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1. ABBREVIATIONS 

 

TRMEA   TANGO2 - related metabolic encephalopathy and arrhythmias 

TANGO2 – RMEA   TANGO2 - related metabolic encephalopathy and arrhythmias 

MC    Metabolic crisis 

TdP    Torsade de pointes 

VT    Ventricular tachycardia 

mVT    Monomorphic ventricular tachycardia  

VF    Ventricular fibrillation 

ECG    Electrocardiogram 

ICD    Implantable cardioverter defibrillator 

ILR    Implantable loop recorder 

CPK    Creatine phosphokinase 

CK    Creatine kinase 

LQTS    Long QT Syndrome 

QTc    Corrected QT 

BrP    Brugada pattern 

BrS    Brugada Syndrome 

SR    Sinus rhythm 

AV block   Auriculoventricular block 

PSVT   Paroxysmal supraventricular tachycardia  

SA block   Sinoatrial block 

LVEF   Left ventricle ejection fraction 

SCD   Sudden cardiac death 

SD   Sudden death 

MRI   Magnetic resonance imaging 

EEC   Electroencephalogram 

AR   Autosomal recessive 

COQ   Coenzyme Q 

HSJD   Hospital Sant Joan de Déu  
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2. ABSTRACT 

 

BACKGROUND. TANGO2-related metabolic encephalopathy and malignant arrhythmias is a newly 

acknowledged autosomal recessive genetic disease caused by pathogenic variants in the TANGO2 gene. Clinical 

characteristics include recurrent acute metabolic crises related to rhabdomyolysis, prolongation of QT interval in the 

electrocardiogram and less frequently, a characteristic electrocardiographic pattern of Brugada Syndrome. These 

alterations lead to torsade de pointes (most common arrhythmia seen in this disorder) followed by ventricular 

tachycardia, ventricular fibrillation, and even in some cases, sudden cardiac death. Arrhythmias are the most usual 

cause of death in this patients and ventricular dysfunction is also described. Due to the extreme rarity of the disease, 

there are no standardized treatment protocols or guidelines. It is known that patients during non-acute periods tend 

to be without any cardiac arrythmia, but here is when it comes the importance of the rhythm monitoring by the remote 

cardiac monitor system with an implantable loop recorder. With this tool, apart from the education of familiars about 

the syndrome and genetic counselling, we try to detect earlier the arrythmias to treat our patients as soon as possible 

and thus prevent episodes of malignant arrhythmias and even sudden cardiac death. 

HYPOTHESY AND OBJECTIVES. In this cross-sectional study, we suggested that patients with TANGO2-related 

metabolic encephalopathy and arrhythmias diagnosed and/or managed in Hospital Sant Joan de Déu present a normal 

electrocardiogram during non-acute periods, measured by the remote cardiac monitor system. 

METHODS AND MATERIALS. It was designed a cross-sectional study with a total sample of 11 anonymized patients 

with TANGO2 - related metabolic encephalopathy and arrhythmias. The objective was to analyse demographical data, 

clinical characteristics, genetic background, and describe the electrocardiographic characteristics data during non-

acute periods recorded by implantable loop recorder from June 2019 to now.  

RESULTS AND DISCUSSION. In this first-year follow-up post-implantation of implantable loop recorder we found a 

total of seven rhythm alterations during non-acute periods presented in three of the patients with implanted monitor. 

All these patients come up with bradycardias, two with sinoatrial block, one with auriculoventricular block of 1st grade 

and another one with paroxysmal supraventricular tachycardia. Consequently, it was implanted a heart pacemaker 

device in a patient with auriculoventricular block 1st grade symptomatic and bradycardia episodes, whether in the other 

two only periodical controls were requested as there are minor rhythm alterations. 

CONCLUSIONS. Our results conclude that not all patients with TANGO2-related metabolic encephalopathy and 

arrhythmia during non-acute periods included in our study, specifically three of them, do not present any rhythm 

alteration regardless of its severity and consequences. Other conclusions reached are that long QT is the most frequent 

arrhythmia through metabolic crises and ventricular arrhythmias are the most fatal ones. 

KEYWORDS. TANGO2-related metabolic encephalopathy and arrhythmia, metabolic crises, ventricular arrhythmias, 

QT prolongation, torsade de pointes, sudden cardiac death, implantable loop recorder. 
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3. INTRODUCTION 

 

TANGO2–related metabolic encephalopathy and arrhythmias (TRMEA) is referred to as metabolic 

encephalomyopathic crises, recurrent, with rhabdomyolysis, cardiac arrhythmias, and neurodegeneration 

(MECRCN) in Mendelian Inheritance in Man (OMIM) with a locus 616830 and phenotype of 616878. Is an 

autosomal recessive rare genetic disease with variations in the transport and Golgi organization 2 

(TANGO2) gene located at 22q11.211 . It has a variety of signs and symptoms, variable expressivity between 

patients and the penetrance is considered to be of 100%. The mechanism of action of TANGO2 is currently 

unknown (1), but researchers believe the TANGO2 protein may have a function in secretory protein loading 

within the endoplasmic reticulum, resulting in complete or partial loss of protein function in TANGO2 

disease, being the basis of the disorder (2). 

 

 

 

 

 

 

The biggest risk for children and young adults with TANGO2 - related metabolic encephalopathy and 

arrhythmias (TANGO2-RMEA) is rhabdomyolysis and life-threatening cardiac arrhythmia brought on by 

episodes of acute illness called metabolic crises (MC) (3). These MC curse with hypoglycaemia, transaminitis 

and release of creatine kinase (CKs), troponin, mild hyperammonaemia and hyperlacticaemia in the blood 

triggered by prolonged fasting 2 or preceding infection or other illness (1). Stress or dehydration can also 

trigger an episode. Furthermore, in recent studies, Berat et al. (1) suggest that mitochondrial defects are 

secondary to strong extrinsic triggers in TANGO2 deficient patients and they identified new triggers of acute 

metabolic crises: anaesthesia drugs and possibly L-carnitine. A metabolic crisis may develop acutely and 

can cause deep muscle weakness, ataxia, disorientation, cognitive and speech delays and, in severe 

occasions, comatose state or lethargy.  Affected individuals can first debut with a metabolic crisis or 

sometimes present symptoms before a MC, such as developmental delays and regression, poor 

coordination, clumsiness, hypothyroidism, or seizures.   

 

1 Chromosome 22 on the q (long) arm at band position 11.21. 

2 No eating for a long period of time. 

Figure 1. Structure of Chromosome 22. The grey arrow denotes the location of TANGO2 gene (2). 
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3.1. CLINICAL CHARACTERISTICS 

Whether researchers have been stablished a characteristic syndrome with core symptoms, much about the 

disorder is not fully clear, maybe because of the lack of cases, poor clinical studies developed and the recent 

discovery of the disorder. That is the reason we do not have a complete image of associated symptoms and 

prognosis yet (4). 

3.1.1. ACUTE METABOLIC CRISES 

During the acute episodes of metabolic crises, the biggest risks are the rhabdomyolysis and the life-

threatening cardiac arrhythmias:  

Rhabdomyolysis can happen during the MC presenting symptoms as: myalgia, muscle weakness, and 

fatigue. When muscle tissue breaks down, creatinine phosphokinase (CPK) and myoglobulin are released 

into the blood arriving to > 200.000 U/l in CPK producing myoglobinuria, presented with dark-brown urine. 

Furthermore, myoglobinuria, can cause damage of the kidneys because of obstruction of the renal tubules 

where myoglobulin is filtrated, producing a decrease in the renal function or eventually a kidney failure. 

The first episode of myoglobinuria has been known to occur as early as age five months. After a metabolic 

crisis ends, typically all metabolic abnormalities normalize, although some individual continue having levels 

of CPK mildly elevated (5). 

The other risks in acute illness are the ventricular arrhythmias, changes in the electrocardiogram (ECG) and 

cardiac dysfunction. All children should have a baseline ECG and echocardiogram which should be repeated 

during crises. The most common abnormality during an acute crisis is QT prolongation 3 often > 500 mseg 

(6) (figure 2). QT prolongation predisposes affected individuals to an increased risk of life-threatening 

rhythm disturbances, specifically ventricular tachycardia (VT) or torsade de pointes (TdP). In addition to the 

QT prolongation, some affected individuals also develop Brugada pattern (BrP) type I (figure 5) in their ECG 

(1), which is a specific pattern that also make susceptible the individuals to have VT and ventricular 

fibrillation (VF). While QT prolongation appears to persist until the crisis has resolved, BrP can come and go 

and thus ECGs and telemetry should be monitored throughout the crises. These arrhythmias can lead to 

syncope, cardiac arrest, and potentially cause sudden cardiac death (SCD). 

Arrhythmias that occur during MC develop fast and can be extremely challenging to manage. They are the 

principal cause of death among children affected by TANGO2 alterations. In addition to arrhythmias, the 

heart can develop cardiomyopathy making it harder to manage arrhythmias. Therefore, it is important that 

all children with TRMEA disease have been evaluated by an electrophysiologist, who has expertise in heart 

arrhythmia and cardiomyopathy disorders. 

 

3 Prolongation of the recovery phase or repolarization of the heart muscle after each heartbeat. 
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The mechanisms for arrhythmia development are still being defined and therefore acute treatment and 

long-term management remain unclear. There is a case report published on January 2020 of Scuotto et al. 

(7) about a TANGO2 patient that developed an electrical storm where no-sustained TdP episodes observed 

on cardiac monitoring became more frequent even though the rhabdomyolysis crisis stopped, worsening 

on the ninth day of hospitalization, so no potassium, magnesium, or any other electrolyte altered levels 

which could explain either the longer QT interval or the worsening in TdP episodes frequency were found 

as in supplementary data of Scuotto et al. case report shows (8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. ECG on the seventh day of hospitalization of a case report published on January 25 of 

2020 showing sinus rhythm and prolonged QT interval (520 ms) (7). 

Figure 3. ECG on 10th day of hospitalization (the day before the cardiac arrest) of a case report published on 

January 25 of 2020, showing the presence of pauses (red arrows) after the paired premature ventricular 

contractions, but not long enough to trigger a TdP episode (7).  
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Interestingly, Viskin et al. (9) have described that paediatric TdP is not always pause-dependent, although 

this is still the major mechanism. Their article reports that TdP, which is not pause-dependent, is present 

especially in patients with severe forms of long QT Syndrome (LQTS). Looking into the case report described 

by Scuotto et al. (7), the TdP episode that triggered the VF and cardiac arrest episode was not pause-

dependent as shown in the figure 4 above, possibly reflecting a more severe form of LQTS, as described by 

Viskin et al. (9). This may be the case, since TANGO2 gene alteration syndrome–related LQTS is not a 

channelopathy form of LQTS per se, thus having a different pathophysiological basis.  

 

 

 

 

 

 

 

Figure 4. Holter tracing on the 11th day of hospitalization of a case report published on January 25 of 2020, showing a 

sustained not pause-dependent TdP episode that degenerates into VF, recorded by Holter monitoring performed from 

the day before to the onset of the cardiac arrest (7). 

 

Figure 5. BrS type I ECG pattern. Coved ST segment elevation >2mm in >1 of V1-V3 followed by a negative T wave (31). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7244629/figure/fig3/
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3.1.2. INTELLECTUAL DISABILITY 

Affected individuals will also have neurodevelopmental problems including intellectual disability that can 

range in severity from mild to severe. Researchers do not know whether intellectual disability is an inherent 

feature of the disorder itself or whether it develops because of neurological damage during repeated MC.  

In addition, muscle weakness can end in sporadic head tilting, difficulty opening the eyelids and drooling 

and difficulty swallowing. These episodes are most seen during acute crises and can come and go within 

hours. 

3.1.3. OTHER MANIFESTATIONS 

 

❖ SEIZURES. Observed outside the period of crises in more than 75% of individuals, including 

generalized myoclonic and atonic seizures. They are generally sensitive to antiepileptic medications, 

but refractory epilepsy has been reported in some cases. 

❖ MOTOR DEVELOPMENT. Some individuals have increased muscle tone in their legs that can lead to 

spasticity, hyperreflexia, clonus, and others are noted to walk on their toes. They also can present 

ataxia causing clumsiness and an unsteady gait. Dysarthria, myopathic facies, intermittent head tilt, 

and drooling can be observed in individuals during non-acute periods. 

❖ ENDOCRINOPATHY. Hypothyroidism, which has been reported in more than one third of individuals 

with TRMEA, presents with elevated TSH and low free T4, consistent with primary hypothyroidism. 

