-256.

349. Vitamin D and cardiovascular diseases: Causality. Wimalawansa SJ. J Steroid Biochem Mol Biol.
2018 Jan; 175:29-43.

350. Vitamin D deficiency is an independent predictor of mortality in patients with chronic heart failure.
Cubbon RM, Lowry JE, Drozd M, Hall M, Gierula J, Paton MF, Byrom R, Kearney LC, Barth JH, Kearney
MT, Witte KK. Eur J Nutr. 2018 Aug 18.

351. Vitamin D deficiency and clinical outcome in patients with chronic heart failure: A review. D'Amore
C, Marsico F, Parente A, Paolillo S, De Martino F, Gargiulo P, Ferrazzano F, De Roberto AM, La Mura

L, Marciano C, Dellegrottaglie S, Trimarco B, Perrone Filardi P. Nutr Metab Cardiovasc Dis.

2017 Oct; 27(10):837-849.

339

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cubbon RM%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lowry JE%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Drozd M%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hall M%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gierula J%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paton MF%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Byrom R%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kearney LC%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barth JH%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kearney MT%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kearney MT%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Witte KK%5BAuthor%5D&cauthor=true&cauthor_uid=30121806
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Amore C%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Amore C%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marsico F%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parente A%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paolillo S%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=De Martino F%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gargiulo P%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrazzano F%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=De Roberto AM%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=La Mura L%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=La Mura L%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marciano C%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dellegrottaglie S%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trimarco B%5BAuthor%5D&cauthor=true&cauthor_uid=28954706
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perrone Filardi P%5BAuthor%5D&cauthor=true&cauthor_uid=28954706

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

352. Severe vitamin D deficiency upon admission in critically ill patients is related to acute kidney injury
and a poor prognosis. Zapatero A, Dot |, Diaz Y, Gracia MP, Pérez-Teran P, Climent C, Masclans JR, Nolla
J. Med Intensiva. 2018 May; 42(4):216-224.

353. Vitamin D status is associated with arterial stiffness and vascular dysfunction in healthy humans. Al
Mheid I, Patel R, Murrow J, et al. J Am Coll Cardiol. 2011 Jul; 58(2):186-92.

354. 25-Hydroxyvitamin D deficiency is associated with inflammation-linked vascular endothelial
dysfunction in middle-aged and older adults. Jablonski KL, Chonchol M, Pierce GL, et al. Hypertension.
2011 Jan; 57(1):63-69.

355. Impaired microvascular endothelial function in vitamin D-deficient diabetic nephropathy patients.
Al Mheid |, Patel R, Murrow J, et al. J Cardiovasc Med (Hagerstown). 2013 Jun; 14(6):466-71.

356. Arterial stiffness and 25-hydroxyvitamin D levels in chronic kidney disease patients. Akdam H, Alp
A. Rev Assoc Med Bras. 2017 Oct; 63(10):910-16.

357. Impact of vitamin D supplementation on arterial vasomotion, stiffness and endothelial biomarkers
in chronic kidney disease patients. Chitalia N, Ismail T, Tooth L, et al. PLos One. 2014 Mar; 9(3):e91363.

358. High-dose vitamin D supplementation improves microcirculation and reduces inflammation in
diabetic nephropathy patients. Karonova T, Stepanova A, Bystrova A, et al. Nutrients.

2020 Aug; 12(9):2518.

359. Impact of cholecalciferol treatment on biomarkers of inflammation and myocardial structure in
hemodialysis patients without hyperparathyroidism. Bucharles S, Barberato SH, Stinghen AEM, et al. J
Ren Nutr. 2012 Mar; 22(2):284-91.

360. Vitamin D in chronic kidney disease. Chau YY, Kumar J. Indian J Pediatr. 2012 Aug; 79(8):1062-68.

361. Vitamin D in chronic kidney disease and dialysis patients. Jean G, Souberbielle JC, Chazot C.
Nutrients. 2017 Mar; 9(4):328.

362. Vitamin D, vitamin D receptor and the importance of its activation in patients with chronic kidney
disease. Bover J, Egido J, Fernandez-Giraldez E, et al. Nefrologia. 2015; 35(1);28-41.

