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Abstract 

Background:  The burden of pediatric cardiac arrhythmias is variable and can lead to morbidity and mortality. 

Many biomarkers are related to cardiovascular diseases. Fibroblast growth factor 23 (FGF-23) is an example for 

important biomarkers in arrhythmia. It is formed in bone and is related to mineral bone metabolism. Elevated levels of 

this factor were correlated with chronic renal disease and many cardiovascular diseases. Many studies correlated FGF-

23 with arrhythmia particularly atrial fibrillation and revealed that it may be used as a prognostic biomarker in those 

patients.  Knowledge of FGF-23 role in cardiovascular problems may be used to discover new methods in 

management of these disorders. Objective: The aim of this review is to shed light on pediatric cardiac arrhythmia and 

to study the importance of biomarkers in cardiovascular diseases particularly cardiac arrhythmia and study its 

relationship with prognosis and cardiac function.  
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 Introduction 

Cardiac arrhythmia in children occurs in about 

55.1 out of every 100,000 visits to the pediatric 

emergency department (1). The most common type is 

sinus tachycardia, followed by supraventricular 

tachycardia (SVT) (2). Arrhythmia can worsen quality 

of life and cause stroke, heart failure, or even sudden 

cardiac arrest (3).  

   FGF-23 is mainly a bone-derived phosphaturic 

hormone that decreases 1, 25-dihydroxyvitamin D, 

aids in maintaining phosphate homeostasis.  However, 

under stressful conditions, it can be produced by other 

tissues like the liver and heart (4). At first, it was 

connected to chronic kidney diseases but after that, it 

became related to other disorders including 

cardiovascular diseases (5). Its increased level was 

associated with cardiovascular conditions such as left 

ventricular enlargement, heart failure, cardiac 

dysfunction and arrhythmia (4). Many studies on 

animals found that FGF-23 can induce prolonged QT 

and ventricular arrhythmias (6). Numerous studies 

correlated high FGF-23 levels with atrial fibrillation 

(AF) (4). Knowledge of FGF-23 role in cardiovascular 

events can be used to provide new methods for 

management of these disorders (4).  

1. Cardiac Arrhythmia 

Cardiac arrhythmia is defined by any deviation 

from the normal pattern of myocardial activation. 

They can be classified according to their rate 

(tachycardia, bradycardia), mechanism (automaticity, 

re-entry, triggered) or site of origin. (3) The most 

frequently reported arrhythmia in pediatric age group 

is sinus tachycardia 50% then supraventricular 

tachycardia (SVT) 13%, bradycardia 6% and atrial 

fibrillation 4.6% (2).  

 

 Etiology 

Primary arrhythmias occur without underlying 

structural heart disease. Most of them are due to 

cardiac ion channelopathies caused by gene 

mutations (7). Secondary arrhythmia may be due 

to congenital cardiac anomalies, surgical repair, 

exposure to prolonged circulatory stress, 

electrolyte disturbance and acid-base imbalance 

(8) 

 Mechanisms of Arrhythmia 

A) Abnormal impulse formation 
A.1) Abnormal Automaticity:  Enhanced 

automaticity can speed up the discharge of action 

potentials by increasing the threshold potential, 

increasing the rate of phase 4 depolarization, and 

decreasing the maximum diastolic potential. While 

protected pacemaker (parasystole) occurs when the 

dominant pacemaker is surrounded by damaged tissues 

(infarcted or ischemic) that prevent action potentials 

from reaching the latent pacemaker (9).  

A.2) Triggered activity: It happens as a result of one 

or more previous action potentials triggering 

afterdepolarizations that prematurely stimulate cardiac 

tissues. It is subdivided into early afterdepolarizations 

(EADs) in phase 2 or 3 of AP and delayed 

afterdepolarizations (DADs) in phase 4 of AP. (10).  

B) Reentry:  

 B.1) Reentry involving an obstacle (circus-type): 

This happens when an action potential (AP) bypasses 

anatomical or functional obstacle and restimulate its 

original point (11).  