Adrenal insufficiency may also occur. 

❖ OPHTALMOLOGYCAL CONCERNS. Intermittent exotropia has been observed in affected individuals 

but is rare to diagnose with optic atrophy. 

❖ HEARING LOSS. Sensorineural hearing loss has been described in rare instances. 

❖ GASTROINTESTINAL CONCERNS. Dysphagia and episodic worsening of swallow function has been 

observed, increasing the risk of aspiration due to inability to manage secretions and liquids. Delayed 

gastric emptying with gastrointestinal dysmotility are additional concerns. Some affected individuals 

have required gastrostomy tube feedings. Acute pancreatitis in the setting of prolonged hospitalization 

has been seen exceptionally. 

3.2. PATHOGENIC VARIANTS 

All genetic alterations classified as pathogenic to date include nonsense, missense, and splice junction 

variants and small and large deletions. Of the recurrent variants, the c.460G>A (p.Gly154Arg) allele is 

enriched in the Hispanic-Latino population and the exon 3-9 deletion has been identified in individuals of 

European origin ancestry. In addition, a homozygous exons 4-6 deletion has been identified in a 

consanguineous Middle Eastern Arab family, but no homozygotes have been reported for the TANGO2-

RMEA clinical changes in control databases (10). 
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Abbreviations: E,H,R,A,CI: Encephalopathy, Hypoglycemia, Rhabdomyolysis, Arrhythmias, Cognitive Impairment; LP: Likely Pathogenic; NA: Not Available; 

P: Pathogenic. 

A study explains fibroblasts derived from a subject with the recurrent c.460G>A (p.Gly154Arg) pathogenic 

variant showed evidence of increased endoplasmic reticulum stress and a reduction in Golgi volume density 

in comparison to control. The results of this study were that the c.460G>A (p.Gly154Arg) pathogenic variant 

and the exons 3-9 heterozygous deletion in TANGO2 are recurrent pathogenic alleles present in the 

Latino/Hispanic and European populations, respectively, causing considerable morbidity in the 

homozygotes in this populations (11).  

Table 1. Pathogenic variants of TANGO2-RMEA adapted from (12) (11) (13).  

DNA Nucleotide 

Change 

Predicted 

Protein 

Change 

dbSNP gnomAD HGMD (disease) ClinVar ACMG 

classificati

on 

Publications 

c.4delT p.Cys2AlafsTe
r35 

rs869320693 NA CD161758 

E,H,R,A,CI 

P P Kremer, L. S. et al. Am J Hum 
Genet. 2016 Feb 4;98(2):358-62 

c.418C>T p.Arg140Ter rs764883927 NA CM161759 

E,H,R,A,CI 

P P Kremer, L. S. et al. Am J Hum 
Genet. 2016 Feb 4;98(2):358-62 

c.460G>A p.Gly154Arg rs752298579 32/236834 
(0,0135%) 
Heterozygosis 

CM161761 

R,H,A 

P LP Lalani, S. R. et al. Am J Hum 
Genet, 2016 Feb 4;98(2):347-57 
// Yuan, B. et al. Genet Med. 
2020 Jun 24 

c.605+1G>A -- rs372949028 11/154196 
(0,00713%) 
Heterozygosis 

CS161762 

R,H,A 

P P Lalani, S. R. et al. Am J Hum 
Genet, 2016 Feb 4;98(2):347-57 

Exons 3-9 (34kb) del --       

Exons 4-6 (9kb) del --       

 

Figure 6.  Illustration of all the identified pathogenic alterations and variants described in TANGO2 gene (32). The molecular 

variants from previously described patients in prior studies (33) (12) are in black colour, whether in red colour are the new 

ones described in Jennions et al. Study (32). Deletions are shown in green colour. Intronic pathogenic variants are not drawn 

to scale. 



The role of remote rhythm monitoring during non-acute periods in patients with TANGO2-RMEA 

 9 

3.3. EPIDEMIOLOGY 

To start, the incidence of TANGO2 disease is unknown, event thought a large amount of patients have just 

been described in a short period of time with two main pathogenic variants that suggest a founder effect 

(1). The frequency in Hispanic/Latino population is estimated  to be of 0.066% (22/33224) (14).  

Most of the reported individuals to date are of Hispanic or European ancestry. Consanguineous families 

from Turkey and of Middle Eastern origin with private pathogenic alterations (both intragenic deletions and 

sequence variants) have been described (12). 

TANGO2-RMEA is a rare disorder that was first reported in the medical literature in 2016. According to the 

TANGO2 Research Foundation, as of May 2018, fewer than 30 affected individuals have been identified 

with the disorder worldwide. Rare diseases often go undiagnosed or misdiagnosed, making it difficult to 

determine the true frequency in the general population. 

3.4. DIAGNOSIS 

The diagnosis of TANGO2 – RMEA is based upon identification of characteristic symptoms, a detailed 

patient history, a thorough clinical evaluation and a variety of specialized tests. Diagnostic criteria for this 

disorder have not yet been established. 

Most individuals are diagnosed through molecular genetic testing. Molecular genetic testing can detect a 

variation in the TANGO2 gene known to cause TANGO2-RMEA but is available only as a diagnostic service 

at specialized laboratories. 

TANGO2 pathogenic alterations can typically only be identified by molecular studies such as single gene 

analysis or whole exome analysis. The individual’s TANGO2 genes need to be sequenced and/or undergo 

deletion and duplication studies to identify the pathogenic alterations at the gene level. Talking about 

molecular genetic testing approaches, this can include a combination of gene-targeted testing (single-gene 

testing or a multigene panel) and comprehensive genomic testing (exome, mitochondrial and genomic 

sequencing) depending on the phenotype. Gene-targeted testing requires that the clinician determine 

which gene(s) are likely involved (arrhythmias and rhabdomyolysis), whereas genomic testing does not, 

because its phenotype is undesignable from many other inherited disorders with mental delay and so. 

Nowadays, once the TANGO2 pathogenic variants have been identified in an affected family member, 

prenatal testing for a pregnancy at increased risk, and preimplantation genetic diagnosis are possible. 

Other recourses are magnetic resonance imaging (MRI), which is used to check the cerebral volume loss 

within the skull, and the electroencephalogram (EEG) to detect seizures. 
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3.5. MANAGEMENT OF EVALUATIONS FOLLOWING INITIAL DIAGNOSIS 

Regarding new studies, what they say is that TANGO2 disease is a life-threatening disorder that needs 

specific cardiac management and anaesthesia protocol unrelated to a primary mitochondrial defect (1) 

(ANNEX I). To establish the extent and the treatment of the disease, look the figure 7 below: 

 

 

 

Figure 7. Recommended evaluations in patients diagnosed of TANGO2 – RMEA.  

Abbreviations: MEA= metabolic encephalopathy and arrhythmias; ECG= electrocardiogram; CPK= creatine phosphokinase; ECMO= 

extracorporeal membrane oxygenation; ICU= intensive care unit, ILR = Implantable loop recorder.  
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Abbreviations: RMEA= related metabolic encephalopathy and arrhythmias; MOI= mode of inheritance; AD= autosomal dominant; AR= 

autosomal recessive. 

3.6. DIFERENCIAL DYAGNOSIS AND ASSOCIATED DISEASES  

Some children with TANGO2-RMEA have also been diagnosed with DiGeorge Syndrome (22q11 deletion 

syndrome), as we are talking of two diseases where the affected chromosome and the gene are the same. 

If the patient has the 22q11 deletion in one allele and the TANGO2 gene in the other allele has a pathogenic 

alteration, this patient will have both diseases. In this table below, we can see the most important 

differential diagnosis that we have to keep in mind when we diagnose a TANGO2-RMEA: 

Table 2. Differential diagnosis in TANGO2 – RMEA adapted from (10).  

Disorder Gene(s) MOI Clinical features overlapping 
w/TANGO2-RMEA 

Clinical features distinguishing from 
TANGO2-RMEA 

DiGeorge Syndrome 22q11 
deletion 

AD Intellectual disability 
Hearing loss 

Renal function deficiency 
Difficulty in feeding with growing 

delay 
Gastroenterological problems 

Speech and learning disabilities 
Behavioural problems 

 
Cleft palate and cleft lip 

Hypoparathyroidism with 
neonatal hypocalcaemia 
Hypoplastic thymus with 

immune deficit 
Facial abnormalities 

Congenital heart defect such as 
Tetralogy of Fallot, pulmonary 
atresia and ventricular septal 

defect 
Respiratory problems 

Low muscular tone 

Mitochondrial disorder Many AR or 
maternal 

inheritance 

Lactic acidosis 
Myopathy 
Seizures 

We do not see ventricular 
tachycardia in the setting of acute 

metabolic crises 

Carnitine palmitoyl 
transferase II deficiency 

CPT2 AR After infection or prolonged fasting: 

- Muscle weakness during crises 
- Myoglobinuria 

- Cardiac arrhythmias 
- Seizures, coma 

 
Liver failure 

Hypoketotic hypoglycaemia 

 

Carnitine acylcarnitine 
translocase deficiency 

SLC25A20 AR Ventricular tachycardia and 
cardiomyopathy 
Rhabdomyolysis 

Hyperammonaemia 
Abnormal liver enzymes 

↑ long chain acylcarnitine’s 

 
↑ C16 & C18 (although C14:1 

can also be ↑) 
No prolongation of QT interval 

Very long-chain acyl-CoA 
dehydrogenase deficiency 

ACADVL AR Arrhythmias 
Rhabdomyolysis 

Intermittent hypoglycaemia 

 
Hypoketotic hypoglycaemia 

Hepatomegaly 

Acute recurrent 
myoglobinuria 

LPIN1 AR Muscle weakness 
Acute recurrent rhabdomyolysis 

Myoglobinuria 

We do not see seizures and cardiac 
arrhythmias 

Glycogen storage disease type 
V & other defects of 

glucose/glycogen metabolism 

PYGM AR Recurrent rhabdomyolysis 
Myoglobinuria 

 
Muscle cramps 

We do not see seizures and 
cardiac arrhythmias 
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3.7. TREATMENT 

The treatment of TANGO2-RMEA is directed toward the specific symptoms that are apparent in everyone. 

Treatment may require the coordinated efforts of a team of paediatricians’ specialists and other healthcare 

professionals whose may need to plan treatment systematically and comprehensively. Genetic counselling 

may be of benefit for affected individuals and their families. Psychosocial support for the entire family is 

essential as well (10). 

Due to the rarity of the disease, there are no treatment trials that have been tested on a large group of 

patients and there are no standardized treatment protocols or guidelines for affected individuals, so there 

is no cure for the disorder, but research is underway to better understand and treat this disease. Current 

treatment is aimed at the specific symptoms present in everyone (ANNEX I) (15). 

A metabolic crisis is a medical emergency that requires prompt treatment (10) (figure 8 and 9).  

During a MC, treatment of heart rhythm abnormalities can differ depending on the specific type of ECG 

abnormality that is present. Because nearly all children during crises have QT prolongation, it is important 

that all drugs that prolong the QT interval should be avoided (10) (figure 8). Anaesthetic procedures in 

presence of long QT and BrP remain challenging. Most anaesthetic drugs are associated with modification 

of QT duration (1). Surprisingly, 1 patient of the 12 reported cases described by Lalani et al. (11) with VT 

was successfully treated with amiodarone, which is a rather controversial treatment for this arrythmia and 

TdP associated with LQTS, since it might lengthen the QT interval. 

Regarding the treatment of non-acute presentations, individuals who have had ventricular arrhythmias 

may receive an implantable cardioverter defibrillator (ICD) (figure 10). An ICD is a therapy that carries 

significant medical and psychological complications, especially in younger individuals, and should be 

undertaken only after detailed consultation with appropriate medical personnel experienced in the 

management of heart rhythm abnormalities and a careful consideration of the risks and benefits (10)(16). 

Affected children may benefit from occupational, physical, and speech therapy. Additional medical, social, 

and vocational services including specialized learning programs may be necessary (10) (figure 11). 

Due to suspicion of mitochondrial dysfunction prior to diagnosis in several individuals, many have treated 

with coenzyme Q-10 (CoQ-10), riboflavin and levocarnitine, called “mito cocktail” (17) (mitochondrial 

disease treatment cocktail), where the effect of this supplements in preventing metabolic crises remains 

unclear nowadays.  
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3.7.1. TREATMENT OF METABOLIC CRISES 

 

 

Figure 8. Treatment of cardiac arrhythmias in metabolic crises in patients with TANGO2 – RMEA.  