363. Vitamin D and bone disease. Christodoulou S, Goula T, Ververidis A, et al. Biomed Res Int. 2013;
2013.396541.

364. Vitamin D and secondary hyperparathyroidism in chronic kidney disease: A critical appraisal of the
past, present, and the future. Brandenburg V, Ketteler M. Nutrients. 2022 Jul; 14(15):3009.

340

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zapatero A%5BAuthor%5D&cauthor=true&cauthor_uid=28847615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dot I%5BAuthor%5D&cauthor=true&cauthor_uid=28847615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diaz Y%5BAuthor%5D&cauthor=true&cauthor_uid=28847615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gracia MP%5BAuthor%5D&cauthor=true&cauthor_uid=28847615
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez-Ter%C3%A1n P%5BAuthor%5D&cauthor=true&cauthor_uid=28847615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Climent C%5BAuthor%5D&cauthor=true&cauthor_uid=28847615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Masclans JR%5BAuthor%5D&cauthor=true&cauthor_uid=28847615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nolla J%5BAuthor%5D&cauthor=true&cauthor_uid=28847615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nolla J%5BAuthor%5D&cauthor=true&cauthor_uid=28847615

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

365. The effect of vitamin D on bone and osteoporosis. Lips P, van Schoor NM. Best Pract Res Clin
Endocrinol Metab. 2011 Aug; 25(4):585-91.

366. Kidney bone disease and mortality in CKD: Revisiting the role of vitamin D, calcimimetics, alkaline
phosphatase, and minerals. Kalantar-Zadeh K, Shah A, Duong U, et al. Kidney Int Suppl
2010 Aug; 117:510-21.

367. Vitamin D, parathyroid hormone, and bone mineral density status in kidney transplant recipients.
Savaj S, Ghods Fl. Iran J Kidney Dis. 2012 Jul; 6(4):295-99.

368. Vitamin D Receptor: New Assignments for an Already Busy Receptor. Norman AW. Endocrinology.
2006; vol 147: pp. 5542-5548.

369. Vitamin D and inflammation. Cannell JJ, Grant WB, Holick MF. Dermatoendocrinol.
2015 Jan 29; 6(1):e983401.

370. Vitamin D In chronic kidney disease: Is there a role outside of PTH control? Brogan M, Astor BC,
Melamed ML. Curr Opin Nephrol Hypertens. 2020 Mar; 29(2):243-47.

371. The effect of cholecalciferol for lowering albuminuria in chronic kidney disease: A prospective
controlled study. Molina P, Gérriz JL, Molina MD, et al. Nephrol Dial Transplant. 2014 Jan; 29(1):97-109.

372. The effect of long-term cholecalciferol supplementation on vascular calcification in chronic kidney
disease patients with hypovitaminosis. Samaan F, Carvalho AB, Pillar R, et al. J Ren Nutr
2019 Sep; 29(5):407-15.

373. Defective renal maintenance of the vitamin D endocrine system impairs vitamin D renoprotection:
A downward spiral in kidney disease. Samaan F, Carvalho AB, Pillar R. Kidney Int
2011 Apr; 79(7):715-29.

374. Vitamin D, proteinuria, diabetic nephropathy, and progression of CKD. Agarwal R. J Am Soc
Nephrol. 2009 Sep; 4(9):1523-28.

375. The activation of the cytochrome P-450 dependent monooxygenase system by light. Muller-Enoch
D, Gruler H. Z Naturforsch C. 1986 May-Jun; 41(5-6):604-12.

376. Light-induced activation and synchronization of the cytochrome P-450 dependent monooxygenase
system. Haberle W, Gruler H, Dutkowski P, Mller-Enoch D. Z Naturforsch C.

1990 Mar-Apr; 45(3-4):273-9.

377. Light-driven biocatalysis with cytochrome P450 peroxygenases. Girhard M, Kunigk E, Tihovsky

S, Shumyantseva VV, Urlacher VB. Biotechnol Appl Biochem. 2013 Jan-Feb; 60(1): 111-18.

