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Summary

Aim: To evaluate the usefulness of interpretation of 12-lead ECGs recorded 

during tachycardia and history taking to differentiate AV nodal reentrant 

tachycardia (AVNRT) from AV reentrant tachycardia (AVRT). Knowledge of 

tachycardia mechanism is crucial for counselling patients before ablation 

about success rates and complications.

Methods: Part one: three cardiologists on different training levels as-

sessed  

49 ECGs recorded during tachycardia in a blinded mode. Diagnosis of 

AVNRT or AVRT was given based solely on the ECG without knowledge  

of clinical setting. Part two: 55 patients filled out a questionnaire with  

10 questions related to trigger factors, relief and concomitant symptoms 

of attacks, frequency of occurrence and familial clustering. Single ques-

tions and combinations were analysed for their ability to predict AVNRT or 

AVRT.

Results: Overall, 59% of the ECGs were correctly assigned. AVNRT was 

more often identified than AVRT (76% versus 28%, p-value <0.05). There 

was no significant difference between the three physicians. Questions per-

taining to termination by means of the Valsalva manoeuvre or to occur-

rence of syncope were significantly predictive for AVNRT and AVRT, re-

spectively, but both questions were answered positively by fewer than 

50%. However, a combination of negative answers to three specific ques-

tions (no coincidence with psychic stress, no fainting and no “frog sign”) 

was significant and clinically meaningful for diagnosis (69% for AVRT, 33% 

for AVNRT, p-value 0.03).

Conclusion: Detailed analysis of an ECG registered during tachycardia and 

specific history taking can help to differentiate between AVNRT and AVRT, 

but the obtained reliability was only moderate.
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verted P-wave at the tail of the QRS complex. In AVRT 
with strictly retrograde conduction (orthodromic 
AVRT, “concealed” pathway), the P-wave is usually sep-
arated from the QRS complex, but may also be “buried” 
in the T-wave [3]. Although AVNRT can usually be ab-
lated via a right-sided approach, >50% of AVRT abla-
tions target left-sided pathways [4]. This necessitates 
transseptal puncture or, in some cases, can entail 
retrograde access through the aorta and the aortic 
valve. Both procedures are associated with rare, but 
potentially severe complications. 
Counselling patients before RFA should involve infor-
mation about success rates as well as complications. 
Therefore, it would be helpful to guess already before 
RFA which type of reentry is most likely present in a 
given patient. In those cases where a 12-lead ECG has 
been recorded during tachycardia, thorough interpreta-
tion of the ECG can guide the suspected diagnosis to-
wards one of the aforementioned entities [3]. The same 
could hold true for certain symptoms and circum-
stances before and/or during the attacks [5]. 
The aim of the study was to evaluate the usefulness of 
careful interpretation of a 12-lead ECG recorded during 
tachycardia and specific history taking to differentiate 
between AVNRT and AVRT.

Methods

The study consisted of two parts. In the first part we an-
alysed how unerringly AVNRT can be distinguished 
from AVRT based only on the 12-lead ECG recording of 
the tachycardia. From the database of the University 
Hospital of Basel, patients who underwent RFA for a 
reentrant tachycardia between October 2011 and July 
2013 were screened. One of the authors (J.S.) identified 
116 patients with a definite diagnosis of either AVNRT 
or orthodromic AVRT, as it was noted in the ablation 
protocol. In 50 patients, a 12-lead ECG recorded during a 
previous arrhythmia episode could be extracted from 
the charts by one of the authors (J.S.) and included in 
the analysis. All 50 ECGs were then presented in a 

Radiofrequency catheter ablation (RFA) is recom-
mended as treatment of choice in patients with symp-
tomatic atrioventricular nodal reentrant tachycardia 
(AVNRT) or orthodromic AV reentrant tachycardia 
(AVRT) [1, 2]. Typical AVNRT has the electrocardio-
graphic feature of a regular narrow complex tachy
cardia (unless there is a preexisting or rate dependent 
bundle branch block) without a visible P-wave or an in-
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Q1 Did you have attacks on exertion? 

Q2 Did you have attacks in coincidence with psychic stress (e.g. fear, affright)? 

Q3 Did you have attacks in coincidence with emotional stress (happiness, grief)? 

Q4 Are there any triggers as e.g. stooping or lifting up boxes? 