Abbreviations: MEA= metabolic encephalopathy and arrhythmias; ECMO= extracorporeal membrane oxygenation; ICU= intensive 

care unit; IV =intravenous; PCV= premature ventricular contraction; TdPs = torsade de pointes; VF= ventricular fibrillation; VT= 

ventricular tachycardia; DC= direct current. 
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3.7.2. TREATMENT OF NON-ACUTE PRESENTATION 

 

3.7.3. INTELLECTUAL DISABILITY EDUCATIONAL ISSUES  

 

Figure 9. Treatment of metabolic crises in patients with TANGO2-RMEA.  

Abbreviations: MEA= metabolic encephalopathy and arrhythmias; IV= intravenous. 

 

Figure 10. Routine treatment in individuals with TANGO2-RMEA. Abbreviations: ICD= implantable cardioverter 

defibrillator. 
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3.7.4 TREATMENT OF OTHER MANIFESTATION 

❖ MOTOR DYSFUNCTION. TANGO2- RMEA patients can be affected by four types of motor 

dysfunction where treatment differs in each one (10): 

1- Gross motor dysfunction → physical therapy hardly recommended, consider the use of 

wheelchairs, walkers, adaptive strollers, and other equipment and in patients with hypertonia 

consider the treatment with Botox, baclofen, or orthopaedic procedures. 

2- Fine motor dysfunction → occupational therapy to help with writing, dressing ,feeding and 

grooming. 

3- Oral motor dysfunction → feeding therapy and occupational or speech therapist. 

4- Communication issues → consider alternative means of communication. 

 

❖ PREVENTION OF PRIMARY MATIFESTATIONS. To prevent acute MC we must avoid triggers: keep 

out patient hydrated, eat regular, frequent, and healthy and avoid ketogenic diets, have regular bowel 

movements, exercise frequently, wash hands regularly, avoid public places to prevent illness and also 

have a LINQ monitor to notate irregular heart rates. We must extreme the vigilance for signs and 

symptoms of dehydration during intercurrent illnesses and infuse intravenous glucose during episodes 

of systemic metabolic stress caused by an infection or general anaesthesia to prevent significant 

catabolism (10). 

 

❖ PREVENTION OF SECONDARY COMPLICATIONS. During an attack of rhabdomyolysis and 

myoglobinuria we must prevent renal failure by an adequate hydration and alkalinisation of the urine, 

and determinate the cardiac function with an echocardiogram prior to calculate the amount of fluid 

administration the patient can support (10). 

 

❖ SURVEILLANCE. Make regular cardiac evaluation necessary for the management of the arrhythmias, 

an annual monitoring of TSH and free T4 and neurology evaluation to manage epilepsy (10). 

 

❖ EVALUATION OF RELATIVES AT RISK. Clarify the genetic status of siblings with a molecular genetic 

testing of the TANGO2 pathogenic variants in the family in order to identify as soon as possible those 

who would take a benefit from a prompt treatment and preventive measures (10). 

Figure 11. Age-dependent management recommendations for intellectual delay in the United States in patients with 

TANGO2-RMEA. Abbreviations: IEP= individualized educational plan; US= United States. 
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3.8. GENETIC COUNSELING 

Genetic counselling consists in the process of providing individuals 

and families with information about the nature, inheritance, and 

implications of genetic disorders to help them make informed 

medical and personal decisions. The following section deals with 

genetic risk assessment and the use of family history and genetic 

testing to clarify genetic status for family members, but is not meant 

to address all personal, cultural, or ethical issues that individuals may 

face or to substitute for consultation with a genetic professional (10). 

3.8.1. INHERITANCE 

TANGO2-RMEA is inherited in an autosomal recessive (AR) manner, 

thus it is necessary to be homozygote or compound heterozygote 

with the two TANGO2 gene alleles with pathogenic alterations to 

present the phenotype of the disease as we can see in figure 12. As 

proband means first affected individual in the family of the genetic 

disease, we must consider (10): 

❖ PARENTS OF A PROBAND. The parents of an affected child are obligate heterozygotes (carriers of a 

TANGO2 pathogenic variant), which means they are asymptomatic and not at risk of developing the 

disorder. So, the proband will have a 25% of probabilities of become homozygous (if both parents are 

carriers of the same pathogenic variant) or compound heterozygous (if mother and father are carriers 

of different TANGO2 gene alterations). 

❖ SIBLINGS OF A PROBAND. At conception, each sibling of an affected individual has a 25% chance of 

being affected in a homozygous or compound heterozygous state, a 50% chance of being an 

asymptomatic carrier, and a 25% chance of being unaffected and not a carrier. 

❖ OFFSPRING OF A PROBAND. Individuals with TANGO2-RMEA are not known to reproduce. 

❖ OTHER FAMILY MEMBERS. Each sibling of the proband's parents is at a 50% risk of being a carrier of 

a TANGO2 pathogenic variant. 

❖ FAMILY PLANNING. The optimal time for determination of genetic risk, clarification of carrier status, 

and discussion of the availability of prenatal testing is before pregnancy.  

It is appropriate to offer genetic counselling including discussion of potential risks to offspring and 

reproductive options to young adults who are affected, are carriers, or are at risk of being carriers. 

DNA banking is the storage of DNA typically extracted from white blood cells for possible future use. 

Because it is likely that testing methodology and our understanding of genes, allelic variants, and diseases 

will improve in the future, consideration should be given to banking DNA of affected individuals. 

Figure 12. Inheritance of TANGO2 – RMEA disease (2). 
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PRENATAL TESTING AND PREIMPLANTATION GENETIC DIAGNOSIS 

Once the TANGO2 pathogenic variants have been identified in an affected family member, prenatal testing 

for a pregnancy at increased risk and preimplantation genetic diagnosis are possible (10). 

Differences in perspective may exist among medical professionals and within families regarding the use of 

prenatal testing, particularly if the testing is being considered for the purpose of pregnancy termination 

rather than early diagnosis. While most centres would consider decisions regarding prenatal testing to be 

the choice of the parents, discussion of these issues is appropriate. 

3.9. IMPLANTABLE LOOP RECORDER 

The implantable loop recorder (ILR) is a small subcutaneous device (44.8mm x 7.2mm x 4.0mm) which is 

implanted in a minimally invasive way, without stiches required as the incision is closed with skin adhesive 

or liquid dressing, just under the skin of the chest for cardiac monitoring (Figure 13) (18). Because the ILR 

is small, it can be implanted even in infants, but then perhaps in the abdomen. However, in children and 

adolescents we prefer in the anterior chest (19).  

Its function is monitoring the electrical activity of the heart, storing continuously information in its circular 

memory (the “loop” of the name) as ECGs.  

Abnormal activity such as arrhythmia is recorded by “freezing” a segment of the memory for later review. 

(20). Recording can be activated in two ways: The first one, when is automatically activated due to the 

detection of arrhythmic events or according to heart rate ranges previously defined and set in the ILR by 

the physician. If the heart rate drops below, or rises above the set rates, the ILR will record without the 

patient’s knowledge. The second way of storing arrhythmias is through a patient-activation whereby the 

patient triggers a symptom driven recording (SDR) by pushing a button because of symptoms like skipped 

beats, light-headedness, or dizziness. In consequence, the ILR records by capturing the electrical 

information preceding, during and after the symptoms in the format of an ECG. The physician can download 

and review the recorded events during a periodical visit using a special programmer or by remote 

monitoring (18). Because of the ILR's long battery life (3 to 4 years), the heart can be monitored for an 

Figure 13. The implantable loop recorder is a subcutaneous implanted device located in the chest of small dimensions for up to 

three years (A, B) (34). Chest radiographs o fan implanted loop recorder in PA projections (C, D) (35). In image C we can note 

the dimension differences between a modern implanted dual-chamber pacemaker and the ILR. 
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extended period. From the first version, ILR has been improved to new-generation devices that offer 

improved sensing algorithms being able to record other multiple signals in addition to the ECG (e.g. blood 

flow or pressure, EEG etc.) and better longevity (19).The auto-activation of the ILR can be compromised by 

the detection of false arrhythmias and the missed detection of true arrhythmias (21). Documented causes 

of false arrhythmias storage include: undersensing related to sudden reductions in R-wave signal amplitude 

during both normal sinus rhythm and arrhythmias and undersensing by transient loss of ECG signal related 

to device amplifier saturation, T-wave, and myopotential.  

The prevalence of misdiagnosis is unknown, and it is clearly a priority of research to solve. Like all implanted 

devices, ILRs also carry the risk of pocket infections, which account for 1-3% of patients. It could be during 

either the periprocedural phase or late during the follow-up, that resolve with device description.  

MRI scanning of ILR patients can be performed without any harm to patient or device, but artefacts that 

could be mistaken for a tachyarrhythmia are seen frequently (22). So, further clinical studies are needed to 

investigate whether modified MRI techniques are helpful to eliminate these imaging artifacts (23).  

3.9.1. WHEN AN ILR COULD BE CONSIDERED IN A PATIENT WITH TANGO2  – RMEA? 

When an individual is diagnosed of TANGO2-RMEA and we do not have still indications for an ICD, we 

should always consider the ILR as a tool for control, management, and detection of ventricular arrhythmias. 

The selection of patients who are likely to benefit from ILR implantation is essential to ensure a high 

diagnostic profit. ILRs can play an important role in the diagnosis of life-threatening arrhythmias in children 

whose syncope is otherwise unexplained (19) and in genetic diseases with cardiac arrhythmias such as 

TRMEA. Despite this tool has no therapeutic properties, its use should be considered only after every non-

invasive and invasive test has been performed and life-threatening arrhythmias have been ruled out (24). 

But either way in patients with TANGO2-RMEA, ILR will be implanted after genetic test is positive for a 

TANGO2 pathogenic alteration, without the need that a MC has occurred in that child. 

Currently, there are no guidelines for the use of ILRs in paediatric patients. However, as Rossano et al. 

suggested (25), the group of patients with TANGO2- RMEA fulfil the indications for implanting an ILR, as 

they are patients with a high risk of life-threatening arrhythmias. 

Finally, what The American College of Cardiology guidelines (26) for ambulatory ECG propose is that the 

ILR can be principally useful in monitoring patients who have infrequent symptoms, whether The European 

Society of Cardiology guidelines (27) for managing syncope recommend that the conventional investigatory 

route is preferable and that the ILR is a last alternative except in patients with structural heart disease, a 

family history of SCD, exercise-induced syncope, chest pain or palpitations, or ECG results that suggest a 

risk of arrhythmic syncope. They do not contemplate rare disorders as TRMEA as there are general 

protocols. 
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4. JUSTIFICATION OF THE PROJECT 

 

TANGO2–related metabolic encephalopathy and arrhythmia is a newly acknowledged disease first 

reported in 2016 that results from biallelic pathogenic variants in the gene TANGO2 of the chromosome 

22. According to the TANGO2 Research Foundation, as of May 2018, fewer than 30 affected individuals 

have been identified with the disorder worldwide. To date, the function of the TANGO2 protein it is not 

totally clear, with wide expression in the heart, brain, and skeletal muscle tissues. 

The clinical characteristics of this disorder are composed by developmental delay, seizures, ataxia, 

hypothyroidism and recurrent acute MC related with rhabdomyolysis, hypoglycaemia, QT prolongation, 

ventricular arrhythmias and ventricular dysfunction (28). Regarding to the cardiac arrythmias, 

TANGO2 pathogenic alteration syndrome–related cardiac arrhythmias are most common associated with 

long QT interval, which may result in TdP, the most common arrhythmia according to Meisner et al. recent 

article (14/38 patients) (28). Thus, TdP is followed of  VF, ventricular dysfunction (chronic or acute, tending 

to be acute (4/7) according to Meisner et al. (28)) and SCD (7). This cardiac arrythmias are probably caused 

by the electrolyte disbalance due to rhabdomyolysis when the patient goes into an acute crisis, but the 

mechanisms for arrhythmia development are still being defined and thus acute treatment and long-term 

management remain unclear. Although, what is clear is that the most usual cause of death of the known 

patients according to Meisner et al. is VT or SCD (8/11) (28).  In addition to the QT prolongation, some 

affected individuals also develop Brugada Syndrome (BrS) type I changes in their ECG, which is a specific 

pattern that also makes susceptible the individuals to suffer VT and VF. While QT prolongation appears to 

persist until the crisis has resolved, BrP can come and go and thus ECGs and telemetry should be monitored 

throughout the crises. Consequently, the evaluations recommended to establish the extent and treatment 

of the disease are: Baseline ECG, serial ECG’s, echocardiogram, and continuous intermittent monitoring 

with an implantable loop recorder. 

