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ABSTRACT

Modern societies heavily rely on sophisticated energy resources, likewise human baseline daily and stress related activity commencing on the molecular
and cellular level is essentially dependent on properly functioning energy producing, rebooting and storage conditions.

Adenosine triphosphate (ATP) assumes the role of universal energy currency stored in high energy phosphate bounds, with immediate availability for
biochemical processes requiring fuel resources. The intrinsic resources for ATP are mitochondria providing synthesis from ADP mediated by ATPase, and
ATP is recycled in significant amounts from high ATP containing organs, like muscles. ICU patients are characterized by low ATP reserves. The reasons are
conceivably multifactorial, including increased requirements, mitochondrial damage, catabolism and muscle breakdown, leading to impaired availability
and increased demand.

Phosphocreatine (PCr) provides the high energy substrate to promote regeneration of ATP rendering an immediate energy resource bypassing the largely
oxygen dependent oxidative phosphorylation. Currently, phosphocreatine substitution is available therapeutically, offering a transient supportive tool to
the organism during conditions when demand is enhanced, production may suffer and endogenous resources of creatine or phosphocreatine are relatively
low.

Exogenous phosphocreatine supplementation may be beneficial during critical care illness, when energy resource processing and utilization may be
dampened by ischemic and inflammatory pathological processes. The significance of supplementary immediate energy substitution is demonstrated on

case reports during inflammatory conditions.
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Abbreviations

ADP: Adenosine Diphosphate

ATP: Adenosine Triphosphate

B.Fragilis: Bacillus Fragilis

BMI: Body Mass Index

CABG: Coronary Artery Bypass Surgery

c¢GAS: cyclicGMP-AMP Synthase - Stimulator of Interferon
Genes

CK: Creatinine Phosphokinase

CRP: C Reactive Protein

DAMP: Disease Associated Molecular Patterns

DNA: Deoxyribonucleic Acid

E. coli: Escherichia Coli

FADH2: Flavin Adenine Dinucleotide

GM-CSFR: Granulocyte-Macrophage Colony-Stimulating Factor
Receptor

GPCR: G Protein Coupled Receptors

GSH/GPX 4: Glutathione/ Glutathione Peroxidase 4

HFpEF HfrEF: Heart Failure with Preserved, Resp. Reduced
Ejection Fraction

ICU: Intensive Care Unit

IL-1: Interleukin One Beta

MI: Myocardial Infarction

MitCK: Mitochondrial Creatine Kinase

NADPH: Nicotinamide Adenine Dinucleotide Phosphate

NFKb: Nuclear Factor Kappa-Light-Chain-Enhancer of Activated
B Cells

NLRP3: NLR Family Pyrin Domain Containing 3
OXPHOS: Oxidative Phosphorylation

PCr: Phosphocreatine or Creatine Phosphate
PDH: Pyruvate Dehydrogenase

PCT: Procalcitonine

PMNs: Polymorphonuclears

ROS: Reactive Oxygen Species

RYV EF: Right Ventricle Ejection Fraction

SAH: Subarachnoid Hemorrhage

SIRS: Systemic Inflammatory Response Syndrome
SOD: Superoxide Dismutase

TAMAX: Time Averaged Maximum Velocity
TAPSE: Tricuspid Annular Systolic Excursion
TLR4,9: Toll-Like Receptor 4,9

