
Abstract

Timothy Syndrome is a rare autosomal dominant 
multisystem genetic condition. The CACNA1C gene, 
codifier of the CaV1.2 calcium channel, is affected, 
resulting in the loss of voltage-dependent calcium 
channel inactivation. Relevant clinical characteristics: 
(1) corrected QT interval greater than 480ms; (2) 
syndactyly. Death often occurs during childhood, and 
results from ventricular tachyarrhythmias. This study 
presents the case of a female newborn who suffered 
a cardiorespiratory arrest, secondary to ventricular 
arrhythmia. A prolonged QT interval, combined with 
2:1 AV block, was also identified, requiring a definitive 
cardiac pacemaker implant that, during inpatient care, 
developed pulmonary sepsis, followed by death.

Introduction

Timothy Syndrome (TS) or LQTS8, is a very rare 
multisystem genetic condition (incidence: 1.5/108)1, first 
reported in 1992.2 The inheritance pattern is autosomal 
dominant,3 and it is caused by a de novo missense 
mutation in exon 8A.4 TS type 2 stems from a missense 
mutation on an alternatively spliced exon 8, with 
different phenotypical expression, which will not be 
addressed in this work. TS is easily identifiable, as the 
typical phenotype permits a very high degree of clinical 

suspicion long before the results of confirmatory genetic 
testing are available.

Characterized by high mortality, and an average age of 
death at 2.5 years, TS represents a diagnostic challenge.5 
Mortality in TS is considered multifactorial and sudden 
cardiac death is the main cause of death.6 The most 
reliable clinical evidence available on the subject is level 
4,7 i. e. case series.

The pathogenic variant of the CACNA1C (p.Gly406Arg) 
can be identified through molecular testing.8 It encodes 
the calcium channel Cav1.2, a voltage-dependent 
L-type channel, capable of increasing the cytosolic ion 
concentration and of triggering cell excitation. This fact 
justifies the sustained calcium depolarization currents 
during the plateau phase and the prolonged QT interval. 
Thus, arrhythmogenesis in TS derives from the lack of 
Cav1.2 inactivation.9

With the prolonged depolarization of the ventricular 
myocytes, early afterdepolarizations surge. Initially, 
they manifest as ventricular extrasystole and later as 
ventricular tachycardia (VT).10 Once converted into a 
functional reentry circuit, this electrical activity can 
degenerate into a polymorphic ventricular tachycardia, 
culminating in sudden death.11

Knowledge, expertise, and solid academic grounding 
on clinical manifestations of TS contribute to early 
diagnosis, as well as to the prevention of negative 
outcomes. TS patients also demand specialized care 
during anesthetic induction, due to a specifically 
increased risk of malignant arrhythmias in this group.12 
The aim of this work is to report a case of a newborn that 
presented VT, associated with the prolongation of the QT 
interval and phenotypic manifestations of TS. 
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Case Report

This study examined a female child, born at term, 
with a birth weight of 3020g, 40 weeks old, presenting 
syndactyly in hands and feet and posteriorly identified 
long QT interval (Figure 1).

At the age of 5 days, the patient presented 
cardiorespiratory arrest (CRA), secondary to VT. 
After electrical cardioversion, a prolonged QT 
interval was identified, intercalated with 2:1 AV 
block and hypoglycemic episodes. The transthoracic 
echocardiogram (TTE) revealed an ejection fraction at 
53% and a structurally normal heart. At the age of 21 days, 
a dual chamber epicardial pacemaker was implanted.

Two days after surgery, the patient developed 
respiratory discomfort. The X-ray showed a large 
chylothorax pleural effusion to the right, followed 
by thoracic drainage. The patient was sedated 
and put under mechanical ventilation support, 
propranolol (5.0mg/kg/day), furosemide (infusion at 
0.2 mg/kg/h), and antimicrobial prophylactic therapy 
with cefazolin and vancomycin. No neurological 
abnormalities were observed.

For presenting tachyarrhythmia in the pre and 
postoperative periods, the patient was admitted to 
a quaternary care hospital, where the device was 
electronically programmed in DDD mode (Figure 2). 
Beta-blocker therapy was maintained, and clinical follow-
up was provided.

At the age of 44 days, the patient presented assisted 
CRA in asystole. At this point, proper care was provided, 
and the CRA was reversed. TTE revealed mild right 
ventricular hypertrophy. During hospitalization, the 
patient developed pulmonary sepsis and died.