B.2) Reentry not involving an obstacle: It may be 

reflection which explains the impulse that travels 

through the same pathway in both directions in a linear 

segment of tissue. (12). While phase 2 reentry results 

from a severe regional heterogeneity of repolarization, 
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and characterized by the loss of the spike-and-dome 

arrangement of AP characters at one site while it is 

preserved at another leading to reentry in APs without 

the dome (9).  

 Classification and Prevalence of 

Arrhythmia 

Tachyarrhythmias: There are 2 main categories; 

A.1) Narrow QRS complex tachycardia 

(supraventricular tachycardia): 

   It means any fast heart rate greater than the normal 

value for age with a rapid ventricular depolarization 

represented by a QRS duration less than 120 

milliseconds (ms) and begins above or at the bundle of 

His (13). It includes the following subtypes; 

 Atrioventricular re-entry tachycardia (AVRT): 
It is the most popular SVT type in infancy. It 

resolves on its own by the end of infancy, 

however there may be late recurrences in 30% of 

children at the age of 7-8 years (14).  

 Atrioventricular nodal reentry tachycardia 

(AVNRT): It makes up only 13–24% of all 

pediatric cases. This incidence increases with 

advancing age (15) representing 4% of in 

infants,  23% in the 1–5y age range, 34% in the 6–

10y age range, and 20% in people beyond the age 

of 10 (16).  

 Atrial flutter (AFl): Lone AFL that does not 

have a primary cardiac illness, is rare in children 

and more common in the newborn stage. After 

this time, AFL is mostly observed in children with 

congenital cardiac abnormalities, particularly 

following atrial cardiac surgery, or in cases of 

systemic illness accompanied by an immature 

heart conduction system (17).   

 Atrial fibrillation (AF): It is very rare in infants 

and children but more common in adolescents, 

children with underlying structural heart disease 

and those who have had cardiac operation (18).  

 Sinus tachycardia: It refers to a suitable rise in 

sinus rate above the normal range for age in 

response to a number of physiological, 

pathological, and/or pharmacologic triggers.  A 

sustained elevation in the heart rate at rest that is 

not consistent with the degree of trigger is known 

as inappropriate sinus tachycardia (19).  

 Ectopic/ Focal atrial tachycardia: It represents 

11%-16% of SVTs in children and brought on by 

an aberrant, nonsinus atrial focus or foci with 

increased automaticity (14).  

A.2) Wide QRS complex tachycardia: 

   It is characterised by a heart rhythm with a rate and 

QRS complex duration greater than the age-related 

measures (20). It includes; 

 Ventricular Arrhythmia: It means a 

tachycardia emerging below the bundle of His 

(21). and subdivided into: 

 Premature ventricular Contractions 

(PVCs): PVCs are thought to be commonly 

seen in children with a variable incidence 

according to the age group. About 40% of 

children had PVCs visible on ECG and/or 24-

hour ECG Holter monitoring. Isolated PVCs 

are found in 10-15% of newborns with 

anatomically normal hearts but fortunately 

are typically go away in the first three years 

of life. Conversely, 20–35% of healthy 

teenagers still have PVCs (22).  

 Ventricular tachycardia (VT): It refers to 

three or more consecutive beats (PVCs), at a 

rate more than 120 bpm or 20%–25% quicker 

than the baseline sinus rhythm. It is less 

prevalent having a pediatric occurance rate of 

1/100000 (14).  

 Ventricular fibrillation (VF): VF-related 

cardiac arrest is uncommon in children, 

accounting for less than 10% of all pediatric 

out-of-hospital arrests (23).  

 Long QT syndrome (LQTS): It is characterized 

by a disturbance in cardiac repolarization that 

results in a longer QT interval and irregular T 

waves with high probability of causing 

dangerous ventricular arrhythmias particularly 

torsades de pointes and cardiac arrest. It may be 

congenital or acquired (24). Congenital LQTS 

may occur in 1 /(2000- 2,500) of people and in 

untreated instances, There is a 20% chance of 

death after one year, but nearly 53% after fifteen.  

