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Abstract: To establish an appropriate treatment strategy and determine if
ablation is indicated for patients with narrow QRS complex supraventri-
cular tachycardia (SVT), analysis of a standard 12-lead electrocardiogram
(ECQ) is required, which can differentiate between the 2 most common
mechanisms underlying SVT: atrioventricular nodal reentry tachycardia
(AVNRT) and orthodromic atrioventricular reentry tachycardia
(OAVRT). Recently, new, highly accurate electrocardiographic criteria
for the differential diagnosis of SVT in adults were proposed; however,
those criteria have not yet been validated in a pediatric population.

All ECGs were recorded during invasive electrophysiology study of
pediatric patients (n=212; age: 13.2 £+ 3.5, range: 1-18; girls: 48%). We
assessed the diagnostic value of the 2 new and 7 standard criteria for
differentiating AVNRT from OAVRT in a pediatric population.

Two of the standard criteria were found significantly more often in
ECGs from the OAVRT group than from the AVNRT group (retrograde P
waves [63% vs 11%, P < 0.001] and ST-segment depression in the II, I1I,
aVF, V1-V6 leads [42% vs 27%; P < 0.05]), whereas 1 standard criterion
was found significantly more often in ECGs from the AVNRT group than
from the OAVRT group (pseudo ' wave in VI lead [39% vs 10%,
P < 0.001]). The remaining 6 criteria did not reach statistical significance
for differentiating SVT, and the accuracy of prediction did not exceed
70%. Based on these results, a multivariable decision rule to evaluate
differential diagnosis of SVT was performed.
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These results indicate that both the standard and new electrocardio-
graphic criteria for discriminating between AVNRT and OAVRT have
lower diagnostic values in children and adolescents than in adults. A
decision model based on 5 simple clinical and ECG parameters may
predict a final diagnosis with better accuracy.

(Medicine 94(51):¢2310)

Abbreviations: AT = atrial tachycardia, AVNRT = atrioventricular
nodal reentry tachycardia, BPM = beats per minute, CA = catheter
ablation, ECG = electrocardiogram, EPS = electrophysiological
study, HR = heart rate, OAVRT = orthodromic atrioventricular
reentry tachycardia, PK = Piotr Kukla, SMS = Sebastian Stec, SR =
sinus thythm, SVT = supraventricular tachycardia.

INTRODUCTION

he primary diagnoses in the differential of regular narrow
QRS complex supraventricular tachycardia (SVT) in chil-
dren and adolescents are atrioventricular nodal reentry tachy-
cardia (AVNRT) and orthodromic atrioventricular reentry
tachycardia (OAVRT). Analysis of a standard 12-lead electro-
cardiogram (ECGQG) is the first step toward determining treatment
strategy, which may include choice of antiarrhythmic drugs,
invasive procedure (radiofrequency catheter ablation [CA] vs
cryoablation), selection of ablation center, and selection of an
interventional cardiologist.!®
In 2009 and 2011, new electrocardiographic criteria for the
differential diagnosis of SVT were reported to be highly
accurate in adult populations. These criteria, which include
the presence of a positive r’ deflection in lead aVR during SVT
which is absent during the sinus rthythm (SR) and notch of the
QRS complex in lead aVL during SVT but not during the SR
have not yet been tested and validated in a pediatric popu-
lation.> The purpose of this multicenter study was to deter-
mine the value of the standard and new ECG criteria for the
differential diagnosis of SVT in children and adolescents under
18 years of age who already underwent CA.

MATERIALS AND METHODS

The study included 219 consecutive pediatric patients
(including those with AVNRT, OAVRT or atrial tachycardia
[AT]) who underwent an electrophysiological study (EPS) and
CA between January 2010 and December 2013. Patients pro-
vided written informed consent, and a local institutional review
board approved the study, which complied with the Declaration
of Helsinki. Patient ECGs were recorded at 3 different medical
centers and retrospectively evaluated. In addition to the AVNRT
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and OAVRT groups, 7 ECGs that showed AT with 1 to 1
conduction were included in the evaluation but not in the
statistical data. All patients on antiarrhythmic drugs discontin-
ued them at least 5 half-lives prior to their planned EPS and
ablation procedure. During EPS, arrhythmia was induced by
pacing or medications if it had not occurred spontaneously.
Patients with pre-excitation on the ECG during SR as well as
those with atrial flutter, atrial fibrillation, and structural heart
disease were excluded from the study. The mechanism of SVT
was precisely established during EPS and then confirmed by the
performance of a successful ablation.

