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Article
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Abstract: Background: Tachycardia-induced cardiomyopathy (TIC) is caused by prolonged tachycardia
leading to left ventricular dilatation and systolic dysfunction with heart failure. Although TIC is more common
in adult, it is rare in early infant. Methods: Clinical testing was performed as part of medical evaluation and
management. Next gene sequencing (NGS) was performed for a patient with TIC. Literature review about TIC
was conducted. Results: The case was a 5-month-old infant referred the hospital due to symptoms with heart
failure at least lasting two months. Heart rate was 200 beats per minute, left ventricular ejection fraction fell
below 14%, and electrocardiograms showed atrial flutter, suggesting TIC. After cardioversion, there was no
recurrence of atrial flutter, and cardiac function was improved at 98 days after tachycardia arrest. There were
no pathogenic variants identified according to NGS. Literature review identified 8 early infantile cases with
TIC reported. However, there were no previous reports such as our case with longer duration of TIC.
Conclusions: Improvement of cardiac function depends on the duration of TIC. TIC should be considered in
all patients with a dilated cardiomyopathy of uncertain origin and who have tachycardias such as atrial flutter.

Keywords: tachycardia-induced cardiomyopathy; atrial flutter; heart failure

1. Introduction

Tachycardia-induced cardiomyopathy (TIC) is a myocardial disorder that is caused by
prolonged tachycardia, leading to left ventricular (LV) dilatation and systolic dysfunction with
clinical symptoms and palpitation of heart failure (HF). The most common arrhythmias of TIC
were ectopic atrial tachycardia (AT) (59%), permanent junctional reciprocating tachycardia (23%),
and ventricular tachycardia (7%) [1]. There is a bias in the occurrence of TIC for each arrhythmia,
ranging from 10% in patients with AT to 50% in patients with atrial fibrillation[2-4]. In adults, atrial
fibrillation is the most important cause of TIC, as is AT and permanent junction reciprocal tachycardia
in children[1, 5].

TIC is totally or partially reversible after normalization of the heart rate (HR)[6-8]. In infants, the
ventricular rate during tachycardia is much faster than normal and the initial symptoms cannot be
verbalized, so cardiac failure symptoms often do not appear until several days after the onset of
tachycardia [9]. In addition, compared with elderly TIC patients, newborns and infants with TIC
tend to present with objective symptoms, such as dyspnea or poor body weight gain, not subjective
symptoms, resulting in the prolongation of TIC.

However, TIC due to atrial flutter (AFL) is very rare, and there have been no cases of infants
who are LGE negative but require considerable time to recover to normal cardiac function. Here, we
report the case of an infant with TIC due to AFL, negative for LGE, who took a long time to recover
to normal cardiac function and had no genetic background suggestive of cardiomyopathy. In
addition, a literature review was conducted to determine the severity and prognosis of TIC in infants.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Materials and Methods

Written and informed consent was obtained. Clinical testing was performed as part of medical
evaluation and management at Toyama University Hospital. This study protocol conforms to the
ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the Research
Ethics Committee of University of Toyama in Japan (IRB # 12017003). Written informed consent was
obtained from his parents and his brother to participate, according to institutional guidelines.

Variant Screening

After obtaining informed consent from the parents of the patients, DNA was isolated from whole
blood samples. Next-generation sequencing (NGS) of 203 cardiac disease-related genes associated
with cardiomyopathy and channelopathies was performed using the Ion PGM System (Life
Technologies, Carlsbad, CA, USA) [10]. Only variants present in genes other than the top 1% of genes
with high variability and meeting acceptable quality scores (Phred-scaled genotype quality score,
>20; read depth, 215; and Allele Fraction, >235) were included. Following quality control procedures,
a total of 303,993 variants were obtained from the dataset. These variants were utilized for
downstream analysis. Sanger sequencing was used to validate the results of NGS for all pathogenic
variant candidates that passed these selection criteria. For this purpose, the nucleotide sequences of
the amplified fragments were directly sequenced bidirectionally using the Big Dye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA), and sequence analysis was conducted
using the ABI 3130x] automated sequencer (Applied Biosystems).