 (14). Acquired LQTS is more common as 

frequent as 30% of intensive care units patients 

according to some studies (25).  

A) Bradyarrhythmias: There are 2 main categories; 

 Sinus bradycardia and sinus node 

dysfunction: Sinus bradycardia is a cardiac 

rhythm in which the sinus node initiates 

inadequate depolarization, resulting in a 

heartbeat of less than the normal values for 

age (26), while sick sinus syndrome results in 

a collection of aberrant rhythms due to 

pacemaker dysfunction 

and inappropriate impulse transmission (27).  

 AV conduction problems (heart block): 
First-degree heart block denotes an 

expanding PR interval without loss of 

conduction and does not result in bradycardia 

or hemodynamic disturbances (28). Second-

degree heart block means intermittent 

impairment of AV node conduction and is 

subdivided into Mobitz type I and II (29). 
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Third-degree AV block refers to a total loss 

of communication between the atria and 

ventricles, making the SA node unable to 

regulate heart rhythm and potentially 

lowering cardiac output (30).  

2. Fibroblast Growth Factor 23 

 Origin 

FGF23 is with FGF19 and FGF21 in the endocrine 

subgroup of fibroblast growth factors (FGFs) 

superfamily (31). The primary producers of FGF23 are 

osteoblasts and osteocytes. Low quantities of FGF-23 

messenger RNA (mRNA) have been found in the 

heart, testis, thymus, and spleen, in addition to the 

synthesis of FGF-23 in response to liver, heart and 

kidney damage (32).  

 Structure and Cleavage 

   FGF-23 is a 32-kDa glycoprotein containing a 

proteolytic site. It is encoded by a 9386 nucleotide 

gene with three exons and two introns located on 

chromosome 12p13 (32). This glycoprotein is formed 

of 251 amino acids. The first 24 amino acids of this 

glycoprotein are the signal sequence, followed by 155 

amino acids that make up the core FGF homology 

area, and the final 72 amino acids make up the C-

terminal which is crucial for binding to Klotho while 

the FGFR binding area is located at the N-terminus 

(33).  

   The intact FGF-23 (iFGF-23) can be broken 

intracellularly at locations 176 and 179 before being 

released, preventing the physiologically active 

substance from reaching the bloodstream (34).  This 

occurs at the Golgi-apparatus by subtilisin-like 

proprotein convertases (SPCs) (furin) (35). This 

cleavage produces inactive specific carboxy-terminal 

(C-terminal) and amino-terminal (N-terminal) 

fragments (32). The half-life of the biologically active 

iFGF23 is (~45–60) min in humans (34).  

 Physiological Basis 

   The FGFR family consists of 4 members (FGFRs 1-

4) which are individually encoded but highly similar 

(36). FGF-23 binds to FGFR1 in the kidneys with the 

help of the cofactor protein Klotho. However in the 

heart, FGF-23 binds to FGFR4 without Klotho's 

assistance.  

 (4). Interestingly, α Klotho can increase the binding 

affinity of FGF-23 to FGF receptor-1c (FGFR1c) by a 

factor of about 20. This FGFR1c is likely the most 

significant FGFR among the four FGFRs at least 

under physiological circumstances (37).  

 Functions of FGF-23 

 FGF23 actions in the kidney: FGF-23's 

primary function in the kidney is to down-

regulate phosphate reabsorption and 1,25-

dihydroxy vitamin D (1,25(OH)2D) synthesis 

in proximal renal tubules (37), in addition to 

stimulation of calcium and sodium uptake in 

distal renal tubules (38). Also, it can suppress 

angiotensin converting enzyme 2 

transcription in the kidney (39).  

 FGF23 actions in bone: The physiologically 

significant effects of FGF-23 in bone are 

related to downregulation of bone 

mineralization and Erythropoiesis (37).  

