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ABSTRACT

Background. Idiopathic dilated cardiomyopathy is the most common form of cardiomyopathy in children; however, potentially reversible causes 
may occasionally be identifi ed. Among these is a group of patients with symptoms of congestive heart failure and persistent tachycardia rep-
resenting a form of nonfamilial acquired cardiomyopathy known as tachycardia-induced cardiomyopathy or tachycardiomyopathy. This is a 
reversible condition with effective treatment of tachycardia. These patients may be misdiagnosed, potentially leading to inappropriate treatment. 
Diagnosis is often late and always should be suspected in patients with congestive heart failure and unexplained persistent tachycardia.
Case reports. We describe six pediatric patients (mean age 12 +4 years old, range 6-16 years). Patients presented with clinical manifesta-
tions of congestive heart failure followed by dilated cardiomyopathy. Different mechanisms of persistent tachycardia were documented as the 
cause and total recovery of ventricular function was achieved after successful treatment of tachycardia by catheter ablation.
Conclusion. The recognition of tachycardia-induced cardiomyopathy in pediatric patients is important. Opportune diagnosis and effective 
treatment are necessary because tachycardia-induced cardiomyopathy is a reversible cause of heart failure.

Key words: tachycardia-induced cardiomyopathy, idiopathic dilated cardiomyopathy, incessant tachycardia, ectopic atrial tachycardia, fas-
cicular ventricular tachycardia, permanent junctional reciprocating tachycardia.

INTRODUCTION

The majority of the cases of dilated cardiomyopathy (DCM) 
are defi ned as idiopathic. However, some may be related 
to a rapid heart rate. Tachycardia-induced cardiomyopathy 
(TCM) is defi ned as a condition characterized by atrial or 
ventricular myocardial dysfunction as a result of just a sus-
tained and/or irregular high rate. Implicit in this defi nition is 
that there is no underlying structural heart disease.1

Tachycardia-induced cardiomyopathy of supraven-
tricular or ventricular origin is uncommon in children 
or adolescents. However, timely diagnosis and effective 
treatment are necessary because TCM is a reversible cause 
of heart failure after the heart rate is normalized. The ob-

jective of this report was to describe a group of pediatric 
patients with clinical manifestations of congestive heart 
failure (CHF) who developed a form of DCM in which the 
etiological investigation documented a persistent tachyar-
rhythmia as the primary cause.

CLINICAL CASES

Patient selection
During a 12-year period there were 10 patients identifi ed 
with clinical symptoms of congestive heart failure and 
persistent tachycardia. Of these, six were pediatric pa-
tients (mean age 12 ± 4 years, range 6 to 16 years). In all 
patients, any type of congenital heart disease was ruled 
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out. The initial diagnosis in four cases was DCM second-
ary to myocarditis and in the other two cases idiopathic 
DCM. Patients were referred to the electrophysiology ser-
vice for evaluation of incessant or persistent tachycardia 
refractory to different antiarrhythmic drugs (mean 3.1 ± 
0.7) despite optimal drug therapy for CHF.

Postablation evaluation and follow-up
Continuous monitoring of the heart rhythm was done for 
18 h in the Pediatric Cardiology Intensive Care Unit, then 
in the Pediatric Cardiac Room for a minimum of 24 h until 
discharge under treatment with oral effervescent acetyl-
salicylic acid (300 mg once daily) for 8 weeks. Outpatient 
follow-up was done monthly with 12-lead electrocardio-
gram (12-ECG), chest x-ray and echocardiogram. Mini-
mum follow-up was for 1 year before defi nitive discharge.

Case 1
This is the case of a female child from the city of Puebla. 
She began at 2 years 6 months of age with progressive 
dyspnea up to New York Heart Association functional 
Class III (NYHA). She was evaluated in another hospi-
tal where persistent tachycardia and radiological cardio-
megaly were detected, establishing a clinical diagnosis 
of idiopathic DCM. At 4 years of age, impaired left ven-
tricular ejection fraction (LVEF) of 38% was determined 
by echocardiogram and 24% by radionuclide ventriculog-
raphy with severe generalized hypokinesis. At 6 years of 
age the patient was referred for electrophysiological study 
(EPS) due to persistent tachycardia refractory to the an-
tiarrhythmics propafenone, propranolol and amiodarone 
and optimal treatment for heart failure (digoxin, furose-
mide, spironolactone and captopril).

The 12-ECG showed incessant narrow QRS tachycar-
dia characteristically with a long RP’ interval–short P’R 
interval with negative P waves in leads II, III and aVF 
(Figure 1A). EPS was consistent with a re-entry macro-
circuit mediated by a concealed accessory pathway of 
slow retrograde conduction, also known as a permanent 
junctional reciprocating tachycardia (PJRT) or Coumel 
tachycardia. Electrophysiological mapping identifi ed the 
insertion of the accessory pathway in the right posterosep-
tal region of the tricuspid annulus near the coronary sinus 
ostium (Figure 1B). A second transcatheter radiofrequen-
cy (RF) energy pulse interrupted the accessory pathway 
conduction restoring sustained sinus rhythm (Figure 1C). 

Follow-up with echocardiogram documented total recov-
ery of ventricular function with LVEF 65%.