Data analysis and variant classification

We conducted primary, secondary, and tertiary analysis, including optimization of signal
processing, base calling, sequence alignment, and variant analysis, using Torrent Suite and Ion
Reporter Software 5.0 (Life Technologies). The allele frequencies of all detected variants were
determined using the gnomAD (v2.1.1) database, which includes data from 1,208 Japanese
individuals, and the Japanese Multi Omics Reference Panel (jMorp) ToMMo 54KJPN. Variants with
a minor allele frequency of 0.005 or higher in the gnomAD and HGVD populations were excluded.
Variant evaluation was manually performed based on detailed information obtained from ClinVar
(https://www.ncbi.nlm.nih.gov/clinvar/) and the Human Gene Mutation Database (HGMD,
http://www.hgmd.cf.ac.uk/ac/index.php). Variants were classified according to the American
College of Medical Genetics and Genomics (ACMG) guidelines. To assess the pathogenicity of the
remaining variants, we utilized five different in silico prediction algorithms: SIFT, Align GVGD,
MutationTaster2, PolyPhen-2, and CADD. Variants predicted to be deleterious or pathogenic by at
least four of the five in silico algorithms were considered to have a high likelihood of pathogenicity.

Literature review

We searched PubMed (from inception until March 31, 2024) for publications about tachycardia-
induced cardiomyopathy and infant with search phrase (“tachycardia-induced cardiomyopathy” and “early
infant” [Title/Abstract]). Our search strategy included gene names in the title or abstract. We also
checked the bibliographies of all relevant studies and reviews identified. Clinical phenotypic data
and genotypes were extracted.

3. Results

The patient was a 5-month-old boy. He was born at 39 weeks and 3 days by normal vaginal
delivery with a birthweight of 3.144 g and an Apgar score of 8 points (1 min) and 9 points (5 min)
after an uncomplicated pregnancy. He had no previous or family history of any type of illness. He
had been losing weight for 2 months prior to admission (Figure 1). One month before hospital
admission, he developed a wet cough, which did not improve with any medicine, and wheezing was
also observed. Five days before hospital admission, the patient had poor feeding, and the local clinic
noted tachycardia with a rate of 190 beats per minute (bpm). Steroids were prescribed for wheezing,
but these symptoms were not improved. On the day of hospital admission, a chest X-ray showed an
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enlarged cardiothoracic ratio, and an echocardiography showed reduced left ventricular contraction.
The patient was urgently transferred to our hospital.

His status He was drowsy, and had a pale face, his extremities were cold. On hospital admission,
his vitals were as follows: pulse 200 beats per minute, blood pressure 50 mmHg at systole and 24
mmHg at diastole, percutaneous oxygen saturation (SpO2) 98 % at (room air), respiratory rate 40
breaths per minute, body temperature 36.3 degrees Celsius. A mild systolic murmur (Levine grade
1/6) was audible at the left sternal border. There were coarse crackles in the bilateral lung. A slightly
hard liver was palpated 2 cm below the costal ribs. There was no edema in the extremities, but
peripheral coldness was present, and capillary refilling time was more than 2 seconds. There is no
family history of cardiomyopathy.

Laboratory test appeared high concentration level of NT-proBNP (8320 pg/mL) and troponin I
(69.7 pg/mL). Other laboratory data and bloody gas data were shown as follows; Blood tests: WBC
12260 /uL (Neut% 73.0%), Hb 9.8 g/dL, PLT 453,000 /uL, AST 35 U/L, ALT 15 U/L, LD 311 U/L, CK
29 U/L, Nt-proBNP 8320 pg/mL, troponin I 69.7 pg/mL, CRP 0.17 mg/dL, TSH 2.26 mIU/L, freeT3 2.2
pg/mL, freeT4 1.4 ng/dL; H-FABP negative. Blood gas (venous blood, after intubation): pH 7.500,
pCO2 31.2 mmHg, HCO3- 24.1 mmol/L, BE 1.6 mmol/L, Lac 1.0 mmol/L.

Cardiothoracic ratio was 0.63, and lung congestion was observed on chest X-ray (Figure 2a). On
echocardiography, left ventricular wall motion was diffusely decreased (Figure 2b). The left
ventricular ejection fraction (LVEF) was 13.7%, and The left ventricular end-diastolic diameter
(LVDD) was 39.7 mm (+7.0 SD). On electrocardiogram (ECG), HR was 200 beats per minute, and
sawtooth wave was observed (Figure 2c).