Q5 Can you stop the attacks with the so-called Valsalva manoeuvre (breathing out through a 

closed mouth/nose, drinking cold water, abdominal press)? 

Q6 Do you have relatives who suffer from similar attacks? 

Q7 Did the attacks become worse and occur more often over the last years? 

Q8 Did you ever faint or experience near-fainting during an attack? 

Q9 Did you experience the so-called “frog sign” during the attacks (pulsations in the region of 

your neck)? 

Q10 Did the attacks worsen during pregnancy (women only)? 

Figure 1: Translation of the questionnaire (originally in German).

blinded way to three physicians on a different training 
level: to an attending electrophysiologist (B.S.), to a fel-
low working in the electrophysiology unit (F.R.) and to 
a fellow with a specific interest in ECGs of patients with 
tachycardias (S.G.). To reach a diagnosis of AVNRT, S.G. 
used meticulously specific criteria that she took from 
the guideline paper [1]. They included a short RP inter-
val of <70 ms, presence of a pseudoR in V1, a pseudoS in 
V1 or the inferior leads and a P-wave duration of 
<40 ms. However, individual decisions were taken as 
well. B.S. and F.R. made their diagnosis to the best of 
their knowledge probably with implicit application of 
some features just mentioned. Of note, no flow chart 
was given to the three physicians. Some of the features 
mentioned will be discussed with the three tutorial 
ECGs in figures 2–4. All had to choose a diagnosis of ei-
ther AVNRT or AVRT based solely on the ECG. They were 
unaware of the correct diagnosis, age, gender and 
symptoms of the patients.
In the second part, we examined whether AVNRT can 
be distinguished from AVRT on the basis of symptoms 
and the circumstances of the tachycardia. For this pur-
pose, we used a questionnaire with 10 short questions. 
As there are no existing questionnaires to date, a new 
one was developed based on the long-standing per-
sonal experience (B.S.) in history taking in such pa-
tients. Questions related to trigger factors, relief and 
concomitant symptoms of the attacks, frequency of 
occurrence and familial clustering. The questionnaire 

is shown in an English translation in figure 1. The first 
5 questions could be answered with virtually ever; by 
the majority; by the minority; hardly ever. The questions 
6 to 10 could be answered with yes or no. At first we 
recruited patients on the day of RFA when they were 
asked by a study nurse whether they wanted to partici-
pate and complete the questionnaire. All patients were 
advised that the questionnaire was voluntary and 
would not affect their treatment in any way. Due to 
poor return up to September 2013, we then decided to 
include also patients retrospectively and thus sent the 
questionnaire in September 2013 and again in Decem-
ber 2013 to 108 consecutive patients who had had a RFA 
between November 2012 and December 2013. We were 
able to analyse 55 completed questionnaires and link 
them to the corresponding diagnosis. As the number 
of returned questionnaires was too low to analyse 
four different answer categories, we divided the an-
swers into a positive and a negative response group. 
Response options virtually ever and by the majority 
were grouped to “positive” and by the minority and 
hardly ever to “negative”.
The statistical analyses were made using Office Excel 
2011, “JMP 11” and “R”. For the calculation of statistical  
significance of the ECG analysis the kappa coefficient 
was calculated. This coefficient indicates, if >0, that 
the judgments of the three physicians were better than 
if they had taken their decisions at random. The kappa 
coefficient takes into account the frequencies of the dif-
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Figure 3: Tutorial ECG 2. In this ECG showing a regular narrow complex tachycardia with a heart rate of 150 beats/min, the  

responses were nonhomogeneous. No clearly discernible P-wave is present at first sight. However, closer analysis of the T-

wave (lead III) shows a “bump” corresponding to a relatively narrow inverted P-wave. Based on the longer VA-time, consistent 

with retrograde conduction via an accessory pathway, two out of three ECG readers suspected the correct diagnosis of AVRT. 

However, it should be noted that atrial tachycardia or atypical AVNRT with slow retrograde conduction are not ruled out by the 

finding of the described P-wave.