341

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCller-Enoch D%5BAuthor%5D&cauthor=true&cauthor_uid=2944298
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCller-Enoch D%5BAuthor%5D&cauthor=true&cauthor_uid=2944298
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gruler H%5BAuthor%5D&cauthor=true&cauthor_uid=2944298
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gruler H%5BAuthor%5D&cauthor=true&cauthor_uid=2944298
https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%A4berle W%5BAuthor%5D&cauthor=true&cauthor_uid=2163642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gruler H%5BAuthor%5D&cauthor=true&cauthor_uid=2163642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gruler H%5BAuthor%5D&cauthor=true&cauthor_uid=2163642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dutkowski P%5BAuthor%5D&cauthor=true&cauthor_uid=2163642
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCller-Enoch D%5BAuthor%5D&cauthor=true&cauthor_uid=2163642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Girhard M%5BAuthor%5D&cauthor=true&cauthor_uid=23586998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kunigk E%5BAuthor%5D&cauthor=true&cauthor_uid=23586998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tihovsky S%5BAuthor%5D&cauthor=true&cauthor_uid=23586998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tihovsky S%5BAuthor%5D&cauthor=true&cauthor_uid=23586998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shumyantseva VV%5BAuthor%5D&cauthor=true&cauthor_uid=23586998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Urlacher VB%5BAuthor%5D&cauthor=true&cauthor_uid=23586998

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

378. Slaving the cytochrome P-450 dependent monooxygenase system by periodically applied light
pulses. Gruler H, Miiller-Enoch D. Eur Biophys J. 1991; 19(4):217-19.

379. The Fourth Phase of Water: Beyond Solid, Liquid, Vapor. Gerald H. Pollack. Ebner & Sons Publishers.
2013.

380. Water structure and interactions with protein surfaces. Raschke TM. Curr Opin Struct Biol.
2006 Apr; 16(2):152-9.

381. Water Determines the Structure and Dynamics of Proteins. Bellissent-Funel MC, Hassanali
A, Havenith M, Henchman R, Pohl P, Sterpone F, van der Spoel D, Xu Y, Garcia AE. Chem Rev.
2016 Jul 13; 116(13):7673-97.

382. Water mediation in protein folding and molecular recognition. Levy Y, Onuchic JN. Annu Rev
Biophys Biomol Struct. 2006; 35:389-415.

383. Dynamics of hydration water in proteins. Teixeira J. Gen Physiol Biophys. 2009; 28(2):168-73.
384. Sub-terahertz spectroscopy reveals that proteins influence the properties of water at greater
distances than previously detected. Sushko O, Dubrovka R, Donnan RS. J Chem Phys.

2015 Feb 7; 142(5):055101.

385. The role of water in amyloid aggregation kinetics. Stephens AD, Kaminski Schierle GS. Curr Opin
Struct Biol. 2019 Oct; 58:115-123.

386. Local structure and dynamics of hydration water in intrinsically disordered proteins. Rani P, Biswas
P. J Phys Chem B. 2015 Aug; 119(34):10858-67.

387. Interaction with surrounding water plays a key role in determining the aggregation propensity of
proteins. Chong SH, Ham S. Angew Chem Int Ed Engl. 2014 Apr: 53(15):1961-4.

388. Protein structural and surface water rearrangement constitute major events in the earliest
aggregation stages of tau. Pavlova A, Cheng CY, Kinnebrew M, Lew J, Dahlquist FW, Han S. Proc Natl Sci
USA. 2016 Jan; 113(2):E127-36.

389. Role of water in aggregation and amyloid polymorphism. Thirumalai D, Reddy G, Straub JE. Acc
Chem Res. 2012 Jan; 45(1):83-92.

390. Mineral Bone Disorders in Kidney Disease Patients: The Ever-Current Topic. Hu L, Napoletano A,
Provenzano M, et al. Int J Mol Sci. 2022 Oct; 23(20):12223.

391. Mineral bone disorders in chronic kidney disease. Hou YC, Lu CL, Lu KC. Nephrology (Carlton)
2022 Oct;23 Suppl 4:88-94.