Case 2
This is the case of a female adolescent from Mexico City. 
Onset was with asymptomatic frequent palpitations with 
an evolution time not well defi ned. At 12 years of age 
she began to experience fatigue, exercise intolerance and 
progressive dyspnea up to orthopnea. She was referred to 
the cardiology service where a diagnosis of CHF, NYHA 
functional class III was clinically established with third 
degree radiological cardiomegaly with pulmonary capil-
lary wedge hypertension and echocardiogram reported se-
vere global hypokinesis with a LVEF 32%, suggestive of 
DCM. Medical treatment included digoxin, furosemide, 
spironolactone, enalapril, propranolol and amiodarone. 
Subsequently, treatment was indicated with prednisone 
and azathioprine for presumptive diagnosis of viral myo-
carditis and the patient was proposed for possible heart 
transplant. At 14 years of age due to persistent and refrac-
tory tachycardia, the patient was referred to EPS.

The 12-ECG showed regular wide QRS tachycardia 
with heart rate 160-170 bpm with right bundle branch 
block pattern qR in V1, R in V2-3, RS transition in V4 
and rS in V5-6 and left superior axis deviation with atrio-
ventricular dissociation, establishing the diagnosis of left 
posterior fascicular ventricular tachycardia (Figure 2A). 
Intracardiac mapping confi rmed a re-entry mechanism 
with the critical site in the apical region of the left inter-
ventricular septum where a second pulse of RF energy at 
the target site guided by recording of the Purkinje poten-
tial interrupted the tachycardia (Figures 2B-2D). During 
follow-up there was progressive improvement up to nor-
malization of heart function with a LVEF 68%. Figure 2E 
shows the radiological postablation sequence.

Case 3
This is the case of a 14-year-old female from the state of 
Chiapas. The patient had a 1-year evolution with rapid and 
persistent palpitations with clinical manifestations of CHF, 
NYHA class III, third-degree radiological cardiomegaly 
and echocardiogram with generalized hypokinesis and 
LVEF 36%, suggestive of idiopathic DCM. She received 
treatment with furosemide, digoxin and captopril and pro-
gressed with class II symptoms and hospitalizations due 
to relapses in NYHA class III. She was referred for EPS 
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Figure 1. 

Permanent junctional re-
ciprocating tachycardia. (A) 
12-lead ECG. Negative P’ 
waves in II, III, aVF with RP’ 
interval longer than P’R. (B) 
Intracardiac recordings, cy-
cle length of TC 420 msec, 
earlier depolarization in the 
right posteroseptal region 
(arrow) at -50 msec of coro-
nary sinus ostium electro-
gram (EGM) (CSos, dotted 
line). Leads I, III, aVF and 
V1, EGM of the distal, mid-
and proximal bundle of His 
(HISd, HISm, HISp), distal 
coronary sinus to ostium 
(CSd-CSos), distal and 
proximal ablation mapping 
site (ABLd-ABLp), and right 
ventricular apex (RVA). (C) 
Interruption of the tachy-
cardia. 12-lead ECG during 
the RF energy application 
at the earliest site of the an-
terior fi gure with conversion 
to sinus rhythm. Change 
of P wave morphology and 
axis (arrows)

A B

C



Bol Med Hosp Infant Mex234

Enrique Velázquez-Rodríguez, Horacio Rodríguez-Piña, Alex Pacheco-Bouthillier, Luz María Deras-Mejía, Santiago Jiménez-Arteaga, 
Arturo Martínez-Sánchez, Lucelly Yáñez-Gutiérrez, Felipe David-Gómez,3 Carlos Alva-Espinoza

www.medigraphic.org.mx

due to incessant tachycardia refractory to the antiarrhyth-
mics disopyramide, propafenone, metoprolol, digoxin and 
amiodarone. 12-ECG showed narrow, sustained, irregular 
QRS tachycardia with heart rate 140-220 bpm with bi-
modal P’ waves, negative-positive in II, III, aVF, positive 
in aVR, negative in I, aVL, positive in V1-V3, with 2:1 
AV conduction block (Figure 3A).

EPS confi rmed the clinical suspicion of ectopic atrial 
tachycardia (EAT) due to abnormal automaticity mecha-
nism originating in the left atrium (Figure 3B). The second 
RF application interrupted the ectopic focus restoring sus-
tained sinus rhythm (Figure 3C). Radiological sequence 
was obtained for 3 months with echocardiography LVEF 
normalization to 70% (Figure 3D).

Case 4
This is the case of a 14-year-old male from Mexico City. 
The patient had a 3-month evolution with palpitations, 
fatigue, exercise intolerance, and progressive dyspnea up 
to acute pulmonary edema. Thorax x-ray showed third 
degree cardiomegaly and echocardiogram with general-
ized hypokinesis with LVEF 33%. A possible diagnosis of 
DCM secondary to myocarditis was proposed. The patient 
was treated with digoxin, furosemide, spironolactone, 
enalapril and immunosuppressors with prednisone and 
azatrioprine. He continued to progress with NYHA class 
IV symptoms and was referred for EPS due to persistent 
tachycardia despite antiarrhythmic treatment with diso-
pyramide, propafenone, digoxin and amiodarone.

12-ECG showed heart rate 160-200 bpm with nar-
row QRS tachycardia with bimodal positive P’ waves in 
I, aVL, bimodal negative in II, III, aVF, negative in aVR 
and isodiphasic ± in V1-V3 and positive in V4-V6 with 
1:1 AV conduction (Figure 4A). EPS confi rmed the clini-
cal suspicion of EAT due to abnormal automatism mecha-
nism originated in the lower right atrium (Figure 4B). The 
fourth application of RF energy interrupted the ectopic 
focus restoring sustained sinus rhythm (Figure 4C) with 
normalization of the LVEF to 68% (Figure 4D).