TNF-a: Tumor Necrosis Factor Alpha

Introduction

Essentially all energy resources - carbohydrates, proteins and
lipids, upon breakdown terminate in the mitochondria, where
they become converted to acetyl-CoA, serving as substrate for
Krebs cycle, releasing reduced cofactors NADH and FADH2. The
cofactors then donate electrons to the electron transport chain for
oxidative phosphorylation, in which energy is produced through the
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flow of electrons enabled by five large protein complexes localized
in the inner mitochondrial membrane, creating an electrochemical
gradient culminating in ATP synthase (complex V) mediated
conversion of ADP to ATP [1]. Approximately 30 to 36 molecules
of ATP are produced during this aerobic process from a molecule
of glucose, approximately 100 molecules of ATP are produced
upon beta oxidation of a 16-carbon containing fatty acid. The
ATP synthase, that lies in inner mitochondrial membranes, utilizes
ADP H+ and inorganic P to produce ATP and water. Rising levels
of ADP and H+ in the mitochondrial matrix stimulate APTase in
this acceptor-controlled pathway. The mitochondrial Oxidative
Phosphorylation System (OXPHOS) is responsible for generating
ATP, then by the mediation of mitochondrial Creatine Kinase (mit
CK), ATP releases its phosphate group to creatine phosphate (or
phosphocreatine PCr) which is a small mobile molecule, and able
to diffuse to cytoplasm in order for the reverse reaction to take
place mediated by cytoplasmic CK.

Phosphocreatine Mechanism of Action

The biosynthesis of the intrinsic phosphocreatine pool occurs
chiefly in muscles from creatine transported from the kidney
and the liver, where creatine is synthetized. 50% of creatine is
replenished by uptake from food resources, meats, eggs and dairy
in particular. Creatine is depleted from the body during CRRT.
A small proportion is metabolized to creatinine and excreted via
kidneys [2].

The available PCr amount is sufficient only for the first five to eight
seconds of muscle activity, after that it must be replenished from
resources to secure continuing functionality. Such replenishment
may be shattered due to heavy reliance on several organ systems
that may partially fail during critical illness related multiorgan
dysfunction. Hypoxia-ischaemia leads to quick ATP depletion and
cell death consequently.

The energy supplementing functions of PCr are diverse: increasing
ATP synthase activity, reducing degradation of AMP, enhancing
CK activity, preventing ADP degradation, and reducing ROS.

Endogenous PCr serves as a shuttle for ATP transfer from
mitochondria to the cytoplasm for exertion. Conversely, in
resting state, ATP is utilized for the regeneration of PCr from
creatine, catalyzed by creatine kinase. Such regeneration may
be suboptimally functioning in critical care related conditions,
underscoring the requirement for exogenous PCr substitution,
providing energy support particularly for organs with high energy
requirements such as the brain, the heart, muscles and the kidneys.

Mitochondrial dysfunction leads to relative PCr depletion,
presupposing its substitution [3]. Mice that are deficient in mit
PCr show impaired ability to maintain ATP levels particularly
under conditions of physical strain. The thyroid hormones aid at
increasing phosphocreatine levels and enhancing its regeneration
after muscle contraction. In prolonged hypothyroid conditions
experimentally, a greater amount of ADP and creatine was required
to stimulate mitochondrial function and while PCr levels are
normal in hypothyroid patients, cardiolipin, holding mitCK is
lower and the PCr shuttle is slower leading to less ATP production.
Studies also showed that creatine supplementation decreases ROS
formation.

The expectation is that phosphocreatine supplementation enhances
ATP production tilting the adenosine/AMP/ADP/ATP cascade
towards ATP production and that PCr partially bypasses the chain
of oxidative phosphorylation which may be compromised and/

or interrupted or conversely enhanced in SIRS condition, when
increased production and defective elimination of reactive oxygen
species occurs [4].

Beyond the energy supplementing function, phosphocreatine
contributes to the enhancement of lipid cell membrane stability.
The lipid components of the cell membrane, phosphatidyl-choline,
phosphatidyl-serine and phosphatidyl-etanolamide bind to the
ammonia and phosphate groups of creatine phosphate [5,6].
Cellular membrane phospholipids are zwitterions that serve to
protect the cells from non-specific interactions, creating a barrier.
securing physical integrity. PCr upon low affinity zwitterion
interaction prevents phospholipid membrane disintegration
and hemolysis, induced by membrane permeabilizers [7]. By
stabilizing the mitochondrial membrane, PCr prevents flow of
reactive oxygen species to the cytoplasmic membrane [8].