The patient was determined to be in shock and immediately admitted to the intensive care unit.
He was intubated, ventilated, and started on dopamine (5 pg/kg/min), dobutamine (5 pg/kg/min),
adrenaline (0.04 pg/kg/min), and olprinone (0.3 ug/kg/min) for acute heart failure treatment.
However, the HR increased to more than 200 beats per minute, and hypotension persisted. There
were Sawtooth waves were visible in twelve-lead ECG. We ruled out hereditary cardiomyopathy or
secondary cardiomyopathy as the cause of acute heart failure. Structural heart abnormalities were
not detected. Mental and motor developmental were normal. Metabolic or neuromuscular disease
was denied. We suspected the TIC due to AFL as the most likely cause. Therefore, synchronized
electrical cardioversion was performed (1 J/kg), and normal sinus rhythm was achieved (Figure 2d).
Treatment for heart failure was continued with dopamine, dobutamine, adrenaline, and olprinone.
The LVEF remained around 20 %, and the LVDD was 40.0 mm (+7.2 SD). Dopamine was discontinued
on the 5th day, and the adrenaline was discontinued on the 11th day after admission. In the
meantime, angiotensin-converting-enzyme inhibitors and carvedilol were added. He was We
extubated on the 12th day. Tolvaptan was introduced for congestion on the 16th day. Dobutamine
was terminated on the 21st day, and olprinone was on the 29th day, respectively. The serum level of
Nt-proBNP was decreased at day 40 (8320 pg/mL at day 1 to 129 pg/mL at day 40), and AFL was not
recurred. He was discharged from the hospital on the 41st day, and the LVEF was 40 % and the LVDD
was 33.5 mm (+4.4 SD).

At 98 days after admission, the LVEF was improved at 59 %, and the LVDD was 30 mm (2.6 SD),
respectively; at 161 days, the LVEF was 62 %, and the LVDD was 31 mm (2.4 SD). Cardiac
catheterization at 10 months after admission (at the age of 15 months) showed LVEF of 75%, cardiac
index (CI) 3.8 L/min/m2, and left ventricular end-diastolic pressure 6 mmHg.

A cardiac magnetic resonance image was performed one year after admission, and delayed
contrast late gadolinium enhancement (LGE) was negative. In addition, genetic testing by NGS with
cardiovascular diseases-panel performed to differentiate primary cardiomyopathy, not showing any
known underling predisposition.

Now, he is 3 years old and stay healthy with normal mental and mortar development.

d0i:10.20944/preprints202405.0020.v1
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Figure 1. Cross-sectional growth chart showing growth retardation of the patients during TIC. Red
line shows the growth of body heigh. Blue line shows the growth of body weight. This chart is
adopted from The Japanese Society for Pediatric Endocrinology [10].
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Figure 2. (a) Chest X-ray A/P view showing cardiomegaly with a cardiothoracic ratio of 0.62 and lung
congestion. (b) Echocardiography showed that left ventricular dilation and wall motion diffusely
decreased. LVEF, 13.7%; LVDd, 39.7 mm(+7.0SD); mild mitral regurgitation. (c) Typical AF with 2:1
conduction. The arrows indicate the flutter waves. (d) Sinus rhythm after synchronized electrical
cardioversion.
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Table 1. Literature review summary with tachycardia-induced cardiomyopathy in early infant.

Author Ageof  Cause of Heart rate Duration from LV function on Medication Non- LV function on Progn
TIC tachycardia  (beats/min) the onset echocardiogram pharmacological echocardiogram after osis
therapy treatment
Van Hare GF, et  5-week-
PJRT N/A N/A LVES 5% flecainide and sotalol catheter ablation improved alive
al.[11] old
3-
Sanchez C, et digoxin and
month- PJRT 230 20 days LVES 20% catheter ablation improved alive
al.[12] amiodarone
old
Schulze OC, et 3-week-
PJRT 230 N/A LVFS 15% no catheter ablation improved alive
al.[13] old
1-
Mares JC, et
L[9] month- SVT 260 N/A LVFS 13% flecainide no improved alive
al.
old
7-week- electrical
Jon Felt, et al.[14] AFL 195 N/A LVES 17% amiodarone improved alive
old cardioversion
Gardiner M, et 24-day-
SVT 270 N/A LVEF 35% adenosine no improved alive
al.[15] old
1-
Papadopoulou LVES 19-21%, LVEF electrical
month- AFL 216 N/A no improved alive
M, et al.[16] 42-45% cardioversion
old
3-
McKenzie K, et digoxin, beta-blocker
month- SVT N/A 1 month LVEF 22% catheter ablation improved alive
al.[17] d and amiodarone
o

PJRT: permanent junctional reciprocating tachycardia, SVT: supraventricular tachycardia, AFL: atrial flutter, LVFS: left ventricular fractional shortening, LVEF: left ventricular ejection fraction.
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Literature Review

Our literature review identified 8 early infantile cases with TIC reported: 3 cases with permanent
junctional reciprocating tachycardia and supraventricular tachycardia, and 2 cases with AFL. All
cases had prominent tachycardia and reduced LV function; however, their outcomes were fairly good.
Onset of TIC was not clear except for one case.