The 12-lead ECGs were recorded during EPS using an
electrophysiological recording system (EP-Tracer, CardioTek,
Maastricht, The Netherlands and BARD Lab System, Lowell,
MA). All ECGs were recorded at a paper speed of 25 or 50 mm/s
with a gain of 10 mm/mV. Standard filter settings of 0.5 and
1000Hz were used. A non-preexcitadat SR or SVT was
recorded for at least 10s or 10 beats at the beginning of
every ECG.

Each ECG was analyzed for the presence of the standard
and new electrocardiographic criteria. The standard criteria
were: the presence of retrograde P waves wave in the ST
segment in >1 lead (Fig. 1); T wave inversion defined as a
change in polarization of a T wave for >1mm in >1 lead
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FIGURE 1. A patient with OAVRT with retrograde P waves in lead
Il and aVF (7), ST-segment elevation in aVR (#), ST-segment
depression in lead Il and V4-V5 ("), and T wave inversion in lead
Il and V1 (&). OAVRT =orthodromic atrioventricular reentry
tachycardia, SR =sinus rhythm.
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(Fig. 1); QRS alternans defined as a beat-to-beat oscillation in
QRS amplitude for >1 mm in >1 lead during SVT; horizontal or
upsloping ST-segment depression >2 mm for >80 ms at the J
point in leads II, III, aVF, or V1-V6 (Fig. 1); horizontal or
upsloping ST-segment elevation >1 mm at the J point or down-
sloping ST-segment elevation >1.5mm at the J point for
>80ms in lead aVR (Fig. 1); pseudo r' wave defined as an r’
wave in V1 present during SVT but absent during the SR
(Fig. 2); and the presence of pseudo s’ wave defined as an s
wave present during SVT but absent during the SR in leads II,
III, or aVF (Fig. 2). The new criteria were the presence of a
pseudo r’ wave defined as an r’ wave in lead aVR present during
SVT but absent during the SR (Fig. 2) and an aVL notch defined
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FIGURE 2. A patient with AVNRT with pseudo ' wave in V1 (), ¢
wave in aVR ("), aVL notch (&), and the presence of an s wave in
sinus rhythm and SVT (#). AVNRT =atrioventricular nodal reentry
tachycardia, SR=sinus rhythm.
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as a positive deflection at the end of a QRS complex in lead aVL
that is present during SVT but absent during SR (Fig. 2).

The ECGs were assessed by 2 adult cardiologists special-
ized in arrhythmia management (Sebastian Stec [SMS] and
Piotr Kukla [PK]), 2 pediatric cardiologists [Leslaw Szydlowski
[LS] and Aleksandra Morka [AM]), and 2 medical students
(Karol Deutsch [KD] and Marcin Gubaro [MG]). All research-
ers were blinded to the mechanism of SVT and the ablation
results. The researchers were asked to specify the most likely
mechanism of SVT for each ECG based on their clinical
judgment. Data from 2 adult cardiologists (SMS and PK)
were included into the final evaluation of the diagnostic per-
formance of ECG criteria. Although age and sex were not ECG
criteria those data were included in the evaluation as basic
patient information.

Statistical Methods

Continuous variables were presented as means and stan-
dard deviations. Categorical variables were presented as counts
and percentages. The equality of 2 independent proportions was
tested using exact Chi-square test. The performance of binary
decision rules was described using diagnostic accuracy, sensi-
tivity, specificity, positive predictive value, negative predictive
value, likelihood ratio of a positive test, and likelihood ratio of a
negative test (with 95% confidence intervals). The “‘multivari-
able decision rule” was developed using logistic regression.
Statistical analysis was performed using a “BDTcomparator”
program and R 3.0 9,10. P-values <0.05 were considered to
indicate statistically significant results.

In-depth statistical analysis was performer only on the
ECGs of patients with AVNRT and OAVRT as they are the most
common mechanisms of SVT in the pediatric population.”'°

RESULTS

Of the 212 ECGs showing SVT, 97 (46%) were due to
AVNRT and 115 (54%) were due to OAVRT. Forty-eight
percent of the patients were female, and the mean age was
13.2 + 3.5 years (range 1—18 years). In the AVNRT group, 54%
of the patients was female (mean age, 13.6 & 3.3) and 44% of
the patients were female in the OAVRT group (mean age,
12.6 £3.8). In both groups gender were not statistically sig-
nificantly different (P =0.188). In the AT group, 43% of the
patients were female (mean age, 14.9 +1.5). Mean heart rate
(HR) in the OAVRT group was 191 +25.9 beats per minute
(BPM), in the AVNRT group 189 £33.8 BPM and in the AT
group 187 £49.9 BPM.

