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Abstract

Background. The ST-segment is part of the electrocardiogram and physiologically, it forms an isoelectric
line. The ST-segment depression is often observed in young, healthy people with paroxysmal tachycardia
with narrow QRS complexes. In this group of patients, the ‘mysterious tachycardia-induced ST-segment
depression’, ‘subendocardial myocardial ischemia” and other not fully understood terms are used to explain
this phenomenon.

Objectives. To assess the presence and possible mechanisms of ST-segment depression during atrioventricu-
lar nodal reentrant tachycardia (AVNRT) in patients undergoing radiofrequency (RF) ablation of the underlying
arrhythmia.

Materials and methods. The study included 50 patients (35 women and 15 men) aged about 49 years
with clinically relevant paroxysmal narrow QRS complex tachycardia. During electrophysiological study (EPS),
all patients had measured QRS components — QR, RS and RJ during the tachycardia and during the sinus
rhythm. Al of the measurements were done in lead V5.

Results. There was a statistically significant difference in cycle length during sinus rhythm and tachycardia
(707.0 +137.8 ms compared to 327.5 £29.1 ms, p = 0.000), the RJ component (0.819 £0.381 mV compared
100.878 +0.376 mV, p = 0.003) and the difference RJ-QR (0.0810.083 mV compared to 0.163 £0.108 mV,
p = 0.000). The differences in RS and QR components during sinus rhythm and tachycardia did not reach
the statistical significance. The difference RJ-QR during tachycardia correlated negatively with tachycardia
cycle length (R = —0.39, p = 0.0049). The tachycardia cycle length correlated positively with the age
of the studied patients (R = 0.28, p = 0.043).

Conclusions. In patients with AVNRT, there is a ST-segment depression during the episodes of tachycardia
and the degree of this change is related to tachycardia cycle length. The most probable explanation of the ST-
segment depression is the overlap of the QRS complex on the preceded T wave. Some intrinsic properties
ofindividual electrocardiogram (ECG) also influence this phenomenon. The ischemic origin of the presented
ST-segment change can be excluded.
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Background

The ST-segment is a part of the electrocardiogram lo-
cated between the QRS complex and the T wave. There
are 2 types of ST-segment changes. First ones, depending
on repolarization, appear in the absence of depolariza-
tion changes of the action potential.2 The causes may
include ischemia, myocarditis, drugs and electrolyte dis-
turbances.>* The secondary changes of ST-segment are
related to the depolarization phase aberrations. They are
present in bundle branch blocks, ventricular pre-excitation
and ventricular QRS complexes including pacing. The ST-
segment changes constitute part of electrocardiogram
(ECQ) assessment for myocardial ischemia; therefore,
it is important to understand causes leading to the in-
correct interpretation and diagnosis.>® The ST-segment
changes could be observed in people with paroxysmal
narrow QRS complex tachycardia, with no overt evidence
of an ischemic heart disease.””?

In the atrioventricular nodal reentrant tachycardia
(AVNRT), we are concerned with a retrograde P wave,
which occurs within the QRS complex. Our hypothesis is
that if the tachycardia is rapid enough, the QRS complex
follows the preceded T wave, which in turn changes the ref-
erence point by raising the isoelectric baseline. An example
of such changes is presented in Fig. 1.

Objectives

The purpose of the study was to assess the presence and
possible mechanisms of ST-segment depression during
AVNRT in patients undergoing radiofrequency (RF) abla-
tion of the underlying arrhythmia.

J. Mercik et al. ST-segment depression in AVNRT

Materials and methods

The study included 50 patients (35 females and 15 males)
approx. 49 years old, presenting with a clinically rele-
vant paroxysmal tachycardia. In all studied individuals,
the electrophysiological testing was performed, the diag-
nosis of AVNRT was established and the arrhythmia was
successfully eliminated through RF ablation. The clinical
and demographic characteristics, as well as laboratory tests
are presented in Table 1.

