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Introduction: It is rare to find that wide QRS tachycardia automatically changes to

narrow QRS tachycardia, and it is more difficult to clarify the mechanism.

Case Report: A 3-month-old infant with recurrent paroxysmal supraventricular

tachycardia underwent transesophageal cardiac electrophysiological examination. The

wide QRS tachycardia was induced by atrial RS2 stimulation, and it soon changed to

narrow QRS tachycardia automatically. By the accurate measurement of esophageal

lead, it was found that the electrocardiogram changes completely conform to

Coumel law. The mechanism of wide and narrow QRS tachycardia was orthodromic

atrioventricular reentrant tachycardia with or without ipsilateral functional bundle branch

block, and the accessory pathway was defined as the left free wall-concealed

accessory pathway.

Conclusion: Transesophageal cardiac electrophysiological examination can reveal

some special electrophysiological phenomena, and its non-invasive nature is especially

suitable for infants.
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INTRODUCTION

Clinically, it is rare to find that wide QRS tachycardia automatically changes to narrow
QRS tachycardia, and it is more difficult to clarify the mechanism. This article reports a
case of a 3-month-old infant who was found to have the above-mentioned ECG changes
during the transesophageal cardiac electrophysiological examination (TECEE). Through accurate
measurement of the esophageal leads, we confirmed that the changes in the electrocardiogram
conform to Coumel law, an important electrophysiological phenomenon, and clarified the
mechanism of tachycardia.

CASE PRESENTATION

A 3-month-old infant, with a cough for 4 days and repeated paleness for 1 day, was admitted
to the hospital. In the neonatal period, the infant was hospitalized in the neonatal department
for sustained paroxysmal supraventricular tachycardia (SVT) and terminated with intravenous
injection of adenosine triphosphate, and then followed by oral digoxin. After discharge, digoxin
was discontinued because of the inadvisable opinion of the parent. The infant had a 6-year-old
healthy brother and no history of tachycardia in his family. The mother of the infant was healthy
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during pregnancy, had no history of drug abuse, had no negative
family background or events, and delivered at the age of 32.
Admission examination of the infant revealed general conditions
of wellness, a heart rate of 128 beats/min (bpm) with normal
heart sound, regular cardiac rhythm and no heart murmur, as
well as warm extremities,no swelling of the liver, and no edema in
the lower limbs, and no abnormal results in the following routine:
electrocardiogram, echocardiography, myocardial injury and
serum electrolyte. After the family members signed the informed
consent form, the child underwent a transesophageal cardiac
electrophysiological examination. Due to recurrent tachycardia,
the child underwent TECEE after the informed consent was
signed by the parents.

After intravenous injection of Midazolam (0.2 mg/kg), the
patient was sedated. The 7F esophageal electrode was inserted
through the nose, and the DF-5A cardiac electrophysiological
stimulation system was used for transesophageal atrial pacing.

The infant was stimulated by atrial RS2 program. When the
program stimulus negative scan to the combined rhythm interval
was 130ms, the S2-R interval was not significantly prolonged,
and the wide QRS tachycardia of the left bundle branch block
was induced at 259 bpm (Figure 1). The QRS wave time limit
was 115ms, the RP interval measured by the esophageal lead
was fixed at 112ms, and the PR interval was 120ms. Sixteen
seconds later, the tachycardia suddenly changed to a regular
narrow QRS tachycardia of 306 bpm (Figure 2). The QRS wave
time limit was 66ms, and the P wave was inverted in lead I. The
esophageal lead measured the RP interval of 76ms and the PR
interval of 120ms. After capturing the atria with eight overspeed
stimuli with a frequency of 350 bpm, the tachycardia suddenly
stopped (Figure 3). There was no preexcitation pattern during
sinus rhythm and atrial pacing.

During hospitalization, tachycardia did not occur again
without special treatment. The infant was discharged after
respiratory tract infection was cured. After discharge, the parents
of the infant did not want him to take drugs for a long time
to prevent tachycardia but required close follow-up. Once the
tachycardia attack was found, it would be treated with drugs
in time. After 3 months of follow-up, there was no recurrence
of tachycardia.

DISCUSSION

Esophageal electrophysiological examination was adopted in
this infant. Wide QRS tachycardia was unexpectedly induced
during the programmed stimulation of atrial RS2, accompanied
by restlessness in the infant. We needed to make a differential
diagnosis immediately, especially to determine whether it was
ventricular tachycardia or antidromic atrioventricular reentrant
tachycardia, two wide QRS tachycardias that might quickly
lead to hemodynamic instability. The ECG waveform of each
lead was quickly observed. According to the four-step Brugada
rule (1), the tachycardia did not have “absence of an RS
complex in all precordial leads, no RS interval of the precordial
lead more than 100 min” and there was no atrioventricular
separation in the esophageal lead. According to the latest limb

lead rule (LLA rule) (2), the tachycardia did not meet any
of the following conditions: 1. monophasic R wave in lead
aVR; 2. predominantly negative QRS in leads I, II, III; and
3. opposing QRS complex in the limb leads. In addition,
the tachycardia was induced by atrial stimulation, and atrial
stimulation rarely induced ventricular tachycardia. Therefore,
the wide QRS complex tachycardia was insufficient evidence
for ventricular tachycardia. Reviewing the induction process,
there was no ECG waveform of ventricular preexcitation
during the sinus rhythm and atrial RS2 program stimulation,
so antidromic atrioventricular reentrant tachycardia could be
basically ruled out.

