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Abstract

Acute hyperglycemia or stress hyperglycemia commonly occurs in crititgdtients and could be
a marker of disease severity. Hyperglycemia at hospital admission isardynfiound in patients with
cardiovascular disease, regardless of their diabetic status; one of them yihinaiehArrhythmia or
dysrhythmia is a heart rhythm disorder that refers to any disturlanie frequency, regularity, location of
origin or electrical impulses conduction of the heart. Arrhythmias assocwite stress hyperglycemia
include atrial arrhythmias, supraventricular tachycardia (SVT), high-grade (atriovimriéy block, and
ventricular arrhythmias. Type 2 diabetes was also associated with a signifinarggsed risk of arrhythmias
and sudden deathlyperglycemia plays an important role in arrhythmia through vameashanismsin this
review, we describe the correlation and mechanism by which arrhythmiasoecoay in hyperglycemic
conditions
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Introduction

Acute hyperglycemia or stress hyperglycemia commonly occurs in crititgbtients and could be
a marker of disease severity. In addition, glucose levels, both at init@itdieadmission and mean glucose
level during hospitalization, are strongly associated with patient outcomes (Btaak, 2013). In 1878,
Claude Bernard, a French physiologist, described hyperglycemia occurremgerduimorrhagic shock, and it
is now known that associated acute illness or injury might cause hygerga, insulin resistance, and
glucose intolerance, collectively termed as stress hyperglycemia (Badawi et al., 29d@)glycemia at
hospital admission is commonly found in patients with coronaryt ltbsease (CHD), regardless of their
diabetic status. Martalena et al. stated that the prevalence of hyperglycemia at initial hdsgpigalon in
CHD patients at intensive care unit was 43.43%. Furthermore, arrhythmia is acaomplication in CHD
(Fariz et al., 2015).

Arrhythmia or dysrhythmia is a heart rhythm disorder that rééeesy disturbance in the frequency,
regularity, location of origin or electrical impulses conduction of theth@draler, 2013). Arrhythmias
associated with stress hyperglycemia include atrial arrhythmias, supraventrdmiigcardia (SVT), high-
grade (atrioventricular) AV block, and ventricular arrhythmias. Arrhythmia presglém hospitals is still
unclear. However, epidemiological data obtained from the New England Medigabl (2001) stated that
structural abnormalities of the coronary arteries were the cause of 808arofimythm disorders that might
lead to sudden death. Meanwhile, Agarwal et al., in their study in Indi81iA, stated that type 2 diabetes
was associated with a significantly increased risk of arrhythmias amtrswbath. This was described in
their study involving 100 patients with type 2 diabetes mellitus andthamigs for two years in India. As a
result of the study, 62% of the patients had prolonged QTc associatedawdihc autonomous neuropathy
and a high arrhythmia incidence (Agarwal et al., 2017).
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Stress Hyper glycemia Pathogenesis

The primary role of metabolic response to stress is to increase substtatsflecially glucose, to
the tissues that are dependentt. The brain is the main glucose consumer in fasting state and its utilization
rate is insulin independent. Therefore, central glucose delivery maintenancesiepgnon plasma glucose
concentration and adequate blood flow to the brain. Thus, stress hgeengycould be viewed as a means
of ensuring adequate glucose delivery to the brain during bodily atmrdgsrolonged fasting conditions.

During a condition in which cerebral blood flow is hormal, glucose uptake timocentral nervous
system (CNS) is sufficient if plasma glucose level is above 70 mg/dtedsing the body's production of
ketone from the liver during bodily stress or prolonged fasting condiiodstheir utilization by the brain
might reduce the obligatory need for carbohydrates by approxjn&ieo without impairing nerve function.
When the supply to the brain is reduced, it compromises the functiohitigg brain's glucose uptake and
ultimately results in neuronal death. Hence, blood flow compromigletdrain during bodily stress or
prolonged fasting conditions leads to stress hyperglycemia to compeurstite decrease of glucose delivery
to the brain (Moses, 2013).