Several experimental studies demonstrate how PCr protects cells
from apoptosis. In a in vitro model, treatment of hepatocellular
cancer cells and normal mouse liver cells with PCr leads to
improved survival, maintained mitochondrial membrane potential,
reduced apoptosis, reduced oxidative stress mediated by inhibiting
TLR4 and enhancing Akt (protein kinase B) prosurvival pathways
[9,10].

The current, locally approbated indications for PCr usage are
as constituent of cardioplegic solutions, and during myocardial
ischaemia.

Reactive Oxygen Species in Mitochondria and in Phagocytosis
Reactive oxygen species or free oxygen radicals, among them
the most potent are hydroxyl radicals, produced physiologically
in mitochondria and in phagosomes in small amounts. Under
physiological conditions, 99 % of oxygen leads to ATP production
and in 1% ROS is generated serving important physiological
functions, such as conditioning the immune system.

During pathological circumstances the pathway is skewed
towards preemptive closure of the OXPHOS pathway, causing
increased ROS production, and when antioxidative mechanisms
are overwhelmed or faulty, ROS cumulation takes place leading
to pathological processes, by breaking covalent bounds, inducing
lipid peroxidation by hypoxia activated phospholipase A2,
chromatin and protein denaturation [11]. Due to the presence of
an unpaired electron, ROS are unstable and very reactive. They
may fuse with reactive nitrogen species (RNS) thus potentiating
their destructive effect, such as mitochondrial fragmentation,
the inhibition of SOD / superoxide dismutases, the major ROS
deactivating enzymes [12].

In phagosomes ROS production serves to intracellular killing
of pathogens, and upon extracellular escape of ROS, and during
neutrophil apoptosis, ROS may contribute to severe collateral
tissue damage [13].The very same mechanisms that lead to cellular
and tissue toxicity, including ROS, RNS and metal ions serve to
kill engulfed pathogens by neutrophils causing bacterial protein
denaturation, lipid peroxidation and nucleic acid fragmentation.
They also facilitate NET formation for pathogen trapping. ROS
stimulates proinflammatory cytokine production (TNF-a, MIP2)
[14].

Inside phagosomes, the NADPHase complex becomes activated
upon bacterial engulfment or by pattern recognition receptors.
Upon pathogen encounter, integrin and Fc receptor engagement
leads to robust ROS pathway activation. TLR and cytokine (TNFR,
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GM-CSFR) receptor activation further enhances ROS production.
Fc receptors and integrins (CD11b/CD18) upon encountering
antibody opsonized pathogens initiate a robust ROS production
pathway.

Certain bacteria possess the ability to evade intracellular killing, for
example Streptococcus pneumoniae via capsular polysaccharide.
Group B streptococcus and Escherichia coli can withstand at least
partially the effect of ROS, by applying bacterial Superoxide
Dismutases (SOD). In Staphylococcus aureus, manganese
protects against ROS mediated killing even in the absence of
SOD. Some bacteria, implementing toxin production, deter ROS
production for instance streptolysin O from group A streptococci
CyaA toxin of Bordetella pertussis. Similarly to humans, certain
bacteria can utilize intrinsic GSH to protect against ROS. Listeria
monocytogenes prevents phagolysosome fusion. Pseudomonas
aeruginosa blocks the oxidative burst in PolyMorphoNuclears
(PMNs) [15].

The rare inherited deficiency of NADPHase in phagosomes,
Chronic Granulomatous Disease, may manifest from early
childhood with severe bacterial and fungal infections due to
inability to mount efficient ROS response(16). In analogy, we
encounter acquired defects in phagosomal activity, either due
to chronic disease induced impairment, or induced by pathogen
evasion processes, particularly in chronic substance abusers.
These patients typically present with severely impaired ability
of bacterial clearance and prolonged ICU stay accompanied
by recurrent infections, prolonged antibiotic usage, emerging
antibiotic resistance, prolonged clearance, of the primary pathogen.