Discussion

The CACNA1C mutated gene is expressed in 
multiple cell types,13 and the clinical presentation may 
vary. However, special attention should be driven to 
core findings: a QTc interval of greater than 480ms and 
syndactyly, which can be cutaneous or skeletal, uni or 
bilateral, of hands or feet.14 As displayed on Figure 1, the 
first finger is spared, while only the second and third toes 
are usually affected.12

Many patients express facial dysmorphisms, such 
as flat nasal bridge, receding upper jaw, low auricular 

Figure 1 – Superior section: syndactyly of foot and hand, respectively. Inferior section: ECG shows long corrected QT (QTc-interval: 
514ms) in peripheral leads.
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implantation, and round face. Immune deficiency, 
cognitive abnormalities and autism have also been 
reported.3 The patient presented no such feature.

Since cardiac malformations (such as patent foramen 
ovale, tetralogy of Fallot, or hypertrophic cardiomyopathy) 
are frequently observed in TS patients, fetal echocardiography 
stands out as an important screening tool.11 Although any 
of these findings, during or after prenatal care, should raise 
diagnostic suspicion, especially in mosaic parents, current 
evidence does not support routine ECG testing for children 
referred for syndactyly release.15 Electrocardiographic 
screening in newborns with syndactyly can lead to early 
clinical suspicion.

Considering, on the one hand, the limitations of 
existing studies due to the aforementioned aspects and, 
on the other hand, that the best clinical decision consists 
of a triad, composed of (a) best available science (b) 
healthcare professional's clinical experience; and (c) 
the patient's values,16 we recommend decision-making 
regarding complementary exams to be individualized 
in such cases.

Neurological findings are extremely common in 
TS, summing up to 80% of the patients.17 This might 
be related to the essential role of L-type calcium 
channels on the developing brain.17 Anomalous 

phosphorylation or increased calcium cell inflow 
leads to the neurotoxicity in TS patients.18 No atypical 
neurological findings were observed.

As seen in this case, hypoglycemia is common in 
TS and is allegedly linked to the activation of LTCs on 
pancreatic B-cells. The same study suggests that some 
unsuccessful resuscitations might have been related to 
hypoglycemia.1

Therapy is frequently based on monotherapy with 
betablockers (BBs). BBs are the treatment of choice for 
LQTS patients19 and were adopted in this case. The patient 
presented a 2:1 AV block, requiring a dual chamber 
pacemaker, in order to maintain cardiac output and 
prevent variation of the QT.20 Therapeutic options include 
implantable cardiodefibrillators (ICDs),6 considered in 
symptomatic LQTS patients not to be responsible for or 
tolerable to BBs, in order to avoid sudden cardiac death. 

Although there is an increasing trend in pediatric 
ICD implantation, limited evidence on population 
characteristics, complications, and survival is available,21 
especially among newborns. As there are no specific 
guidelines concerning pediatric populations, adult 
indications are applied in a practical sense. Recent studies 
suggest that non-transvenous ICD (NT-ICD) is safe and 
effective in infants and young children.22 

Figure 2 – Electrocardiographic findings in our patient with TS. A standard 12-lead electrocardiogram shows QTc-interval of 365ms, 
after pacemaker implantation in DDD stimulation mode.
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The therapeutic decision-making process must consider 
anthropometric parameters and lead characteristics.23,24 
Thus, in small body patients, NT-ICDs are often the only 
option.22-25 It is possible to use either an abdominal device 
and subcutaneous shock coil, or a subcardiac device and 
a pleural shock coil.25

Clinical evidence shows that infectious diseases are 
the second leading cause of death in TS.11 In the present 
case report, the patient presented a reversed CRA, and 
later developed septic lung disease, culminating in death.

Conclusion

Timothy syndrome is a very rare genetic condition, even 
though it is easily identifiable, as the typical phenotype 
allows for a very high degree of clinical suspicion long 
before the results of confirmatory genetic testing are 
available. The phenotypic findings of syndactyly of hands 
and feet associated with electrocardiographic records 
of QT prolongation are frequent. Its high lethality is 
mainly related to ventricular arrhythmic events, and, in 
this scenario, the use of beta-blockers and a definitive 
pacemaker are part of the therapeutic mainstay. Early 
diagnosis can prevent negative outcomes and should be 
based on clinical suspicion. Fetal echocardiography stands 
out as an important screening tool in mosaic parents, but 
current evidence does not support routine ECG testing for 
children referred for syndactyly release. 
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