Acute Disease, Stress Response, and Stress Hyper glycemia

The stress response is mediated largely by the hypothalamic-pituitarglattéA) axis and the
sympathoadrenal system. In general, there is a gradation in gradual stremsseaesportisol and
catecholamine levels were correlated with surgery type, disease severiggws@sma Scale, and APACHE
score (Marik et al., 2013). Under severe stress conditions, the cortigat fom adrenal gland increases 10-
fold (about 300 mg hydrocortisone per day). In patients with shegiephrine plasma concentration is
increased 50-fold and norepinephrine level is increased 10-fold.ifneased release of these stress
hormones induces a variety of metabolic, cardiovascular, and immeetsedfmed at restoring homeostasis
during stress. Furthermore, the HPA axis, the sympathoadrenal symtdnpro-inflammatory cytokines
(TNF-a, IL-1 and IL-6) act collectively and synergistically to induce stress hypmenglia (Marik et al.
2013).

The neuroendocrine response to stress is characterized by excessiveeageocesis,
glycogenolysis, anthsulin resistancestress hyperglycemia is primarily caused by increased liver glucose
output compared to impaired glucose extraction by cells in tissues. The metdfaalis of cortisol include
increasing blood glucose concentrations through key enzymes activatwveid in hepatic gluconeogenesis
and glucose uptake inhibition in peripheral tissues such as skeletal muscle @lagik 2013). Both
epinephrine and norepinephrine stimulate liver gluconeogenesis and egiptysjs; norepinephrine has the
additional effect of increasing glycerol supply to the liver via lipslysflammatory mediators, in particular
cytokines such as TNF-, IL-1, IL-6, and C-reactive protein, aldade peripheral insulin resistance (Figure
2). In addition, changes in adipokines (increased zinc-alpha glycopmteirdecreased adiponectin) of
adipose tissue during acute disease are thought to play a key roleimriesistance development (Olsseh
al., 2009).

Hyperglycemia and Cardiovascular Disease
Hyperglycemia has been shown to play a significant role in endothelial ndyisfu process.

Postprandial hyperglycemia is significantly correlated with postprandialcang@l perfusion (Chen-
scarabelli et al., 2006), and it might exert a deleterious effect on myocaadalilator function (Srinivasan
et al.,, 1998). Hyperglycemia causes several changes in vascular tissugcdblgrate atherosclerosis
incidence. Several mechanisms are thought to explain this event, includirgnmgmatic glycosylation of
proteins and lipids, protein kinase C (PKC) activation, and oxidative st@mm et al., 2007). These
processes in their courses will lead to the increase of intracellular friealsaffeactive oxygen species)
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formation, loss of collagen elasticity and flexibility, reduced NO produatesulting in smooth muscle
contraction, and atherosclerosis process acceleration, which in turn usk @aseries of atherosclerotic
clinical events and damages on end-organs (Aritonang et al., 2013).

Arrhythmia Pathophysiology

Arrhythmia is a condition in which the heart beats in an abnormalmhytinrhythmias could be a
primary, isolated disease such as supraventricular tachycardia (SVT), &vkilfigdn-White syndrome, lone
atrial fibrillation, atrial flutter, fascicular ventricular tachycardia, idiopathic right ver&icautflow tract
(RVOT) tachycardia, long QT syndrome, and Brugada syndrome, andsgodue to certain diseases such as
mitral stenosis, coronary heart disease, or induced by drugm tharrhythmia occurs, the heart could beat
irregularly, too rapidly (tachycardia), too slowly (bradycardia)not beating at all (asystole) (Lilly et al.
2016). Tachycardia is further characterized as supraventricular whenlitéstbe atrium or atrioventricular
(AV) node and as ventricular when it originated in the His-Purkinje sysie ventricle. Heart rhythm
disturbance resultsfrom changes in impulse formation, impulse conduction, or both. Arrhythmia’s
presentation ranges from benign general palpitations to severe symptonas somtcardiac output resulting
in cardiogenic shock, heart failure, and death. Arrhythmia could et@ury age (Lilly et al., 2016).