Until now, there has been reported 22 cases of TANGO2 gene pathogenic alteration syndrome, where the 

first 12 were described by Lalani et al. (11) in their series. The range of diagnosis of this patients were from 

3.5 to 7 years, and they all had the common clinic characteristics commented before (7). Particularly, 3 of 

the 12 reported cases required an ICD (25% of all patients) and, surprisingly, 1 patient with VT was 

successfully treated with amiodarone, which is a rather controversial treatment for this arrythmia and TdP 

associated with LQTS, since it might lengthen the QT interval.  

Due to the rarity of the disease, there are no treatment trials that have been tested on a large group of 

patients and there are no standardized treatment protocols or guidelines for affected individuals, so there 

is no cure for the disorder, but research is underway to better understand and treat this disease. Current 

treatment is aimed at the specific symptoms present in everyone. It is known that the patients in non-acute 

periods tend to be without any cardiac arrythmia, but here is when it comes the importance of the control 
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by the remote cardiac monitor system. With this tool, we try to have under control kids with this disease, 

checking the rhythm, corrected QT (QTc) intervals and any other arrythmia that can happen during acute 

crises or in non-acute periods and thus to record it. Therefore, we will know if our patient has a LQTS, BrS 

type I or other arrythmias out of the acute periods, fact that we wanted to dismiss when we started the 

project. With the ILR we try to detect earlier the arrythmias to treat our patients as soon as possible and 

prevent sudden death (SD) with the application of an ICD. That is why prompt diagnosis is so important, as 

prevention of new episodes is crucial. Thus, education of both parents and the general population about 

the signs and symptoms of the TANGO2 gene pathogenic alteration syndrome is critical, since early 

recognition and effective treatment of its associated life-threatening arrhythmias may play a vital role in 

the prevention of SCD in affected children. Also, genetic counselling to the family is important as the early 

diagnosis of first-degree relatives is essential to clarify the genotype state. 

The treatment for paediatric LQTS-related electrical storms often involves multiple interventions, such as 

intravenous beta-blockers, magnesium replacement, class IB antiarrhythmic agents (for instance lidocaine), 

sedation, and overdrive pacing. In addition, selective cardiac sympathectomy may be required in case of 

medical treatment failure (29). Recently there was a case report of a heart transplantation in a TANGO2-

RMEA patient affected from a dilated cardiomyopathy as a last treatment option (28). 

Awareness of this condition is important because of the repertoire of acute and preventive management 

strategies required, since this syndrome is not a channelopathy form of LQTS per se, having different 

mechanisms for arrhythmia arising (9), as well as some specific aspects for management and prevention of 

arrhythmic episodes (7). So, this study may play a crucial role in the prevention of SCD in affected children 

with TRMEA and to know more about the description of this disorder. 
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5. HYPOTHESIS AND OBJECTIVES 

5.1. HYPOTHESIS 

Based on the revised bibliography and the daily clinical experience obtained expert paediatric cardiologists, 

our main hypothesis is: 

The patients with TANGO2–related metabolic encephalopathy and arrhythmias diagnosed and/or managed 

in Hospital Sant Joan de Déu (HSJD) in Barcelona between 0 and 18 years old present a normal ECG during 

non-acute periods, measured by the remote cardiac monitor system. 

5.2. OBJECTIVES 

To confirm our hypothesis, our main objectives are the following: 

▪ To define electrographic characteristics in patients with TANGO2–related metabolic 

encephalopathy and arrhythmias during acute metabolic crises and non-acute periods. 

▪ To describe the remote cardiac monitoring tracking by an implantable loop recorder in patients 

with TANGO2– related metabolic encephalopathy and arrhythmias. 

▪ To dismiss or confirm cardiac cause in the symptomatic events in patients with TANGO2– related 

metabolic encephalopathy and arrhythmias. 

Our Secondary objectives are: 

▪ To establish the metabolic causes that trigger electrocardiographic alterations in patients with 

TANGO2– related metabolic encephalopathy and arrhythmias. 

▪ To describe electrocardiographic changes observed during the acute metabolic crises in patients 

with TANGO2– related metabolic encephalopathy and arrhythmias. 

▪ Pick up the symptomatic episodes and analyse the electrocardiographic correlation in patients 

with TANGO2– related metabolic encephalopathy and arrhythmias. 
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6. SUBJECTS AND METHODS 

6.1.  STUDY DESIGN 

A cross-sectional study observational and descriptive non-experimental also known as transversal or 

prevalence study has been designed to analyse the electrocardiographic characteristics data of TANGO2-

RMEA patients diagnosed and/or managed in HSJD in Barcelona between 0 and 18 years old during non-

acute periods recorded if possible by ILR. 

6.2.  STUDY POPULATION 

The study population was based on paediatric patients with TANGO2-RMEA followed at the Paediatric 

Arrhythmia Unit of HSJD in Barcelona. 

6.2.1. INCLUSION CRITERIA 

The main inclusion criteria for this study was to phenotypically present TANGO2-RMEA in patients under 

18 years old with a positive genetic test in some of the pathogenic alterations of TANGO2 gene described. 

6.2.2. EXCLUSION CRITERIA 

Consequently, exclusion criteria were patients with TANGO2 gene pathogenic alteration >18 years old and 

patients without a TANGO2 pathogenic alteration with encephalopathy and arrhythmias of other origin. 

6.3. SAMPLE 

A non-probabilistic consecutive sampling method was performed for our study population resulting in a 

total of 11 anonymous patients managed at the Paediatric Arrhythmia Unit of HSJD in Barcelona, whose 

suited in the inclusion criteria and were included anonymously in our study. Sample size is of 11 patients 

and it is very close to population rate due to the rarity of the disease. We have not estimated the sample 

size needed, as it is not worth it because of the small number of patients worldwide with this disorder. 

6.4. STUDY VARIABLES 

DEPENDENT VARIABLE 

Arrhythmic events during non-acute periods measured with ILR (holter monitoring) during follow-up was 

the dependent variable in this study, analysed as a categorical dichotomous variable depending on if the 

ECG monitoring was pathologic or not and what kind of arrhythmia presented. Some irregularities in the 

rhythm manifested in the ECG during non-acute periods, where the most common in patients with 

TANGO2-RMEA are: 
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▪ Sinoatrial (SA) block. Sinus node dysfunction showed as pathologic sinus bradycardia according to age 

and activity, sinus pause >2.5 seconds, or chronotropic incompetence during physical exercise. 

▪ Auriculoventricular (AV) block. 1st grade AV block is manifested as an extension of PR interval over 

200ms. 2nd grade AV block can be of two types: Mobitz I (Wenckebach) manifested as progressive 

prolongation of the PR interval culminating in a non-conducted P wave, and Mobitz II, presented as 

intermittent non-conducted P waves without progressive prolongation of the PR interval. Finally, we 

have complete AV block or 3rd grade where there is complete absence of AV conduction, existing 

auriculoventricular dissociation. In addition, state that also can happen an AV block 2:1 with fixed ratios 

of P waves, altering 1 non-conducted P wave each 2 beats. 

▪ Paroxysmal supraventricular tachycardia (PSVT). Is a type of supraventricular tachycardia, named for 

its intermittent episodes of sudden and abrupt onset and offset. 

▪ Long QT Syndrome (LQTS). Repolarization of the heart after a heartbeat is affected resulting an 

increased risk of VT, TdP and thus VF, leading in syncope or SCD. This arrhythmia is frequently seen in 

patients with TANGO2-RMEA during acute crises, but during non-acute periods tend to disappear. 

Although, as it is a new discovered disorder, some patients can present it during non-acute periods. 

▪ Brugada pattern (BrP) type I. It is an ECG pattern characterized by incomplete right bundle-branch 

block and ST-segment elevations in the anterior precordial leads. While QT prolongation appears to 

persist until the crisis has resolved, BrP can come and go and thus ECGs and telemetry should be 

monitored throughout the crises (see section 3.1.1.). 

▪ Atrial arrhythmias. Classified as sustained atrial tachycardia, atrial fibrillation, and atrial flutter.  

The presence of arrhythmic events was recorded by ILR (section 3.9), where its implantation was done in 

the electrophysiology room in all paediatric patients with TANGO2-RMEA (ANNEX V). The procedure 

consisted in: first of all administration of subcutaneous anaesthesia in the left submammary midthoracic 

region, then massage the area, and finally insertion of the device using the kit insertion of the package, 

closing the wound with surgical glue and placing porous dressing without stiches required. After that, it 

was fitted with continuous monitoring and symptom-driven activation functions. Also, it was programmed 

a tachycardia and bradycardia intervals, specifics in every patient, considering the patient age, treatments, 

and previous documented arrhythmias. Once the device placement was finished, setting up by application 

and activation of the remote monitoring system with a registration in the remote monitoring website and 

education of the family for the domiciliary-use system device was done. 

INDEPENDENT VARIABLE 

TANGO2 - related metabolic encephalopathy and arrhythmias disease is the independent variable in this 

study. 
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CO-VARIABLES 

▪ Demographic data. Here we can find: 

- Age of the patient nowadays, in years old, measured as a quantitative continuous variable. 

- Sex, female or male. It was analysed as a categorical dichotomous variable. 

- Exitus, dead or alive. It was also analysed as a categorical dichotomous variable. 

- Origin of the patient analysed as a categorical dichotomous variable. 

- Consanguinity of the parents analysed as a categorical dichotomous variable. 

- Personal background of other genetic diseases registered as categorical dichotomous variable. 

- Familiar background of other genetic diseases also registered as categorical dichotomous variable. 

- Implantation of ILR analysed as categorical dichotomous variable. 

- Age of implantation of ILR, in years old, measured as quantitative continuous variable. 

 

▪ Clinical manifestations during non-acute periods of the disease. Here we have several, all analysed as 

a categorical dichotomous variable: Seizures, intellectual disability and growing delay, myopathies, 

motor dysfunction, hypothyroidism, exotropia, sensorineural hearing loss, dysarthria, dysphagia, 

dysmorphic facial features, and others. 

 

▪ Tests performed: 

- Genetic test to the patients and to 1st grade familiars. The realization of genetic test was analysed 

as categorical dichotomous variable regarding if it is done or not, but it was also analysed the 

concrete TANGO2 pathogenic variant to study the proportions of pathogenic alterations in our 

sample. The zygosity state of the patient and of familiars with a positive genetic test was also 

analysed as a categorical dichotomous variable: homozygous or heterozygous. 

- Echocardiogram. The realization of an echocardiogram was analysed as categorical dichotomous 

variable and if the patient suffered from ventricular dysfunction also as a categorical dichotomous 

variable. 

- Basal ECG. The realization of a basal ECG using a CardioTechᵀᴹ GT400 ECG Machinewas was 

analysed as categorical dichotomous variable and the presence of abnormalities in the basal ECG 

also as a categorical dichotomous variable. 

 

▪ Metabolic crises: 

- Number of metabolic crises measured as a quantitative discontinuous variable. 

- Age during the episode/s, in years old and in months, measured as a quantitative continuous 

variable. 

- Clinical manifestations during MC. Here we have several, all analysed as a categorical dichotomous 

variable: seizures, low consciousness, syncope, sudden death, fever, dysarthria, and muscle pain. 

- CPK measurement. The pathological elevated levels of CPK and its interval were measured as a 

categorical dichotomous variable depending on if they are normal or high and its range. The 

average levels were measured as a quantitative continuous variable. 
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- Myoglobinuria. The presence of myoglobin in urine was measured as a categorical dichotomous 

variable depending on if it is + or -. 

- ECG during crises. The presence of arrhythmias in the ECG was analysed as categorical 

dichotomous variable. During MC, most important rhythm disturbances to detect are ventricular 

arrhythmias. Here we can classify the patient rather he was in sinus rhythm or not during the acute 

periods and was presenting a ventricular arrhythmia: 

 Monomorphic ventricular tachycardia (mVT), defined as an arrhythmia with constant 

electrocardiographic configuration and a stable rate within a few beats. 

 Torsade de pointes (TdP) or polymorphic ventricular tachycardia, arrhythmia that has a 

changing rate and demonstrated varying configurations. 

 Ventricular fibrillation (VF), defined as rapid and continuously varying electrocardiograms 

with irregular cycle lengths.  

When these last more than 30 seconds are described as sustained arrhythmia. 