Of the 7 standard criteria evaluated for the differential
diagnosis of SVT, 1 were found significantly more often in the
AVNRT group than in the OAVRT group (pseudo ' wave in
V1) and 2 were found significantly more often in the OAVRT
group than in the AVNRT group (retrograde P waves, and ST-
segment depression) (Table 2). Retrograde P waves were found
in 63% of the patients in the OAVRT group and 11% in the
AVNRT group, ST-segment depression was found in 42% of
the patients in the OAVRT group and 27% in the AVNRT
group, and pseudo ' wave in V1 were found in 10% of the
patients in the OAVRT group and 39% of the AVNRT group.
The other standard criteria were not valuable for differentiating
between AVNRT and OAVRT in children as they are in adult
(Table 1).*® The number of new criteria found in each group
was similar and show no statistical differences. The occurrence
of a pseudo s’ wave was similar in the SR and SVT, found in
69% of AVNRT cases and 70% of OAVRT cases. Conversely,
an ' wave in the aVR lead was present in 83% of AVNRT
patients and 77% of OAVRT patients in the SR.

Table 2 shows the diagnostic accuracy, sensitivity, speci-
ficity, positive predictive value, negative predictive value,
likelihood ratio of a positive test and likelihood ratio of a
negative test for all ECG criteria as well as age (age <11 vs
age =>11), gender (male vs female), HR (HR between 160 and
230 vs HR below160 or above 230 BPM), and the multivariable
decision rule.

Following the univariate analyses the multivariable
decision rule (or JUNIOR SVT SCORE) to evaluate the
differential diagnosis of SVT was developed. The algorithm
uses age, HR, and the presence of: retrograde P waves, ST-
segment depression, and pseudo 1’ wave in V1 as predictors.
Results of more than 1 point indicate OAVRT and results of 1
or less points indicate AVNRT (Table 3). In the study popu-
lation a result of —2 occurred in nine cases (89% AVNRT, 11%
OAVRT), a result —1 occurred in 19 cases (100% AVNRT,
0% OAVRT), a result 0 occurred in 12 cases (83% AVNRT,
17% OAVRT), a result 1 occurred in 53 cases (70% AVNRT,
30% OAVRT), a result 2 occurred in 21 cases (43%
AVNRT, 57% OAVRT), a result 3 occurred in 21 cases
(33% AVNRT, 67% OAVRT), a result 4 occurred in 45 cases
(12% AVNRT, 87% OAVRT), a result 5 occurred in 18
cases (6% AVNRT, 94% OAVRT), a result 6 occurred in
11 cases (0% AVNRT, 100% OAVRT), aresult 7 occurred in 3
cases (0% AVNRT, 100% OAVRT).

Among the reviewers, the highest percentage of correct
diagnoses of the SVT mechanism based on ECG criteria was
approximately 60% in the OAVRT group obtained by SMS,

TABLE 1. Electrocardiographic Characteristics of the Study Populations

Criteria AVNRT N =97 OAVRT N=115 P Value
Retrograde P waves 11 63 <0.001
QRS alternans 30 29 0.880
T wave inversion 31 31 1.000
ST-segment depression in II, III, aVF, V1-V6 lead 27 42 0.030
ST-segment elevation in aVR lead 40 50 0.167
Pseudo ' wave in V1 39 10 <0.001
Pseudo s’ wave in I, III and aVF leads 7 10 0.626
' wave in aVR lead 2 6 0.185
aVL notch 25 25 1.000

Data are % for each criterion. AVNRT = atrioventricular nodal reentry tachycardia, OAVRT = orthodromic atrioventricular reentry tachycardia.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Accuracy, Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, Likelihood Ratio of a Positive Test, and Likelihood Ratio of a Negative Test of the
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0.412 (0.320; 0.530)
0.995 (0.829; 1.193)

5.598 (3.155; 9.932)
1.012 (0.677; 1.513)

0.887 (0.806; 0.942) 0.869 (0.778; 0.933) 0.672 (0.583; 0.752)

0.691 (0.589; 0.781)

0.635 (0.540; 0.723)
0.313 (0.230; 0.406)
0.287 (0.206; 0.379)
0.417 (0.326; 0.513)
0.104 (0.055; 0.175)

0.750 (0.686; 0.807)
0.486 (0.417; 0.555)

Retrograde P waves

0.459 (0.376; 0.543)

0.545 (0.418; 0.669)