Wide QRS complex tachycardia lasted 16 s, it was too short
to take therapy, and the wide QRS tachycardia suddenly turned
into a regular, typical narrow QRS SVT. We were relieved and
then SVT was stopped by the conventional method of S1S1
overspeed stimulation.

We probed into this process of wide and narrow QRS
tachycardia carefully, and measured the esophageal lead
accurately, and found that the tachycardia was completely
accorded with the typical Coumel law, which was an important
electrocardiographic phenomenon.

The ECG manifestations of Coumel law mainly include the
following: 1. There are two types of QRS complex in patients
with orthodromic atrioventricular reentrant tachycardia: narrow
QRS complex (excitation normal descending ventricle) and wide
QRS complex (excitation descending with the left or right bundle
branch block). 2. It was suggested that the ipsilateral block bundle
branch of the accessory pathway, the prolongation of the RR
interval, was mainly the prolongation of the RP interval, but the
PR interval remained the same when the RR interval with the
bundle branch block was longer than that of narrow QRS wave
RR interval >35ms. It was suggested that the accessory pathway
was located on the opposite side of the bundle branch block if
the RR interval of the bundle branch block was equal to the RR
interval of the narrow QRS complex.

After zooming in the figure and slowing down the paper
speed to 50 mm/s, we accurately measured the ECG in the
esophageal lead. It was found that the RP interval was 112 ms
and the PR interval was 120 ms in the wide QRS tachycardia.
In the narrow QRS tachycardia, the RP interval was 76 ms
and the PR interval was 120 ms. Both wide and narrow QRS
tachycardia had the characteristics of RP interval less than the
PR interval and RP interval was more than 70 ms, which was
consistent with atrioventricular reentrant tachycardia. Further
analysis showed that from wide QRS tachycardia to narrow
QRS tachycardia, RP interval was shortened by 36 ms (more
than 35 ms), while PR interval was completely unchanged. The
change of QRS time limit was entirely due to the change of RP
interval, which was in full compliance with Coumel law. Because
Coumel law was only applicable to the bypass in the free wall
of the left or right ventricle, and in the wide QRS tachycardia
was a left bundle branch block pattern, the mechanism of wide
and narrow QRS tachycardia was orthodromic atrioventricular
reentrant tachycardia with or without the ipsilateral functional
bundle branch block, and the accessory pathway was defined as
the left free wall-concealed accessory pathway.
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FIGURE 1 | When atrial RS2 program stimulation reached 130min; the wide QRS tachycardia of the left bundle branch block was induced at 259 bpm.
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FIGURE 2 | Wide QRS tachycardia suddenly and automatically changed to narrow QRS tachycardia. After zooming in the image and slowing down the paper speed

to 50 mm/s, we measured the ECG in the esophageal lead. The RP interval was 112ms, and the PR interval was 120ms in wide QRS tachycardia, while the RP

interval was 76ms and the PR interval was 120ms in narrow QRS tachycardia.

In this case, a non-invasive cardiac electrophysiological
examination was performed for synchronous stimulation and
recording. The process of inducing, changing, and terminating
tachycardia and the characteristics of sudden abruptness were
fully displayed, and typical figures conforming to Coumel law
were collected. The RP and PR intervals of QRS complexes with
different widths and narrowness were accurately measured so as
to clarify the mechanism of tachycardia in the infant, locate the
accessory pathway, and determine the direction for the future
treatment of the infant.

Cardiac electrophysiological examination has important
value for the determination of electrocardiographic phenomena
(3, 4). Cardiac electrophysiological examination is divided into

intracardiac electrophysiological examination and TECEE.
The cases of wide QRS converted to narrow QRS tachycardia
reported in the literature were mostly confirmed by intracardiac
electrophysiological examination (5, 6). Compared with
intracardiac electrophysiological examination, TECEE is
simple, non-invasive, safe, inexpensive, and is especially
suitable for infants who are temporarily unsuitable for radio
frequency ablation.

TECEE can be carried out safely and effectively in infants and
even newborns (7), which has important value in the diagnosis of
supraventricular tachycardia and is worth promoting.

As far as we know, this is the first case report of automatic
conversion of wide QRS to narrow QRS tachycardia in an infant,
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FIGURE 3 | The tachycardia stopped abruptly after the atrium was captured by eight overdrive stimuli with a frequency of 350 bpm.
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and the pathogenesis has been confirmed by the non-invasive
examination method of TECEE.

CONCLUSION

Transesophageal cardiac electrophysiological examination can
actively induce some special electrophysiological phenomena,
which can be reasonably explained through the analysis of
esophageal lead. Its non-invasive nature makes it particularly
suitable for infants.
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