 FGF23 actions in parathyroid glands: 

Many studies supposed that FGF-23 may 

have a significant physiological role in 

maintaining appropriate PTH signaling 

response in the kidney and bone (37).  

 Regulation of FGF23 

   FGF23 is complexly regulated physiologically 

during the stages of gene expression, splitting, post-

translational adjustments, and cellular discharge.  

Additionally, Changes in α-Klotho quantity, inhibiting 

competition by FGF23-fragments, and changes in FGF 

receptor expression all affect the dynamic sensitivity 

of the receptor, which in turn affects the distant 

biological effect. The mechanism that controls FGF-23 

metabolism involves a complex interaction involving 

local regulators, the hormonal system, minerals, and 

calciprotein particles that act in an autocrine or 

paracrine manner (35).  

 Significance of FGF-23 in Cardiovascular 

system 

   At first there was a correlation between elevated 

plasma concentration of FGF-23 and cardiovascular 

complications of chronic kidney disease (CKD) in 

both dialysis and non-dialysis cases (40), (41). After 

that, FGF-23 moved beyond the nephrology to 

cardiology community because this correlation was 

also visible in patients with cardiac diseases without 

underlying renal impairment (42). Then it shifted from 

association to causality of cardiovascular diseases, 

specifically cardiomyopathy. The prognostic impact of 

FGF-23 on cardiovascular mortality has been 

explained by a number of theories, including the 

involvement of elevated FGF-23 in inflammation, 

stimulation of the renin-angiotensin system, 

endothelial dysfunction, vascular calcification, and 

left-ventricular hypertrophy (39).  

 FGF-23 and left ventricular hypertrophy 

(LVH): FGF-23 has a cellular hypertrophic 

impact by increasing pro-hypertrophic genes, 

and it can cause cardiac fibrosis through the 

activation of β-catenin (4).  

 FGF-23 and heart Failure (HF): Serum not 

intracardiac FGF-23 levels in HF patients 

were significantly greater than in healthy 

subjects (43). FGF-23 affects how calcium is 

handled by raising the phosphorylation of 

calmodulin kinase II (CaMKII) causing 

cardiomyocytes to exhibit contractile 

dysfunction (4).  
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 FGF-23 and cardiac fibrosis: FGF-23 can 

induce myocardial fibrosis via promoting β-

catenin, a profibrotic factor that interacts with 

transforming growth factor-β1 (TGF-β1) 

signaling to induce fibroblasts chemotaxis 

and increase the production of fibronectin, 

collagen, and proteoglycans which mainly 

form the extracellular matrix (ECM) (4).   

 FGF-23 and Arrhythmia 

 Mechanisms:  

   FGF-23 in calcium handling: FGF-23 has acute 

arrhythmogenic effect on ventricular cardiomyocytes 

and chronic effect on atrial cells in addition to its 

effect on mice ventricular muscle strips. These 

findings revealed that FGF-23 can induce cellular 

arrhythmia and regulate the contraction and relaxation 

(4).  

  Fibrosis: Increased levels of FGF-23 contribute to 

both myocardial fibrosis and hypertrophy. Therefore, 

increased cardiomyocyte density, the development of 

fibrotic bands, and the disarray of muscle fibers make 

the myocardium more electrically unstable and make 

arrhythmias more likely to occur (44).  

 Types of Arrhythmia related to FGF-23 
1) QT Prolongation: Recently, studies found 

that increased FGF23/FGFR4 signaling 

during CKD causes heart restructuring and 

lengthens QT (6). 

2) Ventricular Arrhythmias: FGF-23 

injections resulted in ventricular arrhythmias 

such as PVCs or as transient bouts of 

ventricular tachycardia (45). 

3) Atrial fibrillation (AF): elevated levels of 

FGF-23 in plasma have been linked to AF in 

the overwhelming majority of clinical studies. 

(45), (46), (4).  

 FGF-23 and prognosis: In a study on patients 

with acute heart failure episode, FGF-23 rose 

from admission to discharge, and patients with 

higher discharge FGF-23 had worse prognosis 

(47).  
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