Also, during MC, our patients can suffer other rhythm disturbances: 

 Long QT Syndrome (LQTS), a condition in which repolarization of the heart after a 

heartbeat is affected resulting an increased risk of VT, TdP and thus VF resulting in 

syncope or SCD. This arrhythmia is very commonly seen in patients with TANGO2-RMEA 

during MC (see 3.1.1. section) and during non-acute periods tend to disappear.  

 Brugada pattern (BrP) type I. Incomplete right bundle-branch block and ST-segment 

elevations in the anterior precordial leads that also make susceptible individuals to suffer 

VT and VF. 

 Auriculoventricular (AV) block 1st grade, manifested as an extension of PR interval over 

200 ms.  

▪ ILR implantation and acute complications, analysed as categorical dichotomous variables: implantation 

or not implantation, and regarding acute complications: extrusion complications, other complications, 

or none. 

 

▪ Treatment of arrhythmias during non-acute periods, analysed as a categorical dichotomous variable. 

An example is the implantation of a heart pacemaker device to treat AV block 1st grade, arrhythmia 

presented during non-acute periods. 

6.5. FOLLOW-UP 

The remote rhythm monitoring during non-acute periods with the ILR implantation checking ECGs recorded 

by the subcutaneous device in patients with TANGO2-RMEA, regular visits and emergencies admissions 

during acute MC consisted in our clinical follow-up. The monitoring follow-up was done during the 1st 

month after implantation, after 3 months and every time ILR was activated detecting arrhythmic events, 

provoked by symptoms or by the patient. Device memory is also checked in every regular visit. 
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6.6. DATA ACQUISITION 

All the documents, information and ECGs recorded by ILR used in the study were obtained from the medical 

history of paediatric patients with TANGO2-RMEA disease managed at the Arrhythmia Unit of HSJD in 

Barcelona in a totally anonymous way and numerically codified. Clinical Histories (CH) of all these patients 

were carefully revised with HCIS program, the program tool that HSJD doctors do a regular use of. Before 

access to the data registry we requested for CEIC’s authorization, that after being approved, we could start 

analysing the database exposed. The method to acquire the data was done by all the Arrhythmia Unit 

registering all the information needed in an excel document for the study (ANNEX VI).  

 

 

 

During this process we looked for all the information available, giving particularly importance to the rhythm 

monitoring with ILR revising the ECG of our patients with TANGO2-RMEA during non-acute crises searching 

any rhythm alteration (lecture guideline paediatric ECGs showed in ANNEX II) and it is treatment measures 

applied if so. Also, we looked for: 

✓ Demographical data such as age, sex, origin, consanguinity, personal background, familiar background 

of genetic diseases and exitus. 

✓ Clinical manifestations during non-acute periods such as seizures, intellectual disability, 

hypothyroidism, motor dysfunction and others. 

✓ Tests performed: Genetic test and its results, also giving importance to the genetic tests performed to 

1st grade familiars (ANNEX VII). Additionally, echocardiograms and basal ECGs were revised looking for 

ventricular dysfunction and electric alterations, respectively. 

✓ Implantation of ILR, date and age of insertion and acute complications during the first month post-

implantation. 

✓ Number of MC, age during the acute periods and the date, clinical manifestations, blood and urine 

analysis, ECGs during crises and treatment of them. 

 

 

 

Cross-sectional 
study design

Previously 
approved 

CEIC's 
authorization

Descriptive 
analysis from 
data registred 
annonymously

Obtantion of 
results, 

discussion and 
conclusions

Figure 14. Chronogram representation of data acquisition.  

Abbreviations: CEIC’s= Comité Étic d’Investigació Clinica of HSJD. 
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6.7. STATISTICAL ANALYSIS 

In this exclusively descriptive cross-sectional study: 

For the univariate analysis of the principal results, the presence of abnormal cardiac rhythm during non-

acute periods monitored by ILR – which is a dependent categorical dichotomous variable – in patients with 

TANGO2-RMEA were shown as a proportion with its confidence interval (IC = 95%) with the Wilson score 

method without continuity correction (see Newcombe RG (1998)) with Microsoft Excel 365 program, so 

the estimated prevalence of electrocardiographic findings during non-acute periods in the study population 

was ascertained with a confidential interval of 95%. 

To describe the co-variables (family history, sex, age, genetics, metabolic crises, and others)  we used a 

univariate analysis for each co-variable. For the quantitative continuous or discontinuous variables, those 

with normal distribution were described as mean ± standard deviation. Besides, the qualitative dependent 

categorical dichotomous variables were defined as proportions. 
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7. ETHICAL AND LEGAL ASPECTS 

 

To start with, is not more to mention that the study respects the four bioethics principles defined by 

Beauchamp and Childress in 1979 and has not any commercial interests or bias. 

This project obeys with the ethical doctrines of the Declaration of Helsinki determined by the World 

Medical Association about involving human beings in research. Besides, the correspond protocol was first 

evaluated by the Clinical Research Ethical Committee (CREE) of HSJD Foundation in Barcelona before 

starting our study (ANNEX IV). 

In first place, regarding to the Organic Law 15/1999 of December 13 on Protection of Personal Data (LOPD) 

based on Article 18 of the Spanish Constitution of 1978 that guarantees the familiar and personal right to 

honour, privacy and secrecy of communications, and protection of personal data processing, public 

liberties and human rights, data was recorded and studied anonymously and under non-identifying numeric 

codes. Thus, author did not have access to any confidential information of the patients, which was only 

applied for the aim of investigation. The Royal Decree 1720/2007 of December 21 which approves the 

Regulation implementing Organic Law 15/1999 of 13 December, on the protection of personal data was 

followed. 

Secondly, about the Law 41/2002 Of 14 November, Regulating Patient Autonomy And Rights And 

Obligations Regarding Clinical Information And Documentation was followed. That is to say that all patients 

and parents or legal tutors of minors received the appropriate complete information before voluntary sign 

an informed consent for ILR as it is an invasive procedure (ANNEX III) and, as Law 14/2007 of 3 July on 

Biomedical Research says:” the undertaking of a research that entails an invasive procedure in human 

beings shall require the previous assurance of the general and special damages that could be derived for 

the person in whom it has been carried out.” , we can ensure that we have followed this law too. 

 

Also, the consent for publication of this data was obtained from all patients/patient’s families/legal tutor. 

Going into legal aspects, as our study is with minors (below 16 years old in medical frame), only from 7 to 

16 years old patients agreement was fundamental since it is considered that they can make reasoned 

decisions, while were their parents or legal tutors whose had the responsibility of signing the document of 

informed consent in all the patients from 0 to 16 years old. 

We have also to mention the Law 2/2010 8 April of Rights and Guarantees of the Dignity of the Patient in 

the Process of death, as our patients are declared unable for metabolic alteration to make decisions, 

declaring them disables, so the responsibility falls another time to the parents or legal tutor of the patient. 

During all genetic tests processes, the law 14/2007 and The royal Decree 1716/2011 for investigation on 

biologic samples were applied. In the scenario that a patient got a positive result in the genetic test, we 

advised all the first-degree relatives about the possibility of screening procedure and doctors communicate 

the diagnosis of a genetic rare disease in the family with an extremely careful vocabulary and forms,  always 

following the legal and ethical frame. 
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8. RESULTS 

POPULATION CHARACTERISTICS 

As we first can see in the table 3 below, our results are of a total sample of 11 patients younger than 18 

years old (mean age 9.2 ± 4.8) born between 1996 and 2016 who suffer from TRMEA with any acute crisis 

or not during his life. Of the hole 11 patients, 10/11 are pair of siblings, respectively. Regarding the 

demographic data, of our sample there are a 27.3 % of males (mean age of 11.3 ± 4.1) and 72.7% of females 

(mean age of 8.4 ± 4.7). In addition to that, the 63.6% of our sample population is from Spain and the rest 

are from Bolivia (18.2%) and Morocco (18.2%) (see table 3). 

ILR was implanted in 7 of the 11 patients of the total sample size (63.6%) with a mean age nowadays of 8.4 

± 5.5, whether at the time of implantation, patients had a mean age of 7.6 ± 5.4. Cardiac rhythm was 

monitored from June 2019 to October 2020 to all patients with an ILR implanted, followed in Arrhythmias 

Unit of HSJD. Of the 4 patients without ILR monitorization (36.4%), a 50% was because have dead and the 

other 50% were recently diagnosed pending of implantation. Exitus happened in 2/11 sample patients 

(18.2%), where the cause of dead of all of them was mVT and thus SD during a MC.  

Going thought the personal background of genetic diseases of the patients, more than a half (54.5%) have 

other genetic diseases to consider. Of this 54.5% of the sample, a 33.3% suffer from Troyer Syndrome and 

other 33.3% from COQ-4 (coenzyme Q-4) gene alteration. As we can expect, each genetic disease is present 

in the sibling if it has, for instance, COQ-4 deficiency and Troyer Syndrome is presented in two pair of 

siblings respectively, as the diseases are hereditary. Less often we have a 16.7% of patients with genetic 

background presenting BrS type I and another 16.7% with pathogenic alteration of WWOX gene. 

Last thing to underline is that 9 patients of the total sample (81.8%) had suffered MC with a mean age 7.1  

± 4.9 in years and 89.5 ± 57.0 in months during crisis and the other 18.2% had never suffered one. Of these 

9 patients first crisis occurred with an average age of 6.1 ± 4.2 years and a 55.6% had more than 1 crisis 

(table 3). 
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Values are n (%) and mean ± DS. ¹ Values calculated over a total of 7 patients; ² Values calculated over a total of 4 patients; ³ Values 

calculated over a total of 2 patients; ⁴ Values calculated over a total of 6 patients; ⁵ Values calculated over a total of 9 patients. 

Abbreviations: mVT= monomorphic ventricular tachycardia; SD= sudden death; BrS= Brugada Syndrome; ILR= implantable loop recorder. 

 

Values are n (%) and mean ± DS. ¹ Values calculated over a total of 7 patients; ² Values calculated over a total of 4 patients; ³ Values 

calculated over a total of 2 patients; ⁴ Values calculated over a total of 6 patients; ⁵ Values calculated over a total of 9 patients. 

Abbreviations: mVT= monomorphic ventricular tachycardia; SD= sudden death; BrS= Brugada Syndrome; ILR= implantable loop recorder. 

 

Table 3. Summary of demographic data, ILR implantation and metabolic crises. 

DEMOGRAPHIC DATA N=patients (%) 

Sex 

 Males 
 Females 

 

3(27.3) 
8(72.3) 

Mean age (years) 

 Mean age in males (years) 
 Mean age in females (years) 

9.2  ± 4.8 

11.3 ± 4.1 

8.4 ± 4.7 

Origin 

 Spain 
 Morocco 
 Bolivia 

 

7(63.6) 
2(18.2) 
2(18.2) 

Implantation of ILR 

 Mean age of patients nowadays (years) 
 Mean age of patients in date of implantation of ILR 

(years) 

No implantation of ILR 

Reason for no implantation: 
 Exitus 
 Pending of implantation 

7(63.6)  

8.4 ± 5.5 ¹  
 

7.6 ± 5.4 ¹ 

4(36.4) 

 

2(50) ² 

2(50) ² 

Exitus 

Cause of exitus: 
 mVT and SD 
 Others 

2(18.2) 

 

2(100) ³ 

0(0) ³ 

Personal background of any other genetic diseases 

 Troyer Syndrome 
 COQ-4 deficiency 
 BrS type I 
 WWOX gene alteration 

6(54.5) 

2(33.3) ⁴ 

2(33.3) ⁴ 

1(16.7) ⁴ 

1(16.7) ⁴ 

Patients without acute metabolic crises 

Patients with acute metabolic crises 

 1 crisis 
 > 1 crisis 

Mean age during crisis (years) 

Mean age during crisis (months) 

Mean age during first crisis (years) 

2(18.2) 

9(81.8) 

4(44.4) ⁵ 

5(55.6) ⁵ 

7.1 ± 4.9 

89.5 ± 57.0 

6.1  ± 4.2 
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CLINICAL MANIFESTATIONS DURING NON-ACUTE PERIODS 

During non-acute periods, of our total sample of patients with TRMEA disease, an 81.8%  manifested 

intellectual disability and growing delay, and 63.6% dysmorphic facial features. Also, commonly, seizures 

were shown in 54.5% and 45.5% suffer from hypothyroidism (see graphic 6). Regarding to motor 

dysfunction, 6 patients (54.5%) presented myopathies, where a 16.7% of this 6 patients suffered from 

myopathy of metabolic origin, another 16.7% from motor axonal neuronal myopathy, a 16.7% distal axonal 

neuronal myopathy whether the rest manifested other types of myopathies. 