342

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gruler H%5BAuthor%5D&cauthor=true&cauthor_uid=1903102
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCller-Enoch D%5BAuthor%5D&cauthor=true&cauthor_uid=1903102
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raschke TM%5BAuthor%5D&cauthor=true&cauthor_uid=16546375
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bellissent-Funel MC%5BAuthor%5D&cauthor=true&cauthor_uid=27186992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hassanali A%5BAuthor%5D&cauthor=true&cauthor_uid=27186992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hassanali A%5BAuthor%5D&cauthor=true&cauthor_uid=27186992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Havenith M%5BAuthor%5D&cauthor=true&cauthor_uid=27186992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Henchman R%5BAuthor%5D&cauthor=true&cauthor_uid=27186992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pohl P%5BAuthor%5D&cauthor=true&cauthor_uid=27186992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sterpone F%5BAuthor%5D&cauthor=true&cauthor_uid=27186992
https://www.ncbi.nlm.nih.gov/pubmed/?term=van der Spoel D%5BAuthor%5D&cauthor=true&cauthor_uid=27186992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu Y%5BAuthor%5D&cauthor=true&cauthor_uid=27186992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia AE%5BAuthor%5D&cauthor=true&cauthor_uid=27186992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Levy Y%5BAuthor%5D&cauthor=true&cauthor_uid=16689642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onuchic JN%5BAuthor%5D&cauthor=true&cauthor_uid=16689642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teixeira J%5BAuthor%5D&cauthor=true&cauthor_uid=19592713
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sushko O%5BAuthor%5D&cauthor=true&cauthor_uid=25662667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubrovka R%5BAuthor%5D&cauthor=true&cauthor_uid=25662667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donnan RS%5BAuthor%5D&cauthor=true&cauthor_uid=25662667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pavlova A%5BAuthor%5D&cauthor=true&cauthor_uid=26712030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng CY%5BAuthor%5D&cauthor=true&cauthor_uid=26712030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kinnebrew M%5BAuthor%5D&cauthor=true&cauthor_uid=26712030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lew J%5BAuthor%5D&cauthor=true&cauthor_uid=26712030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dahlquist FW%5BAuthor%5D&cauthor=true&cauthor_uid=26712030

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

392. Bone disease in chronic kidney disease and kidney transplant. Bellorin-Font E, Rojas E, Martin KJ.
Nutrients 2022 Dec;15(1):167.

393. Phosphate burden and organ dysfunction. Mironov N, Atfi A, Razzaque MS. Front Aging.
2022 Jul; 3:90985.

394. Phosphate balance and CKD-mineral bone disease. Sprague SM, Martin KJ, Coyne DW. Kidnet Dis
Int Rep. 2021 May; 6(8):2049-58.

395. Osteoporosis in patients with chronic kidney disease: A systemic review. Hsu CY, Chen LR, Chen KH.
Int J Mol Sci. 2020 Sep;21(18);6814.

396. FGF23 in chronic kidney disease. Wahl P, Wolf M. Adv Exp Med Biol. 2012;728:107-25.

397. FGF23 impairs peripheral microvascular function in renal failure. Varkaik M, Juni RP, van Loon EPM,
et al. Am J Physiol Heart Circ Physiol. 2018 Nov; 315(5):H1414-1424.

398. Accelerated and intensified calcific atherosclerosis and microvascular dysfunction in patients with
chronic kidney disease. Fakhry M, Sidhu MS, Bangalore S, et al. Rev Cardiovasc Med.
2020 Jun; 21(2):157-62.

399. The making of a bone in blood vessels: From the soft shell to the hard bone. Fukugawa M, Kazama
J). Kidney Int. 2007; 72:533-534.

400. The pathogenesis of vascular calcification in the chronic kidney disease mineral bone disorder:
The links between bone and the vasculature. Hruska KA, Mathew S, Lund RJ, et al. Semin Nephrol. 2009
Mar; 29(2):156-65.

401. Vitamin D retains an important role in the pathogenesis and management of secondary
hyperparathyroidism in chronic renal failure. Cozzolino M, Gallieni M, Brancaccio D, et al. J Nephrol.
2006 Sep; 19(5):566-77.