Ferroptosis

ROS production is particularly harmful during ferroptosis, a leading
pathophysiological mechanism during pathological bleeding,
particularly in cases of hypertonic, hemostatic dysfunction or
traumatic intracerebral, intracranial and subarachnoidal bleeding.
[17,18]. Free hemoglobin and ferrous/ferric iron from lysed red
blood cells is a strong inducer of ROS production and lipid
peroxidation, inducing protein denaturation, DNA fragmentation,
and ferroptosis, that is iron dependent non-apoptotic cell death.
Ferroptosis significantly contributes to early brain injury and its
intensity is associated with mortality during intracerebral bleeding.
Lipid peroxidation may increase membrane permeability and
brain swelling [19].

ATP and Mitochondria in Sepsis

Sepsis is associated with mitochondrial damage, leading to
impaired energy production [20]. Approximately 50% of patients
develop septic cardiomyopathy significantly contributing to
mortality, induced by TLR4 activation proinflammatory cytokines
TNF-a, IL-1B. In a retrospective study of over 500 patients a
significant improvement in 28-day mortality was achieved when
PCr was added to the conventional treatment protocol. From
the immediate indications of efficiency, a significant difference
was found in lactate, GAP and nt-pro BNP levels at 72hours,
improved extubation, mechanical ventilation and ICU stay time,
even though hospitalisation time was not different, which is a
variable parameter of success [21].

The many faces of mitochondrial damage were studied under
experimental conditions, culminating in increased ROS production
and impaired antioxidative mechanisms. A significant decrease
in complex I activity of intercostal muscles of septic patients
was demonstrated. During sepsis iNOS is produced selectively

binding to complex IV, competing with oxygen. Upon binding
to ROS peroxynitrite is produced, a highly toxic oxygen radical,
irreversibly inhibiting I, CII, CIV, and ATPase.

MIT stress is an ongoing event during sepsis, leading to
mtDAMP(Danger Associated Molecular Pattern) release with
apoptotic potential and also contribute to SIRS via NLRP3
activation TLR9 and cGAS upregulation, and proinflammatory
cytokine release. Each cell contains hundreds, to thousands of MIT,
that continuously undergo fusions and fissions to ensure self repair,
yet this homeostasis may be breached during severe sepsis [22].

Sepsis leads to impaired mitophagy and MIT turnover, to
increased fission and fragmentation, and increased MIT membrane
permeability. Sepsis directs pyruvate in cytoplasm towards
lactate production, with an impaired PDH and APTase function.
Experimentally during caecal puncture and ligation (CPL) induced
sepsis pyruvate dehydrogenase (PDH) function had been enhanced
to produce AcoA and this led to improved survival [23].

Lactate

During muscle activity and stress, glycolysis is enhanced leading
to increased lactate production. Under normal conditions and
during physiological strain lactate provides important house
keeping functions. Not only pyruvate, but lactate too, serves as a
resource for oxidative phosphorylation in mitochondria. Lactate
is a major substrate for gluconeogenesis in the liver in the Cori
cycle and a hormonal messenger. During sepsis and ischaemia,
enhancement of ROS production by aggravated lactate shuttle has
harmful consequences. It is the imbalance between production and
clearance during sepsis and liver failure that may have deleterious
effects and functions as surrogate for mitochondrial dysfunction
in septic patients. Lactate levels above 2mmol/l are associated
with disease morbidity and mortality in sepsis.

Lactate utilization occurs partly via oxidation in mitochondria
(70-80%) during exercise. During sepsis, lactate mediated
lactylation(lactate conjugation to proteins via lysine residue)
of mitochondria and increased mitochondrial fission leads to
mitochondrial dysfunction and energy depletion [24]. Lactylation
modifies histones and immune cell functions. Excess lactate
enters the mitochondria, directly activates Oxphos, concurrently
suppresses glycolysis, and has a blocking effect on fatty acid
uptake by mitochondria for beta oxidation [25].