As explained in cardiac pathophysiology lecture, electrical impulse formation loéainearises from
the intrinsic automaticity of specialized cardiac cells. Automaticity refers to theatslity to spontaneously
depolarize to a threshold voltage to generate an action potential. Although atrial &imileemmyocytes do
not have this property under normal conditions, cells of the specializediatimmd system have natural
automaticity and are therefore called pacemaker cells. The specialized condustemssinclude the
sinoatrial node (SA-node), the AV node region, and the ventricular condusygtem. The ventricular
conduction system consists of the His bundle, left and right bundle lsanehd Purkinje fibers. In
pathological situations, myocardial cells outside the conduction systemaisaldcquire automaticity (Lilly
et al., 2016).

In general, arrhythmias occur due to changes in impulse formatiortamtliction. Both might
manifest as tachyarrhythmia or bradyarrhythmia (Figure 3). In tachylamias, the causes are automaticity,
triggered activity, and reentrant. Automaticity arises when an accelerated phéise patential occurs. This
type of arrhythmia is triggered by acute and critical conditions such as acatandigl infarction, electrolyte
disturbances, acidosis and includes stress hyperglycemia.

The most common cause of arrhythmias is reentrant, which is usaalbed by chronic processes
such as scarred myocardium and cardiomyopathy. The presence by laealtdiseased myocardial tissue in
close proximity is ideal for reentrants. Furthermore, a rare amfigtmechanism is triggered activity, which
is a combination of automaticity and a reentrant process (Yamin etH?). 20

M echanism of Arrhythmiasin Hyperglycemic Conditions

Sanjuan et al.. (2011) revealed that hyperglycemia on admission was adswoitiaten increased
risk of ventricular arrhythmias during hospitalization. Koracevic et 2008) reported that atrial fibrillation
(AF) was more common in the hyperglycemic group on admissiopad to the non-hyperglycemic group.
In Indonesia, Fariz et al.. (2015) at Cipto Mangunkusumo Hospital Jakaeatigated the correlation
between hyperglycemia during admission with arrhythmia incidence duwgatiment in patients with acute
coronary syndrome (ACS). The conclusion of this study was hypengigaduring admission might increase
arrhythmia risk during treatment in ACS patients.

The underlying mechanism could be explained in several ways. First, ingsidtance and acute
hyperglycemia increase free fatty acid concentrations and predispogmpatketic-vagal nerve imbalance
(Smit et al., 2006). Lipid accumulation in the myocardium causes catenoad, while sympathetic-vagal
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nerve imbalance causes a prolonged QT interval. Second, insulin resistamtigaamthatory hyperglycemia
are increased in ACS, contributing to structural and electrical remodeling (Waab, €015). Third,

hyperglycemia increases free radical production and decreases nitric oxidepddDytion, resulting in

prolonged myocardial repolarization, tachycardia potentiation, delayed protection \emmicular

arrhythmias, and sympathetic modulation of ventricular electrophysiological pesperFourth,

hyperglycemia activates the intracrine renin-angiotensin system, whidts iespermeability disturbance of
the gap junction. This leads to myocardial dysfunction and arrhythmitis, Ryperglycemia increases
platelet aggregation, which might result in changes in action potentials amchmial contractility, and
action potential spread (Fariz et al., 2015).

Effects of Hyperglycemia on Reduced Nitric Oxide (NO) Bioavailability in Arrhythmia Process

It has been described that hyperglycemia might induce oxidative stress and deadrtmlation of
advanced glycation end-products, both of which lead to NO eliminationghneduced NO bioavailability.
This is due to vascular effect reversal induced during hyperglycemiaargithine, thereby reducing NO
bioavailability in the process (Giugliano et al., 1997). This processdoiced NO bioavailability might partly
explain the increased incidence of ventricular arrhythmias in patients @dthgbycemic control. Moreover,
the modulating effect of NO on arrhythmia development is described in pinesesses: suppression of
arrhythmia-induced-ouabain (Na-K-ATP-ase inhibitor) by NO derived fadothelial activation of myocyte
nitric oxide synthase (NOS), potentiation of tachycardia through NOS inhibitiorippeotction inhibition
against ventricular arrhythmias through NOS formation, and sympathetict efiodulation on ventricular
electrophysiological properties, and possibly through reduced NO-indwacedinephrine release in the heart
(to reduce ventricular arrhythmia incidence). However, it should be timédardiomyocyte overexpression
of NOS has been shown to result in impaired atrial and/or atrioventricadigr conduction, manifesting as
bradyarrhythmia, heart block, and sudden cardiac death in rats (Mungrye@03).