4. Discussion

The duration of prolonged tachycardia is vital for the recovery of cardiac function in patients
with TIC. In our case, TIC may have manifested at least 2 months before admission because of body
weight loss without any other reasons. The patient has the TIC due to AFL with a structurally normal
heart and was only recognized when he was in shock. Normal sinus rhythm was achieved by once
synchronized electrical cardioversion and there was no AFL recurrence. It took 98 days from
treatments to recover for normal cardiac function.

In children with TIC, as in this case, the patient’s inability to recognize palpitations or verbalize
symptoms often delays medical attention, and heart failure often develops. Considering that the
patient had been losing weight for 2 months prior to this case, and that he was in heart failure at that
point, the arrhythmia was likely recognized prior to that time.

AFL is an uncommon arrhythmia in newborns and infants. Due to the low incidence of AFL in
this age, previous reports have been limited regarding the most efficacious therapy and expected
prognosis. Texter et al. reported that infants with AFL who presented over three months were
statistically more likely to develop congestive heart failure [18]. They also reported that 34% of
patients had AFL complicated by congestive HF, recurrence, another arrhythmia, or AFL refractory
to conversion to sinus rhythm [18]. Therefore, early recognition of the relationship of causative
arrhythmia to TIC is necessary in providing treatment that improves symptoms and LV functional
status [1].

The mechanism of cardiomyopathy development due to sustained tachycardia is unknown, but
several theories have been proposed. Possible mechanisms for cardiac dysfunction with TIC include
decreased blood flow to the myocardium [19], depletion of adenosine triphosphate (ATP) [20], and
decreased beta-adrenergic receptors [20]. Sustained tachycardia causes abnormal cellular remodeling
and decreases the number of microtubules within myocardial cells, which may contribute to
myocardial contractile dysfunction [21]. Chronic tachycardia may also cause depletion of high-
energy phosphate, which may lead to decreased intracellular sarcolemmal sodium/potassium
ATPase activity and altered enzyme distribution affecting calcium handling [22]. Thus, infants and
young children may function more rapidly because of reduced intracellular calcium stores.
Pathophysiologically, the pathogenesis of TIC is based on remodeling processes such as
neurohormonal overactivation, release of natriuretic peptides, secretion of inflammatory cytokines,
ventricular and atrial dilation without hypertrophy against a background of extracellular matrix
changes, reduced systolic and diastolic function, increased filling pressures [23, 24]. There are also
abnormalities in excitation-contraction coupling, intracellular mitochondrial apparatus, calcium
processing, and energy production due to oxidative stress [25, 26].

The evaluation of a patient with newly developed HF requires a high index of suspicion for
underlying tachyarrhythmias. Systolic ventricular dysfunction is often the first manifestation of TIC
seen on the echocardiogram, followed by prolonged dysfunction and then LV dilation [27]. The
differential diagnosis of infants who present with acute HF and have normal hearts is often difficult
because of multiple possible etiologies. They may be infectious, familial, metabolic, mitochondrial,
toxic, inflammatory, or neuromuscular, but most cases are idiopathic. Genetic and metabolic
etiologies such as storage disorders, mitochondrial disorders, and carnitine deficiency should also be
considered in infants with newly developed cardiomyopathy. The diagnostic challenge in TIC is
differentiating TIC from nonischemic dilated cardiomyopathy (DCM) [24]. DCM is defined as
“myocardial disease characterized by LV or biventricular diastolic and systolic dysfunction despite
the absence of pressure or volume overload or coronary artery disease sufficient to explain the
dysfunction[28].” Despite the fact that it can be caused by a variety of etiologies and thus can have a
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variety of pathologic manifestations, DCM is the second most frequent HF phenotype after ischemic
heart disease and is an indication for cardiac transplantation [29]. Patients with TIC have higher HR
and lower LVEF at diagnosis, with more recovery of LVEF after HR normalization [30]. In contrast,
patients with DCM tend to have a wider QRS complex, more frequent LGE, and more
rehospitalizations during follow-up [31]. From a histopathologic and immunologic standpoint, TIC
has a stronger myocardial expression of major histocompatibility complex class II molecules than
nonischemic/nonvalvular DCM, CD68+ macrophage infiltration is particularly strong, a generally
lower presence of T cells and macrophages, larger cardiomyocyte size, lower degree of myocardial
fibrosis, and a more altered distribution of mitochondrial patterns [32]. In our case, genetic testing
was performed to elucidate the background of HF whether TIC or DCM, and there was no obvious
genetic background shown. TIC should be considered in the diagnosis of patients with a DCM of
uncertain origin and who have tachycardias or AFL.