However, other motor dysfunctions as hemiplegia or hemiparesis were present in 63.6% of the patients 

and 36.4% spastic paraparesis. Also, a 36.4% of the sample presented dysarthria, and in minor extent, a 

27.3% of patients presented dysphagia and 18.2% manifested exotropia and sensorineural hearing loss as 

graphic 6 shows. 

DIAGNOSTIC TESTS PERFORMED AND THEIR RESULTS 

Over this sample population, basal ECG has been performed in 72.7% of the patients while echocardiogram 

has been done in 90.9%, but not the 100% as well as genetic tests has performed. About this last, an 81.8% 

of the patients resulted in the exons 3-9 deletion (34Kb) as the pathogenic alteration of TANGO2-RMEA 

disease, where two of them also presented a pathogenic variant in c.94C>T (p.Arg32*). The other 18.2% 

resulted in exons 2-9 deletion (see table 4 below). Interestingly, a 45.5% of the patients are heterozygous 

but present a phenotype, other 36.4% are homozygous and the rest 18.2% present an heterozygous 

compound state, which means one allele is affected of one pathogenic alteration (exons 3-9 deletion) in 

TANGO2 gene, whether the other allele is affected of another punctual pathogenic variant (c.94C>T 

(p.Arg32*)) in TANGO2 gene. 
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Graphic 6. Clinical manifestations during non-acute periods in patients with TRMEA.  

Abbreviations: ID= Intellectual disability; SN= sensorineural; DFF= dysmorphic facial features; HPS= hemiparesis; HPL= hemiplegia. 
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¹ Values calculated over a total of 8 patients; ² Values calculated over a total of 10 patients. 

Abbreviations: SR= sinus rhythm; QTc= corrected QT; ECG= electrocardiogram; LVEF= left ventricle ejection fraction.  

 

In the other hand, as table 4 shows, of the 8 patients (72.7%) that we performed a basal ECG, all of them 

where in sinus rhythm (SR), a 25% showed a long QTc and 50% showed other minor alterations as negatives 

T waves until V3 or presentation of U wave. In one of the 10 patients (10%) that we could realize an 

echocardiogram we observed ventricular dysfunction with a left ventricle ejection fraction (LVEF) < 55%, 

whether the rest were normal (90%). 

Table 4. Genetic tests performed, basal ECGs and echocardiograms with their results.  

TESTS PERFORMED N=patients (%) 

Genetic test 

Pathogenic variant: 
 Exons 3-9 del 
 Exons 2-9 del 
 c.94C>T (p.Arg32*) 

 
Zygosity: 
 Heterozygous 
 Homozygous 
 Heterozygous compound 

11(100) 

 
9(81.8) 
2(18.2) 
2(18.2) 
 
 
5(45.5) 
4(36.4) 
2(18.2) 

Basal ECG 

 SR 
 Long QTc 
 Negative T waves until V3 

8(72.7) 

8(100)¹ 
2(25)¹ 
4(50) ¹ 

Echocardiogram 

 LVEF<55% 
 LVEF>55% 

10(90.9) 

1(10) ² 

9(90) ² 

 

 

 

Remarkably, we classified the patients in familiar units having a total of 6 families with 2 patients in 

each except in one (Family 3) represented with a pedigree in figure 10. As table 5 shows, we see that 

the pathogenic variants correspond the same inside each family, however, it does not happen the 

same regarding the zygosity of the disease, as in Family 1, where consanguinity is present, one patient 

is heterozygous and the other one homozygous. In the rest of the families the zygosity remains the 

same in the patients studied in each family. Regarding the origin, we do not see any pattern of 

pathogenic variants heredity according to the precedence of patients. 

 

According to the genetic tests performed to all the 1st grade familiars of our sample size, we have 

performed a TANGO2 genetic test searching for pathogenic alterations in all of them except in family 

2 that results are pending for recently diagnosis. Going deeper analysing its results, in the Family 1, 

both mother and father were carriers of the disease (heterozygous) and 2 siblings presented the 

disease both being homozygous whether one sibling is carrier of the disease without presenting a 

phenotype. Also, in the Family 3, 4 and 5, both mother and father were heterozygous carriers of the 



The role of remote rhythm monitoring during non-acute periods in patients with TANGO2-RMEA 

 33 

disease independently of the pathogenic alteration of the gene, while in Family 6 is the mother who is 

heterozygous for 2-9 deletion. In addition, for understanding the representation of the genotypes and 

phenotypes of the disease in each family, see pedigree in figure 10. 

 

Table 5. Summary of genetic test results of the patients and their familiar’s classified in groups of families.  

 Family 1 Family 2 Family 3 Family 4 Family 5 Family 6 

Origin Morocco Bolivia Spain Spain Spain Spain 

Parental Relationship Consanguineous Non-
consanguineous 

Non-
consanguineous 

Non-
consanguineous 

Non-
consanguineous 

Non-
consanguineous 

N. patients 2 2 1 2 2 2 

Pathogenic variant 

 Exons 3-9 del 
 Exons 2-9 del 
 c.94C>T 

(p.Arg32*) 

 

2(100) 
0(0) 
0(0) 

 

2(100) 
0(0) 
0(0) 

 

1(100) 
0(0) 
0(0) 

 

2(100) 
0(0) 
2(100) 

 

2(100) 
0(0) 
0(0) 

 

0(0) 
2(100) 
0(0) 

Zygosity 

 Heterozygous 
 Homozygous 
 Heterozygous 

compound 

 

1(50) 
1(50) 
0(0) 

 

2(100) 
0(0) 
0(0) 

 

0(0) 
1(100) 
0(0) 

 

0(0) 
0(0) 
2(100) 

 

0(0) 
2(100) 
0(0) 

 

2(100) 
0(0) 
0(0) 

Genetic test to 1st grade 
familiars performed 

Genetic test 1st grade 
familiars + heterozygous 

 Mother 
 Father 
 Siblings 

Genetic test 1st grade 
familiars + homozygous 

 Mother 
 Father 
 Siblings 

Yes 

 
 
 
 

+ 
+ 

1+ 

 

 

 
2+ 

P 

 

 

Yes 

 

 

+ 
+ 

Yes 

 

 
 

+ 
+ 

Yes 

 
 
 

 
+ 
+ 

Yes 

 
 
 

 
+ 

 

 

 

 

 

 

 

Values are n= patients (%).  

Abbreviations: P= pending for results. 
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ACUTE METABOLIC CRISES 

Of our total sample of 11 patients, as table 3 showed above, an 81.8% had suffered MC (mean age during 

crisis of 7.1 ± 4.9 in years and 89.5 ± 57.0 in months) and the other 18.2% had never suffered one. 

Moreover, of the group with MC, 55.6% had more than 1 crisis and the other 44.4% had just one crisis. In 

the graphic 7 represented below we can observe a total of 15 metabolic acute crises adding all the crises 

patients have suffered. Four of the patients (44.4%) whose suffered crises had a total of 2 each one, another 

four patients (44.4%) suffered 1 ,while the rest (11.1%) manifested 3 acute metabolic crises. 

 

 

 

 

 

 

 

 

Figure 15. Pedigree of the 6 families of our study with its nomenclature. 

0

1

2

3

4

1 2 3 4 5 6 7 8 9 10 11

ACUTE METABOLIC CRISES

n. of crisis

Graphic 7.  Number of acute metabolic crises in every patient of our sample. 
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Seizures and low consciousness are the most frequently clinical manifestations observed during acute 

periods, presented in 73.3% and 80% of the crises respectively as table 6 describes below. Other symptoms 

explained were muscle pain and SD in 13.3% each, dysarthria in a 20% and asthenia and syncope in a 6.7% 

each of acute MC. 

Focusing on the triggers of acute MC, a total of 40% of them described that were presented during infection 

contexts, 26.7% in fever situation and 6.7% in fasting and hypoglycaemia condition. Regarding the blood 

and urine analysis, CPK were tested in 80% of the crises, while creatinine in a 60% and presence of 

myoglobin in the urine in 20% of the crises. CPKs levels tested had an average of 40.758,4 U/L , and levels 

were > 5.000 U/L in a 66.7% of MC (where 4 were > 10.000 U/L, 2 > 100.000 U/L and one >5.000 U/L) and 

the rest < 5.000 U/L but pathological elevated. Creatinine was just elevated in 11.1% of the crises with 

blood analysis performed. Myoglobinuria was + in just one crisis (33.3%) of the 3 with urine analysis, where 

the other 2 (66.7%) resulted in an indeterminate result (table 6). 

Going though cardiac arrhythmias during MC, only a 46.7% of the 15 acute periods were monitored with 

an ECG. A total of 10 arrhythmias were detected during acute metabolic crises, presented in 6 (85.7%) of 

the crises monitored by ECG. In an 83.3% of the crises presented with arrhythmias, patients developed 

LQTS, whether in 50% of the crises showed also a fatal monomorphic ventricular tachycardia (mVT) 

resulting in syncope in all of them, and ending in SCD in two of the three crises with mVT (66.7%). Less 

frequently appeared in a 16.7% of the crises a BrP type I and auriculoventricular (AV) block 1st grade each 

(see table 6). 
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Table 6. Summary of clinical manifestations, triggers, analysis, and ECG during acute metabolic crises.  

METABOLIC CRISES N=crisis (%) 

Acute clinical manifestations 

 Seizures 
 Low consciousness 
 Asthenia 
 Dysarthria 
 Muscle pain 
 Syncope 
 Sudden death 

 

11(73.3) 
12(80) 
1(6.7) 
3(20) 
2(13.3) 
1(6.7) 
2(13.3) 

Triggers of metabolic crises 

 Fever 
 Fasting and hypoglycaemia 
 Infections 

 

4(26.7) 
1(6.7) 
6(40) 

Analysis of blood and urine 

 CPK analysis 
Average levels of CPK (U/L) 
CPKs elevated 10.000 – 100.000 (U/L) 
CPKs elevated >100.000 (U/L) 
CPKs elevated 5.000 - 10.000 (U/L) 
CPKs elevated <5.000 (U/L) 

 Creatinine analysis 
Creatinine elevated 

 Urine analyses  
Myoglobinuria + 
IN 

 

12(80) 
40.758,4 ± 56305.7 ¹ 
4(33.3) ¹ 
2(16.6) ¹ 
1(8.3) ¹ 
1(8.3) ¹ 

9(60) 
1(11.1) ² 

3(20) 
1(33.3) ³ 
2(66.7) ³ 

ECG performed during crises 

Arrhythmias during crises: 

 mTV 
Resulting in SD 

 LQTS 
 AV block 1st grade 
 BrP type I 

7(46.7) 

6(85.7) ⁴ 

3(50) ⁵ 
2(66.7) ⁶ 

5(83.3) ⁵ 
1(16.7) ⁵ 
1(16.7) ⁵ 

ILR FINDINGS DURING FOLLOW-UP AND ASSOCIATED MEASURES 

ILR monitor registered in 7 of the 11 patients of our sample (63.6%) from June 2019 to October 2020 

followed in HSJD with a mean age at the present time of 8.4 ± 5.5 as table 3 shows, whether at the moment 

of implantation was of 7.6 ± 5.4. According these are the principal results of the study, in this first year of 

follow-up post ILR-implantation, we found a total of 7 rhythm alterations during non-acute periods as table 

7 shows below presented in 3 of the patients with implanted ILR, a 42.9 (16 - 75) showed as proportion 

(estimated confidence interval) in %.  

Values are n=crisis(%) and mean ± DS. 

¹ Values calculated over a total of 12 crises; ² Values calculated over a total of 9 crises; ³ Values calculated over a total of 3 crises; ⁴ 

Values calculated over a total of 7 crises; ⁵ Values calculated over a total of 6 crises; ⁶ Values calculated over a total of 3 crises. 

Abbreviations: CPK= creatine phosphokinase; ECG= electrocardiogram; mTV= monomorphic ventricular tachycardia; LQTS= long QT 

Syndrome; AV= auriculoventricular; BrP= Brugada pattern; IN= indeterminate. 
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More specifically, all these 3 patients come up with bradycardias, two patients (66.6%) with sinoatrial (SA) 

block, one (33.3%) with AV block of 1st grade and another one (33.3%) with paroxysmal supraventricular 

tachycardia (PSVT).  

Consequently, in one patient (9.1%) of the monitored ones was implanted a heart pacemaker device with 

the indication of AV block 1st grade symptomatic and bradycardia episodes. 