Case 5
This is the case of a 16-year-old female from the state of 
Guanajuato. She presented with progressive dyspnea of 2 
years evolution in NYHA functional class III-IV. Echo-
cardiographic evaluation demonstrated grade II mitral and 
tricuspid functional regurgitation and generalized hypoki-

nesis with LVEF 34% and FAc 16%, suggestive of DCM. 
Her treatment included digoxin, furosemide, spironolac-
tone, enalapril and immunossuppresors prednisone and 
azathioprine due to suspected probable viral myocarditis. 
She was referred for EPS due to initial diagnosis of persis-
tent sinus tachycardia. Antiarrhythmic treatment included 
disopyramide, propafenone, fl ecainide, verapamil and 
amiodarone. 12-ECG showed narrow QRS tachycardia 
with heart rate 160-210 bpm with positive P’ wave in I, 
II, III, aVF, negative in aVR, aVL, V1-V2 and positive in 
V3-V6 with 1:1 AV conduction (Figure 5A).

EPS confi rmed the presence of EAT by abnormal au-
tomaticity mechanism originated in the upper right atrium 
at the level of the crista terminalis (Figure 5B). A second 
catheter ablation procedure with 11 pulses of RF energy 
interrupted the ectopic focus restoring sustained sinus 
rhythm (Figure 5C) with recovery of ventricular function 
with LVEF 66% and FAc 33% (Figure 5D).

Case 6
This is the case of an 8-year-old female from Mexico 
City. The patient was evaluated initially due to an iso-
lated syncope episode with fi ndings of supraventricular 
tachycardia, thorax-x ray cardiomegaly, and NYHA func-
tional class III due to dyspnea and persistent palpitations. 
Initial diagnosis of DCM was established based on the 
echocardiogram, with left end-systolic diameter 55 mm, 
left end-diastolic diameter 52.8 mm, LVEF 10%, grade II 
mitral and tricuspid functional regurgitation and general-
ized hypokinesis. Treatment was begun for heart failure 
with digoxin, spironolactone, propranolol, furosemide and 
enalapril. Treatment with prednisone was initiated due to 
suspected viral myocarditis. After 2 years of follow-up she 
continued in NYHA functional class II-III with incessant 
tachycardia refractory to antiarrhythmics propafenone, 
metoprolol and amiodarone with secondary effect of thy-
roiditis, for which she was referred to EPS.

12-ECG showed incessant tachycardia, heart rate 100-
180 bpm with narrow QRS with negative P’ waves in I, 
aVL, positive in II, III, aVF, positive in aVR, positive in 
V1, biphasic –++ of V2 to V6 and intermittent 1:1 and 2:1 
AV conduction (Figure 6A).

EPS confi rmed the clinical suspicion of EAT due to 
abnormal automaticity mechanism originated in the left 
atrium (Figure 6B). The patient underwent transseptal 
catheterization technique and 3D CARTO electroanatom-
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Figure 2. 

Fascicular ventricular tachycar-
dia. (A) Wide QRS tachycardia 
with right bundle branch block 
pattern and left axis deviation 
with atrioventricular dissocia-
tion (arrows). (B) Fluoroscopic 
images. Ablation catheter (Abl) 
in the apical region of the left 
interventricular septum. (C) In-
tracardiac tracings. Target site 
(ABLd), recording of the Pur-
kinje potential (PP, arrows) at 
-24 msec of local ventricular 
EGM. (D) Interruption of the 
tachycardia (*). Leads I, aVF 
and V1; EGM of the ablation 
mapping site (ABLd, ABLp), 
bundle of His (HISd-HISp) and 
right ventricular apex (RVA); 
local atrial (A) and ventricular 
(V) electrograms; RF, radiofre-
quency application (E) radio-
graphic sequence. Before (a) at 
1 month (b) and 3 months (c) 
after the ablation procedure.
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Figure 3. 

Ectopic atrial tachycardia. 
(A) 12-lead ECG. Nega-
tive P’ waves in I, aVL, 
biphasic in II, III, aVF and 
positive in V1 with 2:1 AV 
conduction, origin in the 
left atrium. (B) Intracar-
diac recordings. Target 
site. Atrial electrogram 
(A) at -60 msec of P’ 
wave of surface ECG. (C) 
Interruption of the tachy-
cardia during RF energy 
application. Leads I, aVF, 
V1 and V5; EGM of the 
proximal coronary sinus 
and ostium (CSp-CSos), 
and ablation mapping 
(LA-Abl). (D) Radio-
graphic sequence before 
(a) at 1 month (b) and 3 
months (c) after the abla-
tion procedure.
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b
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Figure 4. 

Ectopic atrial tachy-
cardia. (A) 12-lead 
ECG. Positive bi-
modal P’ waves in I, 
aVL, negative in II, 
III, aVF, and isodi-
phasic ± in V1 to V3 
with 1:1 AV conduc-
tion. Origin in the 
lower right atrium. 
(B) Intracardiac re-
cordings. Target site. 
Atrial electrogram at 
-30 msec of the P’ 
wave of the surface 
ECG (vertical line), 
cephalo-caudal ac-
tivation sequence 
(HRA, MRA, LRA, 
pCS). (C) Interrup-
tion of the tachy-
cardia (*) during RF 
energy application. 
Leads I, aVF and 
V1; EGM of the high 
right atrium (HRA), 
mid (MRA) and low 
(LRA), proximal cor-
onary sinus (pCS), 
and the ablation 
mapping site (Abl). 
(D) Radiographic 
sequence before (a), 
at 1 month (b) and 3 
months (c) after the 
ablation procedure.
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Figure 5. 