402. FGF-23 and secondary hyperparathyroidism in chronic kidney disease. Silver J, Naveh-Many T. Nat
Rev Nephrol. 2013 Nov; 9(11):641-49.

403. Parathyroid hormone signaling in bone and kidney. Lee M, Partridge NC. Curr Opin Nephrol
Hypertens. 2009 Jul; 18(4):298-302.

404. Renal metabolic and cardiovascular considerations in SGLT2 inhibition. DeFronzo RA, Norton L,
Abdul-Ghani M. Nat Rev Nephrol. 2017 Jan; 13(1):11-26.

405. Targeting renal glucose reabsorption to treat hyperglycaemia: The pleiotropic effects of SGLT2
inhibition. Vallon V, Thomson SC. Diabetologia. 2017 Feb; 60(2):215-25.

343

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

406. SGLT2 inhibition for the prevention and treatment of diabetic kidney disease: A review. Alicic RZ,
Johnson EJ, Tuttle KR. J Kidney Dis. 2018 Aug; 72(2):267-77.

407. Renoprotective effects of SGLT2 inhibitors: Beyond glucose reabsorption inhibition. Tsimihodimos
V, Filippatos TD, Filippas-Ntekouan S, et al. Curr Vasc Pharmacol. 2017; 15(2):96-102.

408. Renoprotective effects of sodium-glucose cotransporter-2 inhibitors. Heerspink HJL, Kosiborod M,
Inzucchi SE, et al. Kidney Int. 2018 Jul; 94(1):26-39.

409. Early changes in albuminuria with canagliflozin predicts kidney and cardiovascular outcomes: A
post hoc analysis from the CREDENCE trial. Oshima M, Neuen BL, Li J, et al. J Am Soc Nephrol.
2020 Dec; 31(12):2925-36.

410. Inhibition of SGLT2 co-transporter by dapagliflozin ameliorates tubular proteinuria and tubule-
interstitial interstitial injury at the early stage of diabetic kidney disease. Farias RS, Silva-Aguiar RP,
Teixeira DE, et al. Eur J Pharmacol. 2023 Mar; 942:175521.

411. Renal protection by sodium-glucose cotransporter 2 inhibitors and its underlying mechanisms in
diabetic kidney disease. Mima A. J Diabetes Complications. 2018 Jul; 32(7):720-25.

412. Cardiovascular effects of canagliflozin in relation to renal function. Sarraju A, Bakris G, Cannon CP,
et al. J Am Coll Cardiol. 2022 Nov; 80(18):1721-31.

413. Benefits of SGLT2 inhibitors in arrhythmias. Gao J, Xue G, Zhan G, et al. Front Cardiovasc Med.
2022 Oct; 9:1011429.

414. Class effects of SGLT2 inhibitors on cardiorenal outcomes. Kluger AY, Tecson KM, Lee AY, et al.
Cardiovasc Diabetol. 2019 Aug; 18(1):99.

415. Glycemic control by the SGLT2 inhibitor empagliflozin decreases aortic stiffness, renal resistivity
index and kidney injury. Aroor AR, Das NA, Carpenter AJ, et al. Cardiovasc Diabetol. 2018 Jul; 17(1):108.

416. Sodium glucose transporter 2 (SGLT2) inhibition with empagliflozin improves cardiac diastolic
function in a female rodent model of diabetes. Habibi J, Aroor AR, Sowers IR, et al. Cardiovasc Diabetol.
2017 Jan; 16(1):9.

417. Empagliflozin ameliorates adverse left ventricular remodeling in nondiabetic heart failure by
enhancing myocardial energetics. Santos-Gallego CG, Requena-lbanez JA, San Antonio R, et al. J Am Coll
Cardiol. 2019 Apr; 73(15):1931-44.

418. SGLT2 inhibition via empagliflozin improves endothelial function and reduces mitochondrial
oxidative stress: Insights from the frail hypertensive and diabetic patients. Mone P, Varzideh F,

Jankauskas SS, et al. Hypertension. 2022 Aug; 79(8):1633-43.