Extracellular ATP utilization by Pathogens

During cell damage, ATP is released extracellularly, similarly
bacteria produce ATP during growth phase release extracellularly
to facilitate pathogen host interactions [26]. Extracellular ATP
may act via several receptors inducing an inflammatory response.
The intriguing question is whether PCr may enhance detrimental
extracellular ATP production, and this issue warrants further
investigation. ATP recovery from PCr however is a rate limiting
enzymatic reaction, hence overt ATP levels halt the process.

In small amounts ATP is present physiologically extracellularly
with important housekeeping functions. During cell damage eATP
may induce NLRP3/IL-1f release via P2X7R, and via the same
receptors astrocyte phagocytosis is enhanced [27].

PCr in Chronic Disease Conditions

PCr has been shown to be cardioprotective and neuroprotective,
preventing demyelination [28]. Phosphocreatine and ATP levels
are decreased in heart failure,they are prognostic markers for
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mortality in heart failure [29]. Meta-analysis by Landoni showed
improved cardiac performance, significantly decreased inotrope
requirements, and less arrhythmias upon PCr administration. This
analysis included 41 studies with indications of CABG, M1, acute
and chronic heart failure [30]. Another meta-analysis of 9 trials
showed myocardial protection in viral myocarditis [31]. Significant
decrease in high-sensitivity troponin and cardiac creatine kinase
(CK-MB) levels was observed. Viral myocarditis, most frequently
associated with Coxsackie virus B3 SARS- Cov-2 and Parvovirus
19 infections has no specific treatment, and myocardial protection
by restoring the proper energy environment may at least partially
prevent apoptosis induced by cytopathic viruses. In an experimental
rat model of apoptosis, exogenous PCr alleviated myocardial
apoptosis [32]. Heart failure with preserved ejection fraction
(HFPeF) upon high-fat diet induction and treatment with nitric
oxide synthase (NOS) inhibitor in a mouse mode was associated
with impaired mitochondrial mitophagy, ROS cumulation an
impaired PDH function and fatty acid oxidation [33].

Studies demonstrate that tumors utilize PCr too. Yet tumors utilize
nutrients in general, similarly to healthy cells, unfortunately there
isn’t a metabolic pathway that would be exclusive to humans and
healthy cells as opposed to pathogens and tumors [34].

Particular matter (PM2,5) inhalation has been shown to induce
neuronal cell apoptosis, downregulation of energy pathways,
including phosphocreatine levels [35].

Endogenous and Exogenous Antioxidants

Several antioxidant systems are deployed by the organism to
dampen the deleterious effects of ROS cumulation, such as
the GSH/GPX4 glutathione/glutathione peroxidase 4 system,
being inhibited during subarachnoid hemorrhage (SAH), further
worsening lipid peroxidation. N-acetylcysteine serves as a
precursor for cysteine, therapeutically leading to the inhibition
of lipid peroxidation in hemorrhagic stroke [36]. Melatonin is
produced in pineal gland in small amounts (5%) of total production
to regulate sleep and in 95% in mitochondria, one of the most
ancient antioxidants with virostatic and bacteriostatic properties.
Intramitochondrial melatonin function is multilayered, inhibiting
ROS production by preventing electfon leakage, activating
antioxidant enzymes, increasing glutathione production, helps
repairing damaged DNA, and binds transition metal ions [37].

PCr and Catecholamines

ICU conditions are frequently associated with the need for
circulatory support using catecholamines and inotropes:
epinephrine, dopamine, norepinephrine(NE), milrinone
levosimendan or dobutamine.

We hypothesize that due to ATP requirement during the intracellular
signaling of chief catecholamines used in hemodynamically
unstable patients, concomitant PCr administration may lead
to enhanced efficacy and decreased overall catecholamine
requirements. We demonstrate in case scenarios the immediate
effect of PCr administration in vivo on decreased catecholamine
(norepinephrine) requirements.