Ectopic atrial tachycardia. 
(A) 12-lead ECG. Positive P’ 
waves in I, aVL, II, III, aVF 
and negative in aVR, V1-V2, 
positive from V3 to V6. Ori-
gin in the superior region of 
the crista terminalis. Beats 
10 and 11 are spontaneous 
in which a normal P waves 
morphology and axis were 
observed (arrows) with re-
sumption of the tachycardia. 
(B) Intracardiac recordings. 
Target site. Atrial electro-
gram (A) at -30 msec of 
the P’ wave of the surface 
ECG (vertical line), cephalo-
caudal activation sequence 
(HRA, HIS). EGM of Bun-
dle of His (H) and ventricle 
bundle (V). (C) Interruption 
of the tachycardia (*) dur-
ing RF energy application. 
Leads I, II, III and V1; electrograms of the high right atrium (HRA), bundle of His (HIS), and ablation mapping site (RA-Abl). (D) Short-axis 
M-mode echocardiogram at the level of papillary muscles before ablation. (E) Short-axis M-mode echocardiogram at 3 months postablation.

B

C

D

E



Tachycardia-induced cardiomyopathy in children and adolescents  

239Vol. 70, May-June 2013

www.medigraphic.org.mx

ic mapping, a second pulse of RF energy using an irrigated 
catheter NaviStar ThermoCool (Biosense, Webster, TX, 
USA) interrupted the ectopic focus in the left atrial septum 
restoring sustained sinus rhythm (Figure 6C). Outpatient 
follow-up was done with normalization of the LVEF to 
60% and FAc 33%.

DISCUSSION

Despite the great interest and impact of CM, demograph-
ics and underlying causes have been diffi cult to establish, 
particularly in the pediatric population. DCM is the most 
common form and reason for heart transplantation in chil-
dren.2 DCM has been classifi ed as idiopathic in 66% of 
the cases with age at the time of the diagnosis between 6 
and 18 years in 37% of cases.3 One-third of patients had 
NYHA functional class IV symptoms with a 5-year sur-
vival of 71% for the idiopathic variety.3-5 However, these 
reports have limited details with respect to the causes, 
risk and evolution of the specifi c varieties of CM. Despite 
these data, knowledge of the causes of DCM continues to 
be diffi cult. Only 34% of pediatric patients have an iden-
tifi ed cause.5 Recently, a new classifi cation includes CM 
induced by tachycardia and, in it, “tachycardiomyopathy” 
is classifi ed as a non-familial acquired cause of DCM.6,7

TCM is an infrequent, but potentially treatable, cause 
of CHF. Reports on its incidence are very limited and, 
above all, underestimated. In a report of 673 cases of 
DCM, only one case was attributed to incessant tachy-
cardia.8 As the arrhythmias are frequently a complication 
of CM, these usually goes unnoticed as a primary cause. 
Clinical evidence and experimental studies have clearly 
demonstrated that myocardial dysfunction is associated 
with the occurrence of a rapid heart rate and with an in-
cessant course in the context of diverse types of supra-
ventricular and ventricular tachycardia.9-23 TCM has been 
reported in any pediatric age group—from fetus to ado-
lescence.24-26

It is notable that EAT commonly has a chronic and 
incessant course and represents one of the most impor-
tant reversible cause of left ventricular dysfunction with a 
picture of DCM, especially in adolescents.13 This clinical 
course was documented in four cases in our series. These 
cases had in common that tachycardia-related symptoms 
were always prominent and not taken into account by the 
clinician. Instead, in the case of patient 5, few symptoms 

were related to tachycardia and were recognized when the 
patient developed symptoms of CHF. The possibility of 
spontaneous resolution of the EAT is very low. Most cases 
require antiarrhythmic therapy, but good pharmacological 
control is achieved only in one-third of cases. According 
to previous reports, EAT in pediatric patients has an inces-
sant course in 94% of the cases, and up to 28% progress 
to left ventricular dysfunction when EAT is diagnosed for 
the fi rst time.27,28 Catheter ablation has been a successful 
and safe procedure in children; therefore, the ablative pro-
cedure should be considered early if the EAT is associated 
with CM.13-15,29-31

On the other hand, the main form of clinical presenta-
tion of AV reciprocating tachycardia mediated by an ac-
cessory pathway is of paroxysmal type, although there are 
isolated reports of AV reciprocating tachycardia with an 
incessant course, notably in the type referred to as PJRT 
or Coumel tachycardia.32,33 It is frequently refractory to 
antiarrhythmic treatment and is associated with TCM in 
up one-third of cases.34-36 This variety of tachycardia is 
uncommon and was confi rmed in the fi rst case of this se-
ries with a rapid recovery of ventricular function with suc-
cessful catheter ablation.

The second case was associated with ventricular 
tachycardia (VT). Idiopathic fascicular VT represented an 
extraordinary situation because it is infrequent in child-
hood and when present generally has a favorable progno-
sis.37,38 Of the 37 cases published by Ohe et al., 25% were 
younger than 15 years of age and notably, only one case 
had a severe clinical course refractory to drugs.39 There 
are only three reports in the international literature of 
unique cases with TCM induced by idiopathic fascicular 
VT, a clinical course similar to our case with normaliza-
tion of the left ventricular function after successful treat-
ment with catheter ablation.22,40,41

There are no defi nitive answers on the precise mecha-
nism of TCM in clinical situations.42,43 However; several 
experimental studies have helped us to understand the 
pathophysiology of TCM. These studies have shown that 
rapid and sustained stimulation with a pacemaker in the 
atrium and/or ventricle produces a progressive increase of 
ventricular volumes, cardiac output and ejection fraction 
showed a progressive decline after 3 to 5 weeks of pace-
maker stimulation.44,45

Histologically, the modifi cations are characterized by a 
disorder of the extracellular matrix due to a signifi cant loss 
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Figure 6. 