344

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

419. SGLT2 inhibitor dapagliflozin reduces endothelial dysfunction and microvascular damage during
cardiac ischemia/reperfusion injury through normalizing the XO-SERCA2-CaMKII-coffilin pathways. Ma
L, Zou R, Shi W, et al. Theranostics. 2022 Jun; 12(11):5034-50.

420. Empagliflozin ameliorates diabetic cardiomyopathy via attenuating oxidative stress and improving
oxidative function. Wang J, Huang X, Liu H, et al. Oxid Med Cell Longev. 2022 May; 2022:1122494.

421. SGLT2 inhibition on mitochondrial function: searching for a sweet spot. Sawicki KT, Ben-Sahra |,
McNally EM. J Am Heart Assoc. 2021 Jul; 10(13):e021949.

422. An Overview of the cardiorenal protective mechanisms of SGLT2 inhibitors. Salvatore T, Galiero R,
Caturano A, et al. Int J Mol Sci. 2022 Mar; 23(7):3651.

423. Mitochondria-mediated cardiovascular benefits of sodium-glucose co-transporter 2 inhibitors.
Dabravolski SA, Zhuravlev AD, Kartuesov AG, et al. In J Mol Sci. 2022 May; 23(10):5371.

424, Efficacy and safety of sodium-glucose co-transporter-2 inhibitors in type 2 diabetes mellitus: A
systematic review and network meta-analysis. Zaccardi F, Webb DR, Htike ZZ, et al. Diabetes Obes
Metab. 2016 Aug; 18(8):783-94.

425. Benefits and harms of sodium-glucose co-transporter 2 inhibitors in patients with type 2 diabetes:
A systematic review and meta-analysis. Storgaard H, Gluud LL, Bennett C, et al. PLoS One.

2016 Nov; 11(11):e0166125.

426. Role of chronic hyperglycemia in the pathogenesis of coronary microvascular dysfunction in
diabetes. Di Carli MF, Janisse J, Grunberger G, et al. J Am Coll Cardiol. 2003 Apr; 41(8):1387-93.

427. Hyperglycemia: A Vicious Cycle With Widespread Consequences. Stehouwer CDA. Diabetes. 2018
Sep; 67(9):1729-41.

428. Contemporary outcomes of anemia in US patients with chronic kidney disease. Wittbrodt ET,
James G, Kumar S, et al. Clin Kidney J. 2021 Oct;15(2):244-52.

429. Anemia and mortality in patients with nondialysis-dependent chronic kidney disease. Stirnadel-
Farrant HA, Luo J, Kler L, et al. BMC Nephrol. 2018 Jun; 19(1):135.

430. Burden of anemia in chronic kidney disease: Beyond erythropoietin. Hanna RM, Streja E, Kalantar-
Zadeh K. Adv Ther. 2021 Jan; 38(1):52-75.

431. Anemic and heart failure: A narrative review. Siddiqui SW, Ashok T, Patni N, et al. Cureus 2022. Jul;
14(7):e27167.

345

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm

INOVACUS

432. Clinical management of iron deficiency anemia in adults: Systemic review on advances in diagnosis
and treatment. De Franceschi L, lolascon A, Taher A, et al. J Int Med. 2017 Jul; 42:16-23.

433. Intravenous versus oral iron supplementation for the treatment of anemia in CKD: An updated
systematic review and meta-analysis. Shepshelovich D, Rozen-Zvi B, Avni T, et al. Am J Kidney Dis.
2016 Nov; 68(5):677-90.

434. Iron Supplementation, response in iron-deficiency anemia: Analysis of five trials. Okam MM, Koch
TA, Tran MH. Am J Med. 2017 Aug; 130(8):991.e1-991.e8.

435. Normalization of hemoglobin level in patients with chronic kidney disease and anemia. Driieke TB,
Locatelli F, Clyne N, et al. NEJM. 2006 Nov; 355(20):2071-84.

436. What is causing the mortality in treating the anemia of chronic kidney disease: Erythropoietin
dose or hemoglobin level? Singgh AK. Curr Opin Nephrol Hypertens. 2010 Sep; 19(5):420-24.