Complications of the ILR implantation procedure during the first year were present in 18.2% of the cases 

with extrusion of the device. 

Table 7. Summary of ILR findings in rhythm monitoring, complications, and therapeutic measures applied.  

ILR RHYTHM MONITORING AND ASSOCIATED MEASURES IN 
NON-ACUTE PERIODS 

N= patients (%) 

Implantation of ILR 7(63.6) 

Complications of implantation ILR during the 1st year post- 
implantation: 

 Extrusion 
 Others (end of battery, infection, hematoma…) 

 
 
 
 
2(18.2) ¹ 
0(0) ¹ 

Rhythm alterations during non-acute periods in the 1st year 
post- implantation: 

 PSVT 
 SA block 
 AV block 1st grade 
 Bradycardia 

3(42.9) ¹ 

 
1(33.3) ² 
2(66.6) ² 
1(33.3) ² 
3(100) ² 

Implantation of a heart pacemaker device 1(9.1) 

 

 

 

 

 

 

 

 

 

 

 

¹ Values calculated over a total of 7 patients; ² Values calculated over a total of 3 patients. 

Abbreviations: ILR= implantable loop recorder; PSVT= paroxysmal supraventricular tachycardia; SA= sinoatrial; AV= 

auriculoventricular. 
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9. DISCUSSION 

In this study we describe 11 TANGO2 - related metabolic encephalopathy and arrhythmias patients younger 

than 18 years old, three males and the rest females, of a total of 6 families being 10 of our patients’ pair of 

siblings. Most of our sample population is from Spain whether the rest are from Bolivia or Morocco. During 

analyses of the results, we have not found any pattern of gender, despite we found it regarding the 

inheritance in some families as it is a genetic disease. 

REMOTE RHYTHM MONITORING. 

To start with, ILR was implanted in 7 of the 11 patients. In this first year of follow-up post ILR-implantation, 

we found a total number of 7 rhythm alterations during non-acute periods presented in 3 patients. More 

specifically, all these 3 patients come up with bradycardias, two with SA block, one with AV block of 1st 

grade and another one with PSVT. Consequently, in one patient of the monitored ones was implanted a 

heart pacemaker device with the indication of AV block 1st grade symptomatic and bradycardia episodes. 

With this results we can state that ILR device provides us valuable information to apply a prompt treatment 

to patients who need it, so it is a result with a positive implication in the clinical practice as this tool is not 

frequently associated to severe complications and has an easy follow-up. In the other hand, we could say 

only in a 14% of the patients with ILR monitoring had been applied therapeutic measures, so cost-benefit 

may be negative, but considering the gravity of the disease, we still must emphasize the recommendation 

of the use of rhythm monitoring with this device in all these patients. 

Of the 4 patients without ILR implanted, two of them were because exitus of SCD during a MC before 

monitor implantation and the other two were recently diagnosed nowadays pending of implantation. 

Complications of the ILR implantation procedure during the first year were present in two cases (18.2% of 

the patients with ILR implantation) with extrusion of the device, mild complications that studies with 

implantations of this tool also presented in 9% of sample population in K. Seidl et al. in July 2000 (20). 

GENETIC BACKGROUND. 

Regarding genetic personal background of the patients, more than a half, specifically 6 patients have other 

genetic diseases to consider. 

Troyer Syndrome, presented in both patients of Family 1, known collectively as the hereditary spastic 

paraplegias that affects mostly to neuromuscular system, presents symptoms that can overlap with 

TANGO2-RMEA such as intellectual disabilities and growth delay, motor dysfunctions or dysarthria. A 

nucleotide deletion (1110delA) in the spartin gene (SPG20; OMIM: 275900) is the origin of AR Troyer 

Syndrome. As far as we are concerned, alteration is located in chromosome 13 whether TANGO2 is in the 

22, so we cannot say they can be related, but what we can say is that patients with both syndromes present 

severe manifestations and major risk as we have observed in our patients, that have suffered 2 and 3 

metabolic crises respectively and present plenty of clinical manifestations. 
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Same happens with COQ-4 (coenzyme Q4) deficiency present in both patients of Family 6, a deletion of 

COQ-4 in chromosome 9, gene which encodes a protein implicated in the synthesis of COQ-10 (coenzyme 

Q10), causing encephalomiopathy, intellectual disabilities and dysmorphic features, manifestations that 

also overlap with TRMEA. As with Troyer Syndrome happens, we cannot say disorders are related, but we 

can believe patients present severe manifestations and more risk of fatal ventricular arrhythmias during 

acute MC as both patients in our study with this disorders have dead for a fatal mTV. Furthermore, as in 

literature is described (17), due to suspicion of mitochondrial dysfunction in TRMEA disorder, many have 

treated with COQ-10 among other substances (mitochondrial disease treatment cocktail also known as 

“mito cocktail”), where the effect of this supplements in preventing MC remains unclear nowadays, but as 

we have two patients with COQ-4 alteration and so COQ-10 deficiency, we could relate a tendency in here.  

BrS type I present in one patient beside the TANGO2 disorder, make more susceptible the individuals to 

have VT and VF leading to syncope, cardiac arrest and SCD as Lalani et al. suggested in its study (10). As this 

patient is recently diagnosed, we must keep rhythm monitoring to prevent these fatal arrhythmias. Relation 

between BrS and TRMEA has not been studied yet but in one serie mentioned in Lalani et al. (11) and in 

Berat et al. study (1) have stated one patient each with TANGO2 and BrS type I, fact that should be reviewed 

in a future. Cited from Berat et al. study (1): “In 1 patient, we found a remarkable association with Brugada 

pattern, previously described in only one patient in the literature”, being our patient the third one described 

until now in literature. Plus, 1st grade familiars and particularly sister’s patient must be checked for BrP in 

ECGs and in a genetic test. 

Pathogenic variant of WOOX gene in chromosome 16 with AR inheritance, a tumour suppressor gene 

recently associated to early-infantile epileptic encephalopathy, spinocerebellar ataxia, intractable seizures 

and developmental delay as Salleh et al. relate (30) is present in one of our sample patients. Here we are 

another time in front of symptoms that overlap with TANGO2-RMEA that can exacerbate symptoms in a 

patient who suffers from both disorders. Apart from having extremely controlled for apparition of several 

types of cancer related to the disorder, also recommend control of encephalopathy as could trigger MC 

and go into a fatal ventricular arrhythmia, so neurological, oncological, and cardiac controls must be 

required. 

To the clinical practice, as it is done until now, accentuate the message of the importance of checking 

patients from other genetic diseases that can increase the severity of manifestations of TRMEA and thus 

the risk of mortality. 

METABOLIC CRISES. 

A total number of 9 patients had suffered MC, where first crisis occurred at an average age of 6.1 ± 4.2 

years old, much higher than in Berat et al. study (1) where it was of 2.8 years (4 months-8 years). However, 

according the proportion of patients with MC, an 85% obtained in Berat et al. study (1), a very similar result 
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to what we obtained (81.8%), and the total number of metabolic crises (15 in our study and 27 in Berat et 

al.) we got similar results considering the sample size in our study is lower.  

Seizures and low consciousness are the most frequently clinical manifestations observed during acute 

periods, presented in 73.3% and 80% of the crises respectively, another time almost same proportions as 

in Berat et al. study, where they achieved an 82.3% of the patients with neurological manifestations (1). 

Focusing on the triggers, a total of 40% of them described that were presented during infection contexts, 

26.7% in fever situation and 6.7% in fasting and hypoglycaemia condition. These results differ from results 

in last article published by Berat et al. (1) where a triggering factor was found in 94% of the cases whether 

in our study it in 73%. Besides, fasting due to gastroenteritis, fever, viral infections, general anaesthesia, or 

possibly the administration of L-Carnitine were the triggers they described, same to ours except the 

anaesthesia drugs and possibly L-Carnitine, two triggers that have been discovered in this study in Sep. 

2020.   

CPKs levels were elevated in all MC with CPK tested, with an average of 40.758,4 U/L. Comparing to last 

study published of Berat et al.(1), the average levels were higher respect ours with an average of 77.113 

U/L being > 10.000 U/L in 20 episodes. Crises with higher levels were the most severe ones, as patient 10 

achieved 190.700 U/L (highest value of CPK recorded in our patients) in the episode ended in a SCD and 

patient 11 achieved 42.564 U/L in the crisis where also resulted in SCD. Here we can emphasize the relation 

between the grade of rhabdomyolysis during the MC and the risk of death for fatal ventricular arrhythmias. 

A total of 10 arrhythmias were detected in our study during acute MC, presented in 6 of the crises 

monitored by ECG. Comparing our results with the recent literature published in Berat et al. study (1), 

cardiac features during MC were observed in a total of 12/17 patients, a 30% major proportion comparing 

to our study. However, focusing on prolonged QT interval arrhythmia, the percentage of presentation in 

both studies is the same (83.3%). It is true that our sample size is smaller, but according to long QT, we 

obtained results that can have significance. In addition, VT was described in two of our patients (22%) 

leading in both cases to SD, whether in Berat et al. study in 7 patients (41%) (1) were described, but ending 

in SD in 86% of the cases. As literature relate, we want also to emphasize with our study that ventricular 

arrhythmias in TANGO2-RMEA patients are a potential cause of death and must be required a prompt 

treatment, a rhythm monitoring and close prevention of acute episodes triggers. 

In last place, BrP type I was present in one case in our study whether in last study (1) was in two patients. 

Considering that its sample is bigger, the results agree.  All patients with BrP must be also overcontrolled 

as this cardiac pattern makes more susceptible individuals to have fatal ventricular arrhythmias. 

CHRONIC MANIFESTATIONS. 

During non-acute periods, most manifested presentations were with an 81.8% intellectual disability and 

growing delay, 63.6% dysmorphic facial features, seizures in 54.5% and 45.5% suffer from hypothyroidism. 
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These results are very similar to last study of TANGO2 disease published by Berat et al. (1), where also 

neurodevelopmental delay was the most manifested presentation in an 85% of the patients, almost same 

proportion as we obtained. However, hypothyroidism was present in a 60% of sample, a higher result 

compared to ours. Some of this manifestations can be produced for other genetic syndromes patients 

suffer as commented in the paragraph above, thus, it is important to emphasize the performance of MRI 

to the patients with TANGO2-RMEA with encephalopathy manifested where in our case obtained 

pathologic results especially in patients with other neurological genetic diseases. 

GENETICS. 

Analysing genetic tests performed, an 81.8% of the patients resulted in the exons 3-9 deletion (34Kb) as 

the pathogenic alteration of TANGO2-RMEA, where two of them also presented a pathogenic variant in 

c.94C>T (p.Arg32*), while the other 18.2% resulted in exons 2-9 deletion, a bigger novel deletion that has 

never described in literature before. Interestingly, a 45.5% of the patients are heterozygous but present a 

phenotype, other 36.4% are homozygous and the resting 18.2% present an heterozygous compound state, 

which means one allele is affected of one pathogenic alteration (for instance exons 3-9 del.) in TANGO2 

gene, and the other allele is affected of another punctual pathogenic variant (for instance c.94C>T 

(p.Arg32*)) in TANGO2 gene described. Considering studies published before, apart from the most 

commonly pathogenic variants seen in Lalani et al. (10), the fact that majority of the patients present 

deletion of exons 3 to 9 is normal (for instance, in Berat et al. study (1) is present in 11/20 patients), but 

what it is not ordinary is the fact that almost a 46% of our sample population present the deletion in a 

heterozygous state with a phenotype, being TRMEA a recessive disorder.  

If we reference literature previously published (10), what is known is that TRMEA, AR genetic disorder, has 

a penetrance of a 100% in homozygous affected states and variable expressivity. What we see in our study 

realized is that heterozygous states do not have a penetrance of a 100%, as there are patients with this 

state that manifest the disorder with a lot of variation in the expressivity. This variation in expressivity is 

explained as it is a genetic disorder that affects the individual in a multisystemic way and the non-affected 

allele in heterozygous states can offset in a different way in each patient, apart from lots of genetic factors 

that can also vary expressivity not studied or discovered yet. Plus, a bigger deletion seen in two patients 

(exons 2-9 deletion) can explain a higher severity of the disorder and a more difficult way to offset the 

affected allele with the no-pathological one as we are in front of a larger deletion.  