Ectopic atrial tachycardia. (A) 
12-lead ECG. Negative P’ waves 
in I, aVL, positive in II, III, aVF, 
positive in V1, variable AV con-
duction. Origin in the left atrium. 
Typical “hot-cold” behavior of 
the atrial rate. (B) Intracardiac 
recordings. Target site. Atrial 
electrogram (A) at -36 msec of 
the P’ wave of the surface ECG 
(dotted line), 2:1 AV conduction; 
EGM of local atrium (A), bundle 
of His (H), ventricle (V), ablation 
mapping site (ABLd-ABLp), and 
distal to proximal coronary sinus 
(SCd-SC7-8). (C) Electroana-
tomic 3-D map of local activation 
time. Left anterior oblique view 
45° caudal 35°. Activation time 
codifi ed in color with earliest acti-
vation site in the lower part of the 
left inter-atrial septum (red color, 
target site) with progressive ra-
dial distribution (yellow-green-
blue-purple). RA, right atrium; 
SVC, superior vena cava; IVC, 
inferior vena cava; MA, mitral 
annulus; LSPV, left superior 
pulmonary vein; LAA, left atrial 
appendage. (D) Interruption of 
tachycardia (arrows) during RF 
energy application
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Table 1. Clinical characteristics of the patients

Case

Age/Gender 
(years) 
M/F)

CF 
NYHA

Time of 
evolution
(months) CF (bpm)

Tachy-
cardia AA

1 6/F III 54 150-166 AV PJRT 3
2 14/F III 24 160-170 TVF 3
3 14/F IV 12 90-180 EAT 2
4 14/M IV 3 160-200 EAT 4
5 16/F IV 24 125-150 EAT 4
6 8/F III 24 100-180 EAT 3

 Average         12 ± 4 years             23.5 ± 17.2 months                           3.1 ± 0.75
 (mean ± SD)    

M, male; F, female; FC NYHA, functional class New York Heart Association; CF, 
cardiac frequency; bpm, beats per minute; AV PJRT, permanent junctional recipro-
cating tachycardia (Coumel); VFT, ventricular fascicular tachycardia; EAT, ectopic 
atrial tachycardia; AA, antiarrythmics.  

Table 2. Echocardiogram data before and after ablative treatment

% LVEF

Case Before 1 month 3 month

1 38 63 65
2 32 65 68
3 36 70 ---
4 33 60 68
5 34 55 66
6 10 60 60

LVEF, left ventricular ejection fraction.

of myocyte density, cellular elongation, myofi brillar disar-
ray, sarcomeric loss, hypertrophy and apoptosis.42,43,46,47 
The responsible mechanisms probably involve a decrease 
and altered utilization of the high-energy substrates that 
determine myocardial remodeling, alteration of the cellu-
lar structure, decrease of the ATPase activity with increase 
of calcium at the level of the sarcolemma and mitochon-
drial alteration.1,48,49

Reversibility of CM after effective treatment of tachy-
cardia is an important characteristic and has been studied 
in experimental models. The pattern and recovery time 
that follow curative treatment of incessant tachycardia in 
children are not well documented and are derived from 
clinical observation.50-54

De Giovanni et al. evaluated the pattern of left ven-
tricular recovery secondary to incessant tachycardia after 
radiofrequency catheter ablation in a group of infants and 
children. Age at the time of ablation was 2 months to 12.5 

years (mean 4.1 years). They concluded that the time of 
recovery was related principally with the duration of the 
tachycardia and was signifi cantly shorter in infants.19

As in previous reports,55 the six patients presented 
here demonstrated an onset of symptom improvement 
and LVEF normalization at the end of the fi rst month 
after successful treatment. Accordingly, diagnosis of 
TCM requires demonstration of improvement in left 
ventricular function after effective treatment of tachy-
cardia. With the exception of one case, the patients in 
our series had a longer evolution with symptoms of 
palpitations and CHF of 3 months to 4.5 years (mean 
23.5 ± 17.2 months). In no case was a clinical picture 
of TCM suspected, and there was an interval from 3 
months to 2 years from the onset of symptoms of CHF 
until the time of referral for EPS.

It is recognized that diagnosis of TCM is not simple. 
Unfortunately, there are no diagnostic guidelines to identi-
fy a TCM during the fi rst visit with the physician.56-58 Al-
though arrhythmias have shown to be a contributing factor 
in hospital admissions due to heart failure, it would be ex-
pected that the percentage of patients with a tachyarrhyth-
mia as the primary cause of CM would be considerably 
low. Therefore, TCM requires a high index of suspicion. 
The clinician should aggressively look for this condition 
when left ventricular dysfunction accompanies a persis-
tent tachycardia refractory to treatment. A review of the 
cases reported here indicates that they were misdiagnosed. 
And this was a factor in the decision to undertake an inap-
propriate treatment plan that included immunosuppressive 
therapy due to suspected myocarditis or that the patients 
were included in a cardiac transplant program due to sus-
pected idiopathic DCM.