The duration of prolonged tachycardia is vital in the recovery of cardiac function with TIC.
Because TIC is a reversible cause of cardiac dysfunction in children, early diagnosis and effective
management are critical [33]. In animal models, cardiac output, atrial pressure, calcium uptake, and
creatinine kinase function have been reported to normalize 2-4 weeks after cessation of tachycardia,
but some changes, such as LV fibrosis or dilation, persist for several weeks despite removal of
tachycardia and may cause delayed normalization of EF [34, 35]. In our case, although it is difficult
to determine when arrhythmias began, TIC may be started at least before two months before
admission because of body weight loss without any other reasons. In a report of 50 cases of AFL
under one year of age, 36 cases (72%) developed AFL within 48 hours of birth and 44 (88%) within
two weeks of delivery [18]. For a group of children with cardiac dysfunction (LVEF < less than 50%)
and left ventricular dilatation (LVDD z-score > 2.0) due to TIC, the median time to recovery from
treatment takes 51 days for the normal LVEF and 71 days for the normal LVDD [1]. Previous studies
have reported that recovery of left ventricular systolic function takes weeks to months and reverse
remodeling months to years[1]. In adults, once HR is normalized by medical therapy, electrical
cardioversion, or radiofrequency ablation, clinical and functional recovery of the heart is reported to
be rapid, usually not exceeding 6 months [23, 36, 37]. In children, the median time to EF normalization
was 1.5 months [38]. In other pediatric reports, the median time to recovery was 51 days for LVEF
and 71 days for LVEDD; two patients (4%) underwent heart transplantation and one (1%) died [1].
Predictors of LV systolic function recovery by multivariate analysis were younger age, percentage of
tachycardia standardized, use of mechanical circulatory support, and increased LVEEF; for
normalization of LV size, only lower baseline LVEDD was a predictor [1]. In our case, recovery of the
normal LVEF took 98 days, and recovery of the normal LVDD took 163 days. Considering that most
cases of pediatric AFL tend to develop during the neonatal period and cardiac function gradually
improved in our case than that in previous cases, it is likely that our patient also had a long-standing
AFL that might persist from the neonatal period. This is supported by the fact that our patient had
severe cardiac dysfunction after a normal rhythm was achieved by cardioversion.

Patients with recovered TIC maintain a large LV volume and some degree of negative
remodeling [23, 39]. This may be related to persistence of interstitial fibrosis despite recovery of
myocardial function [40]. LGE on cardiac MRI has proved to help assess myocardial fibrosis in several
cardiomyopathies [41]. In patients with TIC, LGE may have a role in differentiating TIC from primary
cardiomyopathy and in predicting improvement in left ventricular function. The prevalence of LGE
in the TIC group is 16%, and interestingly, LGE is confined to the midmyocardium [30]. The presence
of LGE in patients with TIC has a prognostic impact and can be used as a predictor of increased
cardiac events [42]. The presence of LGE was an independent predictor of a lack of recovery of the
LVEF in TIC patients (p=0.004) [30]. The presence of LGE was associated with lack of LVEF
normalization at 6 months [43]. LGE was more frequent in the TIC group than in the DCM group. In
multivariate analysis, the presence of LGE was an independent predictor of lack of LVEF recovery
[30]. In our case, the HF recovery was longer than other reports, but we were confident that the HF
would improve soon because the LGE was negative.
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Sixty-nine percent of TCMP patients underwent defibrillation or ablation [31]. Treatment
strategy, such as antiarrhythmic drug therapy or catheter ablation, had no significant effect on
cardiomyopathy recovery. This suggests that the negative inotropic effects of antiarrhythmic drugs
do not preclude myocardial recovery, as has been previously proposed [44]. In addition, in a previous
report of 24 cases, five patients with recurrent tachycardia showed a rapid decrease in EF in adult
patients [45], suggesting that prevention of recurrent arrhythmia is important in TIC in adult patient.
In contrast, recurrence is rare in pediatric patients, after once AFL is cessation [18], meaning that
prophylactic administration of antiarrhythmic drugs is not unnecessary. In our case, preventative
medication was not administered, AFL has not been occurred for more than three years.

5. Conclusions

Improvement of cardiac function depends on the duration of TIC. Early recognition and
intervention of TIC is necessary to provide infantile patients with better outcome, given the potential
for recovery with appropriate treatment. TIC should be considered for a new diagnosis of LV
dysfunction or HF when persistent tachycardia is present.
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