Table 1. Clinical, demographic and biochemical characteristics of studied
patients

Parameters | Mean/number | SD/%
Age [years] 49.1 14.2
Sex (female) 35 70.0
Hypertension 22 44.0
Diabetes mellitus 8 16.0
Heart failure 1 20
Ischemic heart disease 2 4.0
Hemoglobin [g/dL] 14.0 14
K+ [mmol/L] 44 04
Glucose [mg/dL] 101.9 16.5
TSH [mIu/L 1.644 0918

SD - standard deviation; TSH — thyroid-stimulating hormone.

During electrophysiological study (EPS), the cycle
length of the sinus rhythm and tachycardia, as well
as the amplitudes of QRS components — QR, RS and
R]J during the tachycardia and during the sinus rhythm
with a paper speed of 200 mm/s and an enhancement
of x64—-128 were measured. The described measurements
of the particular QRS components in an exemplary pa-
tient with a pronounced ST-segment depression are de-
picted in Fig. 2.

Fig. 1. The example
of ST-segment
depressions during
atrioventricular nodal
reentrant tachycardia
(AVNRT) in selected
electrocardiogram
(ECG) leads in 40-year-
old male (CL - 279 ms,
delta STin lead

V5 - 0.641 mV).

Paper speed 50 mm/s
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Fig. 2. Measurements of the particular QRS components in an exemplary
patient. Panel A: sinus rhythm QR - 1.26 mV, RJ - 1.46 mV, RJ-QR - 0.20 mV,
panel B: tachycardia QR - 1.21 mV, RJ - 1.59 mV, RJ-QR - 0.38 mV

Statistical analysis

The statistical analysis was performed using the com-
puter program STATISTICA v. 13.3 (StatSoft Inc., Tulsa,
USA). For quantitative variables, basic descriptive sta-
tistics were calculated and the compliance of their dis-
tributions with the theoretical normal distribution was
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checked using the Shapiro—Wilk W test. Comparisons
were performed with the Wilcoxon signed-rank test for
dependent groups. The correlations between the studied
parameters were performed using Spearman’s rank cor-
relation coefficient. A value of p < 0.05 was considered
significant.

The study was approved by the local Bioethical Com-
mittee at Wroclaw Medical University (approval No. KB
213/2020).

Results

The electrocardiographic measurements in sinus rhythm
and tachycardia are presented in Table 2.

The tachycardia-related changes in patients with AVNRT
include the elevation of the reference point as indicated
by a diminished QR amplitude, as well as by the depres-
sion of the ] point. This influenced the difference R]-QR
resulting in the ECG ST-segment depression.

The difference RJ-QR during tachycardia negatively
correlated with the tachycardia cycle length (R = -0.39,
p = 0.0049). This relationship is depicted in Fig. 3.

Table 2. Electrocardiographic parameters in sinus rhythm and
atrioventricular nodal reentrant tachycardia (AVNRT)

Parameters

Sinus rhythm

Tachycardia p-value

Cycle length [ms] 707.0£137.8 327.5+29.1 0.000
QR [mV] 0.738 £0.315 0.715 £0.289 0.143
RS [mV] 0.982 £0.385 1.007 £0.386 0.375
RJ [mV] 0.819 £0.381 0.878 £0.376 0.003
RJ-QR [mV] 0.081 £0.083 0.163 £0.108 0.000

Fig. 3. Negative correlation between
the RJ-QR difference during tachycardia and
the tachycardia cycle length
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The tachycardia cycle length positively correlated with
the age of the studied patients (R = 0.28, p = 0.043), as de-
picted in Fig. 4.

To examine the individual intrinsic properties of ECG,
the correlation between RJ-QR in sinus rhythm and
RJ-QR in tachycardia was assessed. Those parameters
correlated with each other at high statistical significance
(R =0.8, p=0.000), as depicted in Fig. 5.

No correlation between the degree of ST-segment
changes and the age of the studied subjects was revealed.
The gender of the patients did not affect the studied pa-
rameters, nor did the laboratory parameters and comor-
bidities. The age distribution curve of the studied patients
was consistent with the Gaussian distribution.