Stressor induced epinephrine release from the adrenal gland
provides a signal to distant organs such as liver and muscles by
binding to alpha- and beta-adrenergic receptors on the external
cell membrane, leading to structural changes, and activation of
G-Protein Coupled Receptors (GPCR) [38]. These provide a
stimulatory signal for cytoplasmic adenylate cyclase activation
which dynamically starts ATP conversion to cyclic AMP (Adenosine

Monophosphate). The downstream enzymatic activation cascade
leads to the amplification of the signal, ultimately modulating
glucose metabolism in a manner that glycogenogenesis halts,
glycolysis in the muscles prevails, while glucogenesis in the liver
is the dominant feature, providing glucose, carried in blood to
organs as energy resource.

Vasodilation and increased vasopermeability are hallmarks of
sepsis, according to guidelines prompt antibiotics, increased
fluid intake, vasopressors (norepinephrine, argipressine) and
corticosteroids are the major therapeutic modalities [39]. While
maintenance of blood pressure and vascular tone are essential for
survival alpha or beta overstimulation may disrupt metabolism
and hormonal secretion. Therefore, it is desirable to minimize
catecholamine usage and achieve a homeostasis in which
endogenous or low-level extrinsic catecholamine support will
be sufficient.

The immune response is also influenced by NE via beta adrenergic
receptors leading to overall antiinflammatory effect. In higher
doses beta adrenergic activation inhibits NfKb and cytokine
production (TNF-a, IL-6,IL-10), in vitro NE decreases natural
killer cell cytotoxicity. These effects can be partially reversed by
beta blockers. Experimental studies are limited showing support
to gram positive and gram-negative bacterial growth in vitro,
reduction in CD11b/CD18 expression. It is plausible, that some of
the unequivocally lifesaving effect of catecholamine administration
in sepsis may contribute to a later immunosuppressive role, overt
catabolism, which should be prevented by tampering exogenous
catecholamines in timely manner [40]. Creatine supplementation
improves neutrophil function by increasing intracellular ATP
production [41].

Case Presentation

We present a 34 years old patient with necrotizing pancreatitis,
secondary septic insult on norepinephrine and vardessin, with
ongoing systemic inflammatory reaction and pyrexias for
consecutive three weeks. Upon emerging septic insult sedation
had to be increased and catecholamine requirements increased.
Cardiac contractility and intracranial arterial flow conduction had
been evaluated prior creatinine phosphate administration, one
and seven hours after administration. In an attempt to minimize
collateral confounders, the time lapse between administration and
measurements was minimized. Concomitantly antibiotics were
administered for ongoing three days already.

TAPSE (Tricuspid Annular Systolic Excursion) (Figure 2a),
S’(tricuspid annulus systolic velocity) (Figure 2¢), and diastolic
left ventricular parameters E(early diastole peak velocity)(2b)
were increased and mitral deceleration time (Figure 2d) decreased.
Measurements were provided according to the guidelines
advised in the literature (42). TAPSE correlates strongly with the
radionuclide angiogram, Simpson right ventricle ejection fraction
(RV EF) and RV fractional shortening with good specificity and
low sensitivity. The measurement of systolic annular velocity (S")
further underscores vertical right ventricle function, as it is the
dominant direction of contractile motion of the right ventricle.