Diabetic Hyperglycemia Activates Ca?*-Calmodulin-dependent Protein Kinase Il (CaMKIl) and
Arrhythmiavia O-linked Glycosylation

Ca*-Calmodulin-dependent protein kinase Il (CaMKIl) is a regulatory riodbe heart and brain,
and its chronic activation could be a pathological process. CaMKII activationirsdegart failure could
directly induce pathological changes in ion channelg} Gandling, and gene transcription (Anderson et al.
2011). O-Linked -N-acetylglucosamine (O-GIcNAc) is an intracellular dgb@te that dynamically
converts serine and threonine amino acids through their hygldymups on nuclear and cytoplasmic proteins.
O-GIcNAc modifies a myriad of nucleocytoplasmic proteins and is involvedairsdription, ubiquitination,
cell cycle, and response to stress (Butkinaree et al., 2009).

Acute hyperglycemia triggers covalent modification of CaMKII by O-linkédcetylglucosamine
(O-GIcNAc). O-GIcNAc modification of CaMKIl activates CaMKIl autonomously, creatingnolecular
memory even after Galevel has decreased. CaMKIl-modified O-GIcNAc is elevated in the heartraimd b
of diabetic humans and mice. In cardiomyocytes, elevated glucose significentigses CaMKIl-dependent
activation of spontaneous sarcoplasmic reticulum (SR)* @aents that might contribute to cardiac
mechanical dysfunction and arrhythmias. This effect is preventedasynphological inhibition of O-GIcNAc
signaling or CaMKII$ genetic ablation. In an intact and adequately perfused heart, arrhythmia is enhanced by
increased glucose via the O-GIcNAc- and CaMKIl-dependent pathways. ktidiabimals, acute blockade
of O-GIcNAc inhibits arrhythmogenesis. Thus, the O-GIcNAc modification al¥IKll is a novel signaling
event in a pathway that might critically contribute to cardiac and neurologiogtatsiology in diabetes and
other diseases (Erickson et al., 2013).
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Conclusion

Acute hyperglycemia or stress hyperglycemia is one of responseni&uis to acute illness, injury,
or trauma of the body, through neurohormonal processes that aftateddoy the central nervous system.
Cardiovascular diseases such as acute myocardial infarction and acute hearaifailsome of the clinical
forms that might induce stress hyperglycemia. On the other hgpdrdlycemia plays an important role in
cardiovascular disease through various mechanisms such as endotheliattiysfincreased formation of
intracellular free radicals (reactive oxygen species), loss of collagen elasticifiesibdity, reduced NO
production resulting in smooth muscle contraction, and accelerated athesisclero

Arrhythmia is an important manifestation of cardiovascular diseasecthdtl be independent
(primary) or a complication of the underlying disease (secondaryhythmia presentation ranges from
benign general palpitations to severe symptoms such as low cardiac outputgesauttardiogenic shock,
heart failure, and death. Arrhythmias are known to have a correlation hyjtarglycemia incidence,
especially stress hyperglycemia. There are several mechanisms underlyigthnaia occurrence in
hyperglycemic conditions. The most important mechanism is throedoced NO bioavailability and
activation of Ca2+-Calmodulin-dependent Protein Kinase 1l (CaMKIl) and thimtigs through O-linked
Glycosylation. Several studies have revealed the occurrence of arrhythmic @vehyperglycemic
conditions, especially acute hyperglycemia or hyperglycemia at the tipegieht admission to the hospital,
and revealed a correlation between them. Several studies reported arrhythmigenoecun acute
hyperglycemia, mainly acute hyperglycemia and hyperglycemia dhosgital admission, and revealed the
correlation between these two variables. Most studies reported that the mecHaaridmitbmia occurrences
in hyperglycemiais associated with preexisting heart conditiamgatients. There are still no studies that
reported arrhythmia occurrence that is primarily due to hyperglycemimtim diabetic and non-diabetic
patients. Thus, there is still room for further studies to reveal the corretetioveen arrhythmias and diabetes
mellitus, and larger, multicenter randomized controlled trials are needed to fermmtak structured
management of arrhythmias that occur in acute hyperglycemia.
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