 

Figure 2: Tutorial ECG 1. This ECG shows a fast narrow complex tachycardia with a heart rate of 205 beats/min. The differential 

diagnosis includes AVNRT, AVRT and ectopic atrial tachycardia. A narrow P-wave is visible at the tail of the QRS complex, best 

seen in V1 (pseudo rSr’), but also in the inferior leads and in aVR. The presence of a P-wave at the end of the QRS complex cor-

responds to a very short ventriculo-atrial conduction (short VA-time) and suggests AVNRT. Such a short VA-time is not compat-

ible with AVRT because retrograde conduction over an accessory pathway is not that rapid. However, atrial tachycardia is not 

ruled out. In this case, all three ECG readers had the correct diagnosis, most likely due to the ECG clue of the short VA-time.
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Results

ECG analysis
From the 50 ECGs, we excluded 1 ECG of an ectopic 
atrial tachycardia that was erroneously included into 
the series. We thus assessed a total of 49 ECGs. Of these,  
31 were recorded in patients with AVNRT and 18 in 
patients with AVRT. 
Overall, 59% of the ECGs were correctly assigned. 
AVNRT was more often correctly identified than AVRT 
(76% vs 28%, p-value <0.05). There was no significant 
difference between the three physicians. B.S. was cor-
rect in 59% overall, with 77% of AVNRT ECGs and 28% of 
AVRT ECGs. F.R. was correct in 55% overall, with 74% of 
AVNRT ECGs and 21% of AVRT ECG. S.J. was correct in 
61% overall, with 77% of AVNRT ECGs and 33% of AVRT 
ECG. Twelve of 31 AVNRT ECGs (39%) were correctly as-
signed by all three physicians and 3 (10%) incorrectly 
by two. The remaining 16 AVNRT ECGs were correctly 
assigned by two physicians in diff erent combinations. 
A correct diagnosis was less frequently assigned for 
AVRT ECGs. In only 5 of 18 AVRT ECGs (28%), all three 
physicians made the correct diagnosis. In 8 AVRT ECGs 
(44%), all three were wrong. The remaining 5 AVRT 
ECGs were in each case assigned correctly by only one 
physician. The following kappa values ​and 95% confi-
dence intervals were calculated: B.S. 0.49 (0.24–0.74); 
F.R. 0.5 (0.25–0.74); S.J. 0.44 (0.18–0.7).

ferent tachycardia types. The questionnaire was ana-
lysed with a binary regression (logit model). This as-
signs probabilities to the answers of the questionnaire. 
It helps to determine whether a question was more 
crucial than the others for one of the two diagnoses.
To evaluate the quality of the questionnaire and to de-
termine if the questions were representative for dis-
crimination of the two arrhythmias, we calculated the 
root mean squared error (RMSE). The RMSE measures 
the average deviation of the prediction model from its 
“real” value. To determine the RSME, the difference be-
tween the prediction of the model based on the an-
swers of the various questions and the real value, i.e.  
1 for AVNRT and 0 for AVRT, was calculated. The differ-
ence was squared and then the square root drawn. Fi-
nally, the mean of the root squared differences, i.e. the 
root mean squared error was determined. A RMSE of 
<0.5 is considered to indicate appropriate quality of the 
model.
The protocol was approved by the “Arbeitsgruppe Mas-
terarbeiten” of the faculty of medicine of the Univer-
sity of Basel and thus by default no formal approval of 
the local ethical committee was necessary. All patients 
who filled out the questionnaire gave written in-
formed consent.

Figure 4: Tutorial ECG 3. This ECG shows a wide complex tachycardia with right bundle branch block morphology and a heart 

rate of 150 beats/min. The pattern is consistent with supraventricular tachycardia with right bundle branch block aberrancy or 

preexisting right bundle branch block. Possibly due to the fact that no P-wave is visible, all three ECG readers suspected AVNRT 

with aberrancy. However, in this case, the correct diagnosis was AVRT. Even with closer examination of the ECG, the retrograde 

atrial activation with a longer VA-time, consistent with (but, as mentioned with ECG 1 ,not diagnostic for) retrograde conduction 

over an accessory pathway, is difficult to identify in the ECG, but may be suspected in the T-wave in leads III and aVL.
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We then analysed whether a combination of two or 
three questions (answers either positive or negative) 
resulted in a higher accuracy. Combining Q1/5/8 re-
sulted in three significant combinations (Q1 and Q8 
positive AVNRT 38%, AVRT 6%; Q5 positive / Q8 nega-
tive AVNRT 38%, AVRT 6%; Q1 and Q5 negative / Q8 pos-
itive AVNRT 31%, AVRT 0%, all p-values <0.05). However, 
because the percentages are <50%, they are not clini-
cally applicable. Combining Q2/8/9 resulted in two sig-
nificant combinations (Q2 and Q8 negative AVRT 75%, 
AVNRT 41%, p-value 0.04; Q2, Q8 and Q9 negative AVRT 
69%, AVNRT 33%, p-value 0.03). No other combination 
yielded any significant results.