In conclusion, recognition of TCM in the pediatric age 
is very important because offering appropriate treatment 
leads to recovery of ventricular function. TCM can be one 
of the most common and unrecognized cause of potential-
ly curable CHF and needs to be taken into consideration 
in the differential diagnosis of idiopathic DCM. These pa-
tients may be misdiagnosed, leading to potentially inap-
propriate treatment. Therefore, children and adolescents 
who present with heart failure and persistent tachycardia 
should be evaluated to rule out a primary cause to allow 
appropriate initial treatment for this reversible cause of 
heart failure. TCM is a diagnosis that should not be con-
fused with other conditions.



Bol Med Hosp Infant Mex242

Enrique Velázquez-Rodríguez, Horacio Rodríguez-Piña, Alex Pacheco-Bouthillier, Luz María Deras-Mejía, Santiago Jiménez-Arteaga, 
Arturo Martínez-Sánchez, Lucelly Yáñez-Gutiérrez, Felipe David-Gómez,3 Carlos Alva-Espinoza

www.medigraphic.org.mx

Correspondence: Dr. Enrique Velázquez Rodríguez
E-mail: enve@prodigy.net.mx

REFERENCES

1. Shinbane JS, Wood MA, Jensen DN, Ellebongen KA, Fitz-
patrick AP, Sheinman MM. Tachycardia-induced cardiomy-
opathy: a review of animal models and clinical studies. J Am 
Coll Cardiol 1997;29:709-715.

2. Lipshultz SE, Sleeper LA, Towbin JA, Lowe AM, Orav EJ, Cox 
GF, et al. The incidence of pediatric cardiomyopathy in two 
regions of the United States. N Engl J Med 2003;348:1647-
1655.

3. Towbin AJ, Lowe MA, Colan DS, Sleeper AL, Orav JE, Clunie 
S, et al. Incidence, causes, and outcomes of dilated cardio-
myopathy in children. JAMA 2006; 296:1867-1876.

4. Grenier M, Osganian SK, Cox GF, Towbin JA, Colan SD, 
Lurie PR, et al. Design and implementation of the North 
American Pediatric Cardiomyopathy Registry. Am Heart J 
2000;139(2 Pt 3):S86-S95.

5. Connolly D, Rutkowski M, Auslender M, Artman M. The New 
York University Pediatric Heart Failure Index: a new method 
of quantifying chronic heart failure severity in children. J Pe-
diatr 2001;138:644-648.

6. Elliott P, Andersson B, Arbustini E, Bilinska Z, Cecchi F, 
Charron P, et al. Classifi cation of the cardiomyopathies: a 
position statement from the European Society of Cardiology 
Working Group on Myocardial and Pericardial Diseases. Eur 
Heart J 2008;29:270-276.

7. Maron BJ, Towbin JA, Thiene G, Antzelevitch C, Corrado D, 
Arnett D, et al. Contemporary defi nitions and classifi cation of 
the cardiomyopathies: an American Heart Association Scien-
tifi c Statement from the Council on Clinical Cardiology, Heart 
Failure and Transplantation Committee; Quality of Care and 
Outcomes Research and Functional Genomics and Transla-
tional Biology Interdisciplinary Working Groups; and Council 
on Epidemiology and Prevention. Circulation 2006;113:1807-
1816.

8. Kasper EK, Agema WR, Hutchins GM, Deckers JW, Hare 
JM, Baughman KL. The causes of dilated cardiomyopathy: 
a clinicopathologic review of 673 consecutive patients. J Am 
Coll Cardiol 1994;23:586-590.

9. Winum PF, Cayla G, Rubini M, Beck L, Messner-Pellenc P. 
A case of cardiomyopathy induced by inappropriate sinus 
tachycardia and cured by ivabradine. Pacing Clin Electro-
physiol 2009;32:942-944.

10. Jeong YH, Choi KJ, Song JM, Hwang ES, Park KM, Nam GB, 
et al. Diagnostic approach and treatment strategy in tachy-
cardia-induced cardiomyopathy. Clin Cardiol 2008;31:172-
178.

11. Redfi eld MM, Kay GN, Jenkins LS, Mianulli M, Jensen DN, 
Ellenbogen KA. Tachycardia-related cardiomyopathy: a com-
mon cause of ventricular dysfunction in patients with atrial fi -
brillation referred for atrioventricular ablation. Mayo Clin Proc 
2000;75:790-795.

12. Fujino T, Yamashita T, Suzuki S, Sugiyma H, Sagara K, 
Sawada H, et al. Characteristics of congestive heart failure 
accompanied by atrial fi brillation with special reference to 
tachycardia-induced cardiomyopathy. Circ J 2007;71:936-
940.

13. Velázquez-Rodríguez E, Martínez-Enríquez A. Dilated car-
diomyopathy induced by ectopic atrial tachycardia. Arch Inst 
Cardiol Mex 2000;70:292-300.

14. Medi C, Kalman MJ, Haqqani H, Vohra KJ, Morton BJ, 
Sparks BP. Tachycardia-mediated cardiomyopathy second-
ary to focal atrial tachycardia: long-term outcome after cath-
eter ablation. J Am Coll Cardiol 2009;53:1791-1797.

15. Nakazato Y. Tachycardiomyopathy. Indian Pacing Electro-
physiol J 2002;2:104-113.

16. Liu S, Olsson SB. An unusual cause of tachycardiomyopa-
thy: incessant atypical AV nodal reentrant tachycardia in-
duced by 1:2 AV conduction. Europace 2001;3:241-246.