T wave inversion
QRS alternans

0.701 (0.600; 0.790) 0.532 (0.401; 0.660) 0.453 (0.372; 0.537) 0.960 (0.631; 1.460) 1.017 (0.855; 1.211)

0.732 (0.632; 0.817)

0.476 (0.408; 0.546)
0.561 (0.492; 0.629)
0.335 (0.272; 0.403)
0.547 (0.478; 0.615)

0.796 (0.654; 0.968)

1.557 (1.051; 2.308)
0.266 (0.148; 0.481)
1.254 (0.927; 1.698)
2.952 (0.628;13.882)
1.019 (0.638; 1.628)
1.325 (0.534; 3.287)
3.735 (2.532; 5.511)

0.514 (0.428; 0.600)
0.364 (0.290; 0.443)
0.504 (0.410; 0.599)

0.649 (0.529; 0.756)

ST-segment depression

1.473 (1.240; 1.748)
0.829 (0.648; 1.060)

0.240 (0.131; 0.382)

0.608 (0.504; 0.706)
0.598 (0.493; 0.696)

Pseudo r’ wave in V1

0.598 (0.493; 0.696)
0.778 (0.400; 0.972)
0.547 (0.404; 0.684)
0.611 (0.357; 0.827)
0.816 (0.732; 0.882)

0.504 (0.410; 0.599)

ST-segment elevation in aVR

' wave in laVR

aVL notch

0.959 (0.908; 1.013)

0.061 (0.025; 0.121) 0.979 (0.927; 0.997) 0.468 (0.398; 0.539)
0.753 (0.655; 0.835)

0.481 (0.412; 0.551)

0.994 (0.850; 1.161)

0.459 (0.380; 0.540)
0.464 (0.392; 0.537)

0.252 (0.176; 0.342)
0.096 (0.049; 0.165)

0.481 (0.412; 0.551)

0.975 (0.899; 1.057)

0.928 (0.857; 0.970)
0.784 (0.688; 0.861)

0.476 (0.408; 0.546)
0.797 (0.737; 0.849)

Pseudo s’ wave

0.244 (0.165; 0.361)

0.776 (0.680; 0.854)

0.809 (0.725; 0.876)

Multivariable decision rule

orthodromic atrioventricular reentry tachycardia.

All results are presented as values with 95% confidence intervals (in parentheses). AVNRT = atrioventricular nodal reentry tachycardia, OAVRT

TABLE 3. Multivariable Decision Rule (JUNIOR SVT SCORE) to
Differentiate Between OAVRT and AVNRT

Criteria Points
Age under 11 years old +2
HR from 160 to 230 BPM +1
Presence of retrograde P waves +3
Presence of ST-segment depression +1
Presence of I’ wave in V1 -2

Results of more than 1 point indicate OAVRT and results of 1 fewer
points indicate AVNRT. Retrograde P waves, the presence of retrograde
P waves in >1 lead; ST-segment depression, horizontal or upsloping
ST-segment depression >2 mm for >80 ms at the J point in leads II, 111,
aVF, or V1-V6; r’ wave in V1, pseudo ' wave defined as an r' wave in
V1 present during the SVT but absent during the sinus rhythm.
AVNRT =atrioventricular nodal reentry tachycardia, BPM = beats
per minute, HR =heart rate, OAVRT = orthodromic atrioventricular
reentry tachycardia.

AM and MG, and 73% in the AVNRT group obtained by PK.
The rest of the reviewers made correct diagnoses approximately
50% of the time for each group (Table 4). Only 2 reviewers
correctly identified AT, but both identified it in only 1 of the
7 cases.

DISCUSSION

To our knowledge, this is the largest study, in terms of the
number of patients and reviewers, to identify the criteria
associated with the differential diagnosis of SVT in the pediatric
population. Moreover, a clinically useful algorithm was devel-
oped to provide practicioners with simple and accurate method
for the differential diagnosis of AVNRT and OAVRT.

This study demonstrated that 3 of the 7 standard criteria
(retrograde P waves, ST-segment depression, and r’ wave in V1)
are valuable for distinguishing AVNRT-associated SVT from
OAVRT-associated SVT in a pediatric population. Differences
between children and adults such as smaller chest size, right
ventricular domination (especially in the youngest patients),
fast retrograde activation via the fast pathway, and a smaller

TABLE 4. Correct Clinical Diagnosis of SVT, and AT Performed
by Each Evaluator

OAVRT AVNRT AT
Evaluators (n=115) n=97) n=7)
SMS 60 44 14
PK 57 73 14
LS 38 52 0
AM 63 62 0
KD 52 52 0
MG 63 29 0