In last revision published in Sep. 2020 (1), of the 11 patients with exons 3-9 deletion, 6 were at a 

homozygous state and 5 at a compound heterozygous states. Same happens in study of Lalani et al. (11) in 

2016 where their study of 9 families have two patients with compound heterozygote state, but none with 

no-compound heterozygous phenotypically affected. An explanation could be that in some of our genetic 

tests realized we just searched for pathogenic alteration of exons 3-9 deletion, as it is the most relevant 

one according to the extension of the deletion and thus the severity of the manifestations can produce. 

Consequently, we downplayed the punctual alterations of other pathogenic TANGO2 variants that could 
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be present in the other allele in case of heterozygous patients (actually being compound heterozygous if 

punctual variants found), and as they presented a phenotype they were directly treated and diagnosed as 

a TRMEA patients. An exception in our study are patients 6 and 7, where in this cases we searched for two 

pathogenic alterations, one carried for the father and the other one for the mother, so it resulted a 

compound heterozygous state in both patients as they inherited both parents’ gene alterations.  

Studying families one by one in our study, first we do not see any different patterns of pathogenic 

alterations heredity according to the precedence of its patients. Going deeper in the Family 1, considering 

consanguinity as an important factor, both mother and father were carriers of the disease (heterozygous) 

and two siblings apart from patient 2 presented the disease both being homozygous, whether one sibling 

is heterozygous asymptomatic. As the sibling without phenotype is the youngest one, is probable that she 

has not presented any manifestation yet being heterozygous as her sister, patient 1, that presents a 

phenotype. Except these two individuals of Family 1, the rest show a classic pattern of inheritance. 

Besides, in the Family 5 and 3, both mother and father were heterozygous carriers of the disease, being a 

classic pattern of inheritance of an AR disease as seen in literature published (Lalani 2016 (11)) as the hole 

offspring is homozygous. However, in Family 4 are also both mother and father heterozygous, but of 

different pathogenic alterations in TANGO2 gene. The offspring resulted in, two patients with a compound 

heterozygous state presenting in one allele exons 3-9 deletion in TANGO2 gene and in the other allele 

punctual variation in c.94C>T (p.Arg32*) of TANGO2 gene.  

In Family 2 both patients present a heterozygous state with phenotype of the disorder, fact that goes out 

of classic genotype-phenotype relation pattern of an AR disease. In this case, parents’ genetic tests are 

pending for results and we only can take out conclusions that probably what we obtain in these tests are 

one or both parents in a heterozygote state. If any of the parents’ genotype is affected, both children would 

be heterozygous affected of the disease for a novo pathogenic variant, fact that is very unlikely and almost 

impossible to happen as is presented in the two children, or they are children conceived through a sperm 

donor. Other explanation could be that the father is a carrier of germline pathogenic alteration of TANGO2 

gene. 

Finally, in Family 6 the mother is carrier for exons 2-9 deletion and both children present a heterozygote 

state for the pathogenic variant phenotypically affected in a severe way. In this case, we also see genotype-

phenotype relation departs from classic pattern and it does not follow the classic inheritance pattern either 

of an AR disease. It is needed to say that they also present alteration in COQ-4 gene and a bigger deletion 

in TANGO2 gene that cause more difficulties to the no-pathologic allele offset the deletion of the other 

allele, two facts that can give us some orientation of why they present TRMEA in that severe extent way 

causing in both cases SCD. 
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ECHOCARDIOGRAM AND ECG. 

Basal ECG performed in patients of our study found in a 25% of the cases a long QTc. It has seen in literature 

published before that the fact of having a patient with TANGO2-RMEA and LQTS is possible, as case report 

of Scuotto et al. (7) shows, so we have seen before both disorders can coexist. This is an important 

manifestation that can course with more risk of ventricular arrhythmias. In the other hand, in one patient 

we observed ventricular dysfunction (LVEF<55%) in the echocardiogram. As Lalani et al. said in one of its 

studies (10), this complication, specifically in a chronic form is not very usual, but it has been described in 

Meisner et al. (28) case report of a TANGO2-RMEA patient with cardiomyopathy treated with a heart 

transplantation, so results agree with literature published and also we must emphasize the need of 

specifical treatment in patients with ventricular dysfunction. 
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10.  IMPLICATION IN THE CLINICAL PRACTICE 

 

Implications in the clinical practice obtained during the analyzation of the results of this cross-sectional 

study that implicates patients with a very rare, high mortality risk and newly discovered disease are 

important to mention as research has still a long path according to TRMEA. 

✓ ILR device provides us valuable information to apply a prompt treatment to patients who present 

alterations in rhythm during remote monitoring in non-acute periods. Considering the gravity of the 

disease and arrhythmias consequences we may emphasize the recommendation of the use of rhythm 

monitoring with ILR in all TRMEA patients, as this tool is not frequently associated to severe 

complications and has an easy follow-up. 

 

✓ According to MC, point out the relation between the grade of rhabdomyolysis and presence of BrP 

with the risk of death for fatal ventricular arrhythmias, a potential cause of death in TRMEA patients 

that needs a prompt treatment, rhythm monitoring and close prevention of future episodes triggers.  

 

✓ It is important to highlight that we do not have to discard heterozygous patients from presenting 

phenotypically the disorder as no clear genotype - phenotype correlations exist, especially in young 

patients that can have not presented any manifestation yet. This differs from literature published in 

2019 by Lalani et al.(10) where affirms heterozygotes are asymptomatic with no risk of developing the 

disorder.  

 

✓ Variability in expressivity in heterozygous states (apart from homozygous states) is high as a lot of 

genetic factors, different in every individual, play a role. These factors can be: the offset regulation of 

the non-affected allele to the affected one, the extent of the deletion (bigger extents as exons 2-9 

deletion makes more difficult the offset of the alteration), consanguinity, other genetic diseases 

presented in the patient such as Troyer Syndrome, COQ-4 alteration and BrS type I, and individual 

genetic components not discovered yet. The fact that TRMEA vary so much in expressivity is to say that 

some patients will present a more severe phenotype including higher grade of rhabdomyolysis and 

arrhythmias and thus more mortality risk in patients who present factors commented above, so it is 

important to accentuate the message of checking patients from other genetic diseases.  

 

✓ We must address every family individually, as there are several covariables as other genetic diseases 

or genetic explanations not discovered yet that differ from one to another family. Thus, expressivity, 

inheritance and severity of the disorder can fluctuate a lot. As the expressivity vary in everyone and 

consequently severity and risk of death, study must be required to be personalized to individualize the 

management and treatment in every patient. 

As you can observe, lots of open questions are still needed to be answered. 
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11.  STUDY LIMITATIONS 

 

Due to the rarity and lack of studies of TANGO2-RMEA disease, about this cross-sectional descriptive and 

observational study we must mention the following limitations we found during the process: 

1. One of the principal limitations of this study was the small amount of number of patients in our 

sample size. It can be explained as it is a rare disease recently discovered with, according to 

TANGO2 Research Foundation in May 2018,  fewer than 30 affected individuals identified with the 

disorder worldwide. 

2. Moreover, due to the rarity of the disease there are no treatment trials that have been tested on 

a large group of patients and there are no standardized treatment protocols or guidelines for 

affected individuals. Thus, there is no cure for the disorder and diagnostic criteria have not been 

established yet, plus the function of TANGO2 protein it is not totally clear so there are lots of 

questions regarding the genetic area. That is to say that consequently, another limitation of our 

study was the lack of knowledge, information and articles regarding to TANGO2-RMEA disorder 

to work with. 

3. Another important limitation of our study was that not in all the sample size was implanted an ILR, 

so we could not accept or refuse the main hypothesis in these specific patients. The reason of this 

limitation was the exitus of two patients before ILR implantation and the recently diagnose of two 

others whose are pending of implantation and so we still do not have information of rhythm 

monitoring from ILR. 

4. In addition, many Clinical Histories and tests were incomplete, not performed or belonged to 

another hospital database, so lack of information was present. Genetic tests have been performed 

in all cases, whether some ECGs, blood and urine analysis and clinical manifestations data 

collection were missing or with an indeterminate result. 

5. According to the type of study, a cross-sectional is not the ideal one in research of rare diseases 

as TANGO2-RMEA. 

6. As it is a retrospective observational and descriptive study, there is a high risk of confounding 

variables interfering on it. 

7. Patients with heterozygous zygosity state in its genetic test have not been excluded as they 

presented phenotype of the disorder. That is a conflicting information as TANGO2-RMEA is an AR 

genetic disease and heterozygous genotypes should not present a phenotype, being only carriers 

of the disease.  

8. Limitations of ILR were present in two cases with extrusion of the device as an acute complication. 

Posterior re-implantation was done in both cases. 
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12.  CONCLUSIONS 

 
The main aim of our study was to analyse and describe, among others, electrocardiographic rhythm 

alterations in patients with TANGO2–RMEA during acute and non-acute periods. After a comprehensive 

analysis, we established the following conclusions stating that: 

▪ According to the sample of our study realized, electrographic alterations in patients after acute periods 

were present in a 25% with a long QTc, despite all of them presented a sinus rhythm. Another 50% of 

the sample had milder alterations without clinical relevance, so we can assume that in a low proportion 

of TRMEA patients after a MC, can still show a long QT interval in the ECG. 

▪ However, alterations in the rhythm during acute MC were much more frequently seen, as an 85.7% of 

MC suffered in our patients presented an arrhythmia during the episode, being long QTc the most 

frequently one in an 83.3%. The presence of mVT was also seen in a lower proportion of the MC with 

arrhythmias, where 66.7% of them resulted in syncope and SCD, fact that we can arise a tendency 

between the fatality of this ventricular arrhythmia in TRMEA patients. Less frequently, in a 16.7% of 

crises appeared a BrP type I and AV block of 1st grade each. We can conclude in first place that the ECG 

alteration most frequently seen in TRMEA patients is LQTS especially during MC, in second place fatal 

ventricular arrhythmias causing SCD occur during severe MC with high rhabdomyolysis, and last of all 

there are a low but significant amount of TRMEA patients with BrP type I described in two other 

studies, tendency that has to be researched in a future for a possible relation between disorders. 

▪ Remote cardiac monitoring tracking by ILR in the first-year post implantation in our study found a total 

of seven rhythm alterations during non-acute periods presented in three of the patients with 

implanted ILR, where all of them come up with bradycardias, two with SA block, one with an AV block 

of 1st grade and another one with PSVT. With these results we cannot say all patients with TRMEA 

during non-acute periods do not present any rhythm alteration. Although there were not ventricular 

arrhythmias founded with high risk of mortality, in one patient we had to implant a heart pacemaker 

device with the indication of AV block 1st grade symptomatic and bradycardia episodes. Besides, in the 

other two patients only periodicity controls were requested as there are minor rhythm alterations. 

▪ Triggers of MC described in our study are the same defined in literature published: fasting, fever and 

viral infections. 

▪ To end with, as far as we are concerned, we know that effects of rhabdomyolysis during MC produce 

renal function consequences. However, the mechanisms for arrhythmia development are still being 

defined and thus acute treatment and long-term management remain unclear. It is believed that 

development of alterations in the rhythm must be related to rhabdomyolysis as they become fast when 

MC is started and tend to disappear when MC is resolved, but a case report published on Jan. 2020 of 

Scuotto et al. described a TANGO2-RMEA patient with ventricular arrhythmias and long QT interval 

even though the rhabdomyolysis crisis stopped, so no potassium, magnesium, or any other electrolyte 

altered levels which could explain the arrhythmias were found. In this case, we must keep the 

conclusion not closed as there are a lot of uncertainties to reveal in future research. 
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14.  ANNEXES 

14.1. ANNEX I. TANGO2-RMEA visit protocol used in United States 
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14.2. ANNEX II. Systematic reading guideline of paediatric ECG  

 



The role of remote rhythm monitoring during non-acute periods in patients with TANGO2-RMEA 

 54 

 

 



The role of remote rhythm monitoring during non-acute periods in patients with TANGO2-RMEA 

 55 

 

 



The role of remote rhythm monitoring during non-acute periods in patients with TANGO2-RMEA 

 56 

 



The role of remote rhythm monitoring during non-acute periods in patients with TANGO2-RMEA 

 57 

14.3. ANNEX III. Informed consent for ILR or other interventions of HSJD 
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14.4. ANNEX IV. Clinical research ethical committee (CREC) of HSJD Foundation 

in Barcelona permission for the study 
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14.5. ANNEX V. Implantation protocol of ILR in HSJD 
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14.6. ANNEX VI. Summary database of patients with TANGO2-RMEA in HSJD 
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14.7. ANNEX VII . Example of a TANGO2  genetic test results  

 

 

 

 