J. Mercik et al. ST-segment depression in AVNRT

Fig. 4. Positive correlation between the tachycardia
cycle length and the age of the studied patients

Fig. 5. High positive correlation between RJ-QR
in tachycardia and RJ-QR in sinus rhythm

Discussion

In patients with paroxysmal supraventricular tachy-
cardias, the ST-segment depression is a common finding.
At first glance, ST-segment depression is an ischemia-
related change. Petsas et al. assessed the role and signifi-
cance of the ST-segment depression in supraventricular
tachycardia in terms of the coexistence of a myocardial
ischemia, utilizing an exercise test. Fifteen out of 16 sub-
jects with ST-segment depression during supraventricular
tachycardia had no changes on tests.!? In another study,
the concentration of troponin I and ST-segment depres-
sion were taken as indicators for myocardial damage. Non-
invasive examinations (myocardial scintigraphy, exercise
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echocardiography and exercise test) and coronary angiog-
raphy were used for confirmation. The authors concluded
that elevated troponin I levels and the ST-segment depres-
sion are not significant markers of myocardial damage
in patients with paroxysmal tachycardia.!!

In many studies, the duration of an arrhythmia episode
is not associated with an increase in troponins. However,
in the case of longer-lasting tachycardia, the instabil-
ity of the circulation may occur, resulting in troponin
release !2-1

During the exercise-related sinus tachycardia, there
is a gradual QT-interval shortening, which is associated
with adrenergic activation. It is not a linear process, but
according to the latest research there is a type of hysteresis
in which, when accelerating, the heart shortens the QT-
interval depending on the heart rate, first slowly, then
increasingly faster. After the exertion, the QT-interval
lengthens more slowly at first, then it gets faster until
it returns to the primary duration. This phenomenon oc-
curs because of the slow responsiveness of QT-interval
to changes in the heart rate.!>® The patient’s gender also
constitutes an important aspect that may affect the QT
length. It has been proven that women of a given age have
a significantly longer corrected QT-interval than men.
Additionally, the correlation between the change in the QT-
interval and a patient’s age was demonstrated. The older
the patient is, the shorter the QT-interval gets.1”18

The activation of the sympathetic system leads to the ac-
celeration of the heart rate, decrease of the PR interval,
the ST-segment depression and, in some cases, to the inver-
sion of the T waves, while the parasympathetic activation
slows down the heart rate and elevates the ST-segment."
It was also observed in some healthy people. Their base-
line ECG was showing slight changes in the ST-segment
(<1 mm), often referred to as nonsignificant. This is in line
with our results, as the initial J-point depression correlated
with depression during tachycardia.

The ST-segment changes could be caused by projection
of the retrograde P wave onto the ST-segment, more com-
mon in patients with atrioventricular reentrant tachycar-
dia, due to longer ventriculoatrial interval (usually exceed-
ing 100 ms). In AVNRT, the interval is usually below 70 ms,
affecting only the QRS complex.?

The most probable explanation
of the findings

In our study group, the myocardial ischemia was un-
likely to occur, due to the short-lasting arrhythmia par-
oxysms, relatively young age of the subjects and lack
of patients’ complaints. In AVNRT, the overlapping of ret-
rograde P waves could not be explained. The most prob-
able reason of the ST change is the overlapping of R wave
on the preceded T wave with shortening of QT-interval
with tachycardia, and something that could be referred
to as intrinsic characteristics of ECG. This combination
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might be explained by our results: a decrease of the ampli-
tude of the QR component concomitantly with an increase
of the RJ component, and a strong correlation between
initial RJ-QR and tachycardia RJ-QR differences. Those
conclusions are further supported by the correlation be-
tween the ST-segment depression and the tachycardia cycle
length, as well as by the correlation between this last pa-
rameter and the age. As the tachycardia gets slower with
age while the ST-depression is not related to age, the ST-
segment depression in those settings is purely electrocar-
diographic and not an ischemic one.

Limitations

The study is observational, hence the causality cannot
be directly derived from the results. The study group was
relatively small. The mechanisms of ST-segment depres-
sion could also be different across the age groups. All these
factors could have influenced the obtained results. Never-
theless, it does not make our conclusions less important.

Conclusions

1. In patients with AVNRT, the ST-segment is lowered
during the episodes of tachycardia, and the degree of this
change is related to the tachycardia cycle length.

2. The most probable explanation of the ST-segment de-
pression is the overlapping of the QRS complex on the pre-
ceded T wave.

3. Some intrinsic properties of an individual ECG have
been observed to be influential in this aspect.
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