17. Tulino D, Dattilo G, Tulino V, Marte F, Patanè S. A con-
genital form of junctional ectopic tachycardia. Int J Cardiol 
2010;145:e54-56.

18. Sánchez Fernández-Bernal C, Benito-Bartolomé F, Moreno 
F. Reversibility of tachycardia-induced cardiomyopathy after 
radiofrequency ablation of incessant supraventricular tachy-
cardia in infants. Br Heart J 1995;74:332-333.

19. De Giovanni JV, Dindar A, Griffi th MJ, Edgar RA, Silove 
ED, Stumper O, et al. Recovery pattern of left ventricular 
dysfunction following radiofrequency ablation of incessant 
supraventricular tachycardia in infants and children. Heart 
1998;79:588-592.

20. Velázquez-Rodríguez E, Morales-Hernández JA, Solórzano-
Zepeda F. Disfunción ventricular izquierda inducida por ta-
quicardia: regresión postablación con catéter. Rev Mex Car-
diol 1998;9:121-133.

21. Vijgen J, Hill P, Biblo LA, Carlson MD. Tachycardia-induced 
cardiomyopathy secondary to right ventricular outfl ow tract 
ventricular tachycardia: improvement of left ventricular sys-
tolic function after radiofrequency catheter ablation of the ar-
rhythmia. J Cardiovasc Electrophysiol 1997;8:445-450.

22. Arya A, Haghjoo M, Davari P, Sadr-Ameli MA. Resolution of 
tachycardia-induced cardiomyopathy following ablation of 
verapamil-sensitive idiopathic left ventricular tachycardia. 
Pediatr Cardiol 2006;27:146-148.

23. Chugh SS, Shen WK, Luria DM, Smith HC. First evidence 
of premature ventricular complex-induced cardiomyopathy: 
a potentially reversible cause of heart failure. J Cardiovasc 
Electrophysiol 2000;11:328-329.

24. Kleinman CS, Nehgme RA. Cardiac arrhythmias in the hu-
man fetus. Pediatr Cardiol 2004;25:234-251.

25. Strasburger JF, Cuneo BF, Michon MM, Gotteiner NL, Deal 
BJ, McGregor SN, et al. Amiodarone therapy for drug-refrac-
tory fetal tachycardia. Circulation 2004;27:375-379.

26. Salerno CJ, Kertesz NJ, Friedman RA, Fenrich AL Jr. Clinical 
course of atrial ectopic tachycardia is age-dependent: results 
and treatment in children ≤3 or ≥3 years of age. J Am Coll 
Cardiol 2004;43:438-444.

27. Toyohara K, Fukuhara H, Yoshimoto J, Ozaki N, Nakamura 
Y. Electrophysiologic studies and radiofrequency catheter 
ablation of ectopic atrial tachycardia in children. Pediatr Car-
diol 2011;32:40-46.

28. Paul T, Bertram H, Bökenkamp R, Hausdorf G. Supraven-
tricular tachycardia in infants, children and adolescents: 
diagnosis, and pharmacological and interventional therapy. 
Paediatr Drugs 2000;2:171-181.

29. Von Bergen NH, Abu Rasheed H, Law IH. Transcatheter 
cryoablation with 3-D mapping of an atrial ectopic tachycar-
dia in a pediatric patient with tachycardia induced heart fail-
ure. J Interv Card Electrophysiol 2007;18:273-279.



Tachycardia-induced cardiomyopathy in children and adolescents  

243Vol. 70, May-June 2013

www.medigraphic.org.mx

30. Van Hare GR, Witherell CL, Lesh MD. Follow-up of radiofre-
quency catheter ablation in children: results in 100 consecu-
tive patients. J Am Coll Cardiol 1994;23:1651-1659.

31. Kugler JD, Danford DA, Deal BJ, Gillette PC, Perry JC, Silka 
MJ, et al. Radiofrequency catheter ablation for tachyarrhyth-
mias in children and adolescents. The Pediatric Electrophysi-
ology Society. N Engl J Med 1994;330:1481-1487.

32. Coumel P, Cabrol C, Fabiato A, Gourgon R, Slama R. Tachy-
cardie permanente par rythme réciproque. I. Preuves du di-
agnostic par stimulation auriculaire et ventriculaire. Arch Mal 
Coeur 1967;60:1830-1864.

33. Critelli G, Gallagher JJ, Monda V, Coltorti F, Scherillo M, 
Rossi L. Anatomic and electrophysiologic substrate of the 
permanent form of junctional reciprocating tachycardia. J Am 
Coll Cardiol 1984;4:601-610.

34. Lindinger A, Heisel A, von Bernuth G, Paul T, Ulmer H, Kien-
ast W, et al. Permanent junctional re-entry tachycardia. A 
multicentre long-term follow-up study in infants, children and 
young adults. Eur Heart J 1998;19:936-942.

35. Vaksmann G, D’Hoinne C, Lucet V, Guillaumont S, Lupo-
glazoff JM, Chantepie A, et al. Permanent junctional recipro-
cating tachycardia in children: a multicentre study on clinical 
profi le and outcome. Heart 2006;92:101-104.

36. Noë P, Van Driel V, Wittkampf F, Sreeram N. Rapid recov-
ery of cardiac function after catheter ablation of persistent 
junctional reciprocating tachycardia in children. Pacing Clin 
Electrophysiol 2002;25:191-194.

37. Song MK, Baek JS, Kwon BS, Kim GB, Bae EJ, Noh CI, et al. 
Clinical spectrum and prognostic factors of pediatric ventricu-
lar tachycardia. Circ J 2010;74:1951-1958.