We measured arterial flow through median cerebral arteries
bilaterally by using transcranial doppler sonography to assess
peripheral effects of cardiac performance and change in vessel
reactivity. Time averaged maximal velocity (TAMAX) (Figure
Ic) over cerebral medial arteries bilaterally was evaluated and
depicted at typical timepoints (0-1-6-7 h). PCr was administered
in doses of 2 grams for 30 minutes intravenously six hourly.
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Our measurements were reproducible upon repeated dosing. During
the subsequent 12 hours upon phosphocreatine commencement
norepinephrine doses (Figure 1a) could be significantly decreased.
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The second patient in our case study is a 73years old gentleman
with comorbidities, chronic nicotinism, low level chronic alcohol
abuse, obesity of BMI 41 due to sedentary lifestyle and limited
physical activity, and arterial hypertension. The patient was
admitted for acute gangrenous appendicitis and diffuse peritonitis,
septic shock and septic atrial tachyfibrillation, after four days of
worsening symptoms. Emergency appendectomy and peritoneal
lavage were executed. Due to severe hemodynamic instability type
one respiratory failure and somnolence the patient was admitted
to ICU on analgosedation mechanical ventilation and high dose
hemodynamic support (norepinephrine, argipressin, amiodarone
and landiolol) with conventional steroid supplementation using
hydrocortisone. Invasive hemodynamic monitoring using Edwards
Flotrac based on arterial waveform pulse contour analysis,
measuring stroke volume, stroke volume variability, cardiac
output systemic vascular resistance and parameters calculated
to body surface area was implied. Prompt antibiotic coverage
using piperacillin tazobactam reinforced with a single dose of
amikacin and rehydration according to sepsis guidelines were
introduced. Peritoneal secretion microbiology revealed Bacillus
fragilis and Escherichia coli. Laboratory measurements revealed
high inflammatory markers (CRP, PCT) with impaired phagocytic
stimulatory activity (Figure 3c), that may be a consequence of
pathogen evasion mechanisms, chronic nicotine and alcohol abuse.
B.fragilis impairs phagocytic killing of E. coli [43]. B.fragilis is
a normal constituent of the gastrointestinal microbiome, with
influence on the immune homeostasis. B. fragilis is inducing a
IL-33 dominant immune response in polymicrobial conditions,
with pronounced epigenetic modulatory effect [44]. The toxin
producing variant of BF is able to elicit colitis and colorectal
cancer. BF toxin has a destructive potential on epithelial cells,
by cleaving E cadherin destroying cell junctions and has a broad
cleavage activity on cellular and extracellular matrices, including
C3(complement component 3) [45]. It promotes proinflammatory
cytokine expression, and activates oncogenic transcription,
increases ROS production and promotes DNA damage. E.coli
evasion mechanisms include circumvention of complement
mediated killing with serine protease activity, polysaccharide
capsule presence and recruitment of complement regulatory
proteins [46].

As a supportive measure, phosphocreatine administration
was administered, 3 grams for six days. Due to the multitude
of contributors unambiguous association between prompt
improvement of cardiovascular stability, decrease in septic
parameters cannot be drawn. It is important to emphasize that
for the patient to improve source control, proper antibiotic
coverage, fluid management (Figure 3d,e), catecholamine and
antiarrhythmic administration were the priority yet an enhanced
and more complete full recovery required immediate energy
supplementation. The below graphs demonstrate the improved
lactate and base excess (Figure 3a), hemodynamic function, Stroke
Volume Variation (SVV), stroke volume index (SVI) (Figue.3b),
decreased catecholamine requirements (Figure 3b), which were
a result of coherent and combined interventions.
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Conclusion

This communication recognizes the importance of the proper
maintenance of energy balance upon severe stress inflicted by
critical illness.

We highlight the liability of adding immediate energy resources
to basic metabolic constituents, at times when synthetic pathways
are compromised. In this context creatine phosphate is discussed in
greater depth for representing an important adjunct to immediate
energy substrate substitution, alleviating the burden on oxidative
phosphorylation. PCr evokes diverse functions, enhancing the
ATP synthetic pathway, protecting cell membranes and by
dampening apoptosis. While PCr competence under ischaemic
conditions is well known, ICU related catabolic conditions, sepsis
and multiorgan failure, reconvalescence with enhanced energy

demands, and recovery upon lengthy surgical procedures are
theoretical indications for PCr administration. In case studies
we demonstrate the effect of creatine phosphate administration
on decreased norepinephrine requirement in septic patients with
limited energy reserves.

The effect of phosphocreatine may be direct by enhancing
catecholamine activity and indirect by increasing the overall
energy level of the organism, by maintaining cell membrane
integrity and preventing apoptosis.
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