Data are % for each evaluator. AM = Aleksandra Morka, AT = atrial
tachycardia, AVNRT =atrioventricular nodal reentry tachycardia,
KD = Karol Deutsch, LS = Leslaw Szydlowski, MG = Marcin Gubaro,
OAVRT = orthodromic atrioventricular reentry tachycardia, PK = Piotr
Kukla, SMS = Sebastian Stec, SVT = supraventricular tachycardia.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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distance between chest structures may be responsible for the
low value of ECG criteria in children compared to adults.'!
Using the ECG criteria in the setting of the clinical examin-
ation and patient history might increase the odds of correctly
diagnosing the mechanism of SVT in children using ECG
criteria. In addition, the use of noninvasive methods of
ECG monitoring over a prolonged period, such as a Holter
monitor or tele-ECG, might increase the odds of making a
proper diagnosis.

A previous study of ECG criteria in a pediatric population
found that retrograde P waves and ST-segment elevation in aVR
were found more frequently in OAVRT, and a pseudo r’ wave in
V1 was found mostly in AVNRT. This study also showed the high
value of ST-segment depression for the differential diagnosis of
SVT, which was not noted in previous studies. These different
results may have been due to the larger test group and lower
average mean age'; however, none of these criteria had the same
sensitivity and specificity reported in the adults.?~®

The low prevalence of the pseudo s’ wave criteria in this
study coincided with a high prevalence of s waves in both the
SR and SVT (Figs. 1 and 2). This was not noted in previous
studies of this kind in a pediatric population.' Similar findings
were seen with the r' wave in aVR criteria (Fig. 1); however,
this is the first study evaluating these criteria in a
pediatric population.

Of all the possible standard and new criteria for the
differential diagnosis of SVT, only 3 criteria were useful when
only the ECG during tachycardia was used to diagnose the
mechanism of SVT. These criteria are retrograde P waves, ST-
segment elevation in aVR, and ST-segment depression. Most of
them were accurate for the identification of OAVRT, and they
might be useful in situations when SVT onset is acute in a
nonmedical setting.

In both the OAVRT and AVNRT groups, the reviewers in
our study missed more diagnoses than in previous adult and
pediatric studies.'*® Compared to the results of previous studies
in pediatric populations, our results might be more authentic due
to our study having a larger study population. The missed
diagnosis of AT might be because it is less common than AVNRT
and OAVRT, and there are no specific 12-lead ECG criteria to
identify AT when a 1:1 atrial to ventricular ratio is present.

Recent study in the differential diagnosis of wide QRS
tachycardia shows that using a scoring system increases the
chance that a reviever will correctly diagnose arrhythmia
compared to algorithms systems, suggesting that diagnosis
based on our JUNIOR SVT SCORE will be more reliable than
previously reported algorithms."!?

Differentiation between AVNRT and OAVRT based on
ECG before performing CA might allow electrophisologist to
prepare for different approaches, and reduce cost of the
additional catheters and resources. Experience with simplified
2-catheter procedure with a non-fluoroscopic approach have
reduces the need for lead-apron for medical staff and fluoro-
scopic exposure to less than 5% of cases with AVNRT.'"
Transseptal puncture in left-sidled OAVRT may require more
expertise in retrograde access or transseptal puncture, and some
centers will prefer cryoablation for AVNRT.

Our study has several limitations. First, although we
investigated the standard and new criteria for the differential
diagnosis of SVT, we only investigated 2 of the possible
mechanisms of SVT (AVNRT and OAVRT), excluding other
mechanisms such as AT due to the low number of cases. Only
short episodes of SVT (usually within the first minute of
tachycardia induction) recorded in the EP lab was evaluated.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

CONCLUSIONS

Visible P waves in the ST segment, ST-segment depression
inII, 1L, aVF, and V1-V6, as well as pseudo-r’-waves in lead V1
are valuable for the differential diagnosis of SVT by ECG in a
pediatric population; however, the new ECG criteria showed
only limited diagnostic ability in the pediatric population.
Unfortunately, the overall diagnostic ability of all ECG criteria
for determining the mechanism of SVT in children and ado-
lescents was very low despite the use of an adult cardiologist,
pediatric cardiologist, and medical students as reviewers. The
need for a simple, accurate tool to determine the differential
diagnosis remains. In addition, an algorithm for the diagnosis of
SVT in children and adolescents is yet to be developed. Based
on the results of this study, a multivariable decision rule
(JUNIOR SVT SCORE) for the differential diagnosis of
SVT in a pediatric population will be validated.
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