38. Yasui K, Shibata T, Yokoyama U, Nishizawa T, Takigiku K, 
Sakon T, et al. Idiopathic sustained left ventricular tachycar-
dia in pediatric patients. Pediatr Int 2001;43:42-47.

39. Ohe T, Aihara N, Kamakura S, Kurita T, Shimizu W, Shimo-
mura K. Long-term outcome of verapamil-sensitive sustained 
left ventricular tachycardia in patients without structural heart 
disease. J Am Coll Cardiol 1995;25:54-58.

40. Singh B, Kaul U, Talwar KK, Wasir HS. Reversibility of 
“tachycardia induced cardiomyopathy” following the cure of 
idiopathic left ventricular tachycardia using radiofrequency 
energy. Pacing Clin Electrophysiol 1996;19:1391-1392.

41. Benito-Bartolomé F, Sánchez Fernández-Bernal C. Revers-
ibilidad de la miocardiopatía tras curación de la taquicardia 
ventricular incesante mediante ablación con radiofrecuencia 
en el lactante. An Pediatr (Barc) 2000;53:156-158.

42. Zellner JL, Spinale FG, Eble DM, Hewett KW, Crawford FA 
Jr. Alterations in myocyte shape and basement membrane 
attachment with tachycardia-induced heart failure. Circ Res 
1991;69:590-600.

43. Spinale FG, Zellner JL, Tomita M, Crawford FA, Zile MR. Re-
lation between ventricular and myocyte remodeling with the 
development and regression of supraventricular tachycardia-
induced cardiomyopathy. Circ Res 1991;69:1058-1067.

44. Whipple GH, Sheffi eld LT, Woodman EG, Theophilis C, 
Friedman S. Reversible congestive heart failure due to 

chronic rapid stimulation of the normal heart. Proc New Engl 
Cardiovasc Soc 1962;20:39-40.

45. Patel HJ, Pilla JJ, Polidori DJ, Pusca SV, Plappert TA, Sut-
ton MS, et al. Ten weeks of rapid ventricular pacing creates 
a long-term model of left ventricular dysfunction. J Thorac 
Cardiovasc Surg 2000;119(4 Pt 1):834-841.

46. Kajstura J, Zhang X, Liu Y, Szoke E, Cheng W, Olivetti G, et 
al. The cellular basis of pacing-induced dilated cardiomyopa-
thy. Myocyte cell loss and myocyte cellular reactive hypertro-
phy. Circulation 1995;92:2306-2317.

47. Fenelon G, Wijns W, Andries E, Brugada P. Tachycardiomy-
opathy: mechanisms and clinical implications. Pacing Clin 
Electrophysiol 1996;19:95-106.

48. Mukherjee R, Hewett KW, Spinale FG. Myocyte electrophysi-
ological properties following the development of supraven-
tricular tachycardia-induced cardiomyopathy. J Mol Cell Car-
diol 1995;27:1333-1348.

49. Khasnis A, Jongnarangsin K, Abela G, Veerareddy S, Reddy 
V, Thakur R. Tachycardia-induced cardiomyopathy: a review 
of literature. Pacing Clin Electrophysiol 2005;28:710-721.

50. Spinale FG, Holzgrefe HH, Mukherjee R, Arthur SR, Child 
MJ, Powell JR. LV and myocyte structure and function after 
early recovery from tachycardia-induced cardiomyopathy. 
Am J Physiol 1995;268 (2 Pt 2):H836-H847.

51. Yamamoto K, Burnett JC Jr, Meyer LM, Sinclair L, Stevens 
TL, Redfi eld MM. Ventricular remodeling during develop-
ment and recovery from modifi ed tachycardia-induced 
cardiomyopathy model. Am J Physiol 1996;271(6 Pt 
2):R1529-R1534.

52. Tomita M, Spinale FG, Crawford FA, Zile MR. Changes in left 
ventricular volume, mass, and function during the develop-
ment and regression of supraventricular tachycardia-induced 
cardiomyopathy. Disparity between recovery of systolic ver-
sus diastolic function. Circulation 1991;83:635-644.

53. Moe GW, Grima EA, Howard RJ, Seth R, Armstrong PW. Left 
ventricular remodeling and disparate changes in contractility 
and relaxation during the development of and recovery from 
experimental heart failure. Cardiovasc Res 1994; 28:66-71.

54. Spinale FG, Tanaka R, Crawford FA, Zile MR. Changes in 
myocardial blood fl ow during development of and recov-
ery from tachycardia-induced cardiomyopathy. Circulation 
1992;85:717-729.

55. Horenstein MS, Saarel E, Dick M, Karpawich PP. Reversible 
symptomatic dilated cardiomyopathy in older children and 
young adolescents due to primary non-sinus supraventricu-
lar tachyarrhythmias. Pediatr Cardiol 2003;24:274-279.

56. Walker NL, Cobbe SM, Birnie DH. Tachycardiomyopathy: a 
diagnosis not to be missed. Heart 2004;90:e7.

57. Calò L, De Ruvo E, Sette A, Sciarra L, Scioli R, Sebastiani 
F, et al. Tachycardia-induced cardiomyopathy: mechanisms 
of heart failure and clinical implications. J Cardiovasc Med 
(Hagerstown) 2007; 8:138-143.

58. Lishmanov A, Chockalingam P, Senthilkumar A, Chockalin-
gam A. Tachycardia-induced cardiomyopathy: evaluation and 
therapeutic options. Congest Heart Fail 2010; 16:122-126.