437. Mechanism of increased mortality risk with erythropoietin treatment to higher hemoglobin
targets. Fishbane S, Besarab A. J Am Soc Nephrol. 2007 Nov; 2(6):1274-82.

438. Anemia and anemia correction: Surrogate markers or causes of morbidity in chronic kidney
disease? Vaziri ND. Nat Clin Pract Nephrol. 2008 Aug; 4(8):436-45.

439. Hypoxia-inducible factors in physiology and medicine. Semenza G. Cell. 2012 Feb; 148(3):399-408.

440. Hypoxia-inducible factor and its role in the management of anemia in chronic disease. Kaplan JM,
Sharma N, Dikdan S. Int J Mol Sci. 2018 Jan; 19(2):389.

441. Role of the hypoxia inducible factors HIF in iron metabolism. Peyssonnaux C, Nizet V, Johnson RS.
Cell Cycle. 2008 Jan; 7(1):28-32.

442. Hypoxia-inducible factors and diabetic kidney disease — how deep can we go? Stanigut AM, Pana
C, Enciu M, et al. Int J Mol Sci. 2022 Sep; 23(18):10413.

443, Effect of hypoxia-inducible factor-prolyl hydroxylase inhibitors on anemia in patients with CKD: A
meta-analysis of randomized controlled trials including 2804 patients. Wang B, Yin Q, Han YC, et al. Ren
Fail. 2020 Nov; 42(1):912-25.

444, Effects of hypoxia-inducible factor prolyl hydroxylase inhibitors on iron regulation in non-dialysis-

dependent chronic kidney disease patients with anemia: A systematic review and meta-analysis. Li J,
Xie QH, You L, et al. Pharmacol Res. 2021 Jan; 163:108272.

346

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001

Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal Syndrome: A New Causal Paradigm
INOVACUS

445, Hypoxia-inducible factor prolyl hydroxylase inhibitors: a paradigm shift for treatment of anemia in
chronic kidney disease? Souza E, Cho KH, Harris ST, et al. Expert Opin Investig Drugs.
2020 Aug; 29(8):831-44.

446. Future perspectives of anemia management in chronic kidney disease using hypoxia-inducible
factor-prolyl hydroxylase inhibitors. Sugahara M, Tanaka T, Nangaku M. Pharmacol Ther.
2022 Nov; 239:108272.

447. Efficacy and cardiovascular safety of roxadustat in dialysis-dependent chronic kidney disease:
Pooled analysis of Four Phase 3 Studies. Barratt J, Sulowicz W, Schomig M, et al. Adv Ther.
2021; 38(10):5345-60.

448, Roxadustat for the maintenance treatment of anemia in patients with end-stage kidney disease
on stable dialysis: A European Phase 3 Randomized, Open-Label, Active-Controlled Study (PYRENEES).
Csiky B, Schémig M, Esposito C, et al. Adv Ther 2021; 38(10):5361-80.

449, US Food and Drug Administration, Division of Nonmalignant Hematology and Office of Cardiology,
Hematology, Endocrinology, and Nephrology, Office of New Drugs, Center for Drug Development and
Research. FDA briefing document, Cardiovascular and Renal Drugs Advisory Committee meeting July 15,
2021: Roxadustat. https://www.fda.gov/media/150728/download

450. Debate: Are Hydroxylase Inhibitors Stabilizers a Viable Alternative to Erythropoiesis-Stimulating
Agents in the Management of Anemia in CKD? CON. Wish JB. Am J Nephrol. 2022; 53:366-71.

347

Thorp KE, Thorp JA, Northrup C, Thorp EM, Ajovi SE, Kepros JP. Energy Dynamics in Chronic Heart Failure, Chronic Kidney Disease & the Cardiorenal
Syndrome: A New Causal Paradigm. G Med Sci. 2023; 4(1):290-347. https://www.doi.org/10.46766/thegms.medphys.23041001



https://www.doi.org/10.46766/thegms.medphys.23041001
https://www.fda.gov/media/150728/download