Discussion

If interpreting physicians relied only on their clinical 
judgement and implicit application of criteria to differ-
entiate between the two forms of tachycardia, the 
overall diagnostic accuracy of ECG interpretation in 
patients with AVNRT or AVRT was modest. In our popu-
lation, diagnostic accuracy was only 60% and AVNRT 
was identified more frequently than AVRT. 
With the strict use of a relatively simple algorithm  
[6, 7], two experienced electrophysiologists in another 
study [6] achieved an overall accuracy of 81% and were 
better regarding AVRT diagnosis than AVNRT (88% and 
76%). Similar results (75%; 82% and 63%, respectively) 
were reported in the study by Kay et al. [8]. After a me-
ticulous interpretation of five specific ECG patterns,  
four experienced electrophysiologists had to decide on 
a final diagnosis. However, results were not different 
whether implicit application of criteria or the algo-
rithm proposed by Bar et al. [3] were used. All pre-
sented ECGs were recorded during an electrophysio-
logical study under excellent conditions. General 
application of both algorithms is impaired by the fact 
that not all comers were studied, as patients with bun-
dle branch block and ST-segment alterations in the 12-
lead resting ECGs, which were presented to the ECG 
readers as well, were excluded. 
Several individual ECG criteria have been tested simi-
larly. QRS alternans was not significantly predictive of 
AVRT in one study [9], whereas two other studies found 
a correlation with AVRT that was present in fewer than 
50% of AVRT ECGs and thus not clinically useful [10, 11]. 
Pseudo r’ is the most important feature of the algo-
rithm by Arya, but was shown to be present in only 
40%–52% of AVNRTs [6, 10, 11]. Visible P-waves as a hall-
mark of AVRT are present in 60%–70% of cases [10, 11], 
but considered to be unreliable as a feature to diagnose 
AVRT because of a limited intra- and interobserver con-
cordance of 80% [10]. Finally, the evidence of ST-seg-

As a tutorial, three ECGs with typical features are shown 
and suggestions are provided as to why the group as-
signment might have been such-and-such (figs 2–4). 
Comments are given by one of the authors (M.K.).

Evaluation of the 55 questionnaires
Mean age of the patients was 55 ± 18 years, 26 were  
female (47%). During evaluation it turned out that all 
female patients responded to question 10 with “no”. 
This question was therefore excluded from further 
analysis. The percentages of positive answers to the 
questions are shown in table 1. For questions 5 and 8, 
the model (table 2) shows a significant predictive effect 
as to whether a patient has AVNRT or AVRT. This means 
that if the answer to question 5 is “yes” the model as-
signs an increased average probability of 45% that the 
patient has AVNRT and the negative complementary 
probability if the answer is “no”, provided that the an-
swers to the other eight questions do not change. The 
opposite is true for question 8, where a positive answer  
decreases the average probability of AVNRT by 29%.
There was a significant difference with regard to 
two questions, but in both the higher positive value 
was still below 50%. The RMSE was calculated to be 0.32 
for AVRT and 0.68 for AVNRT.

Table 1: Percentage of positive answers to the nine questions 
according to final diagnosis.

Question AVNRT AVRT p-value

1 23% 44%

2 18% 13%

3 18% 19%

4 21% 38%

5 13% 25% <0.05

6 28% 19%

7 67% 56%

8 46% 19% <0.05 

9 26% 13%

Table 2: Results of the binary regression of the questionnaire 
(AVNRT 1, AVRT 0).

Estimate Standard error p-value

(Intercept) 1.23171 1.98267 0.53

Question 1 1.24891 0.80217 0.12

Question 2 –0.42531    1.26177   0.74  

Question 3 –0.17043    0.97453 0.86  

Question 4 0.18857    0.86089   0.83  

Question 5 2.53757    1.10703  0.02

Question 6 –0.55374    0.88736  0.53

Question 7 –0.64380    0.71634 0.37 

Question 8 –1.63163    0.71953 0.02

Question 9 –1.28790    1.25967  0.31
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ment depression, either its presence in at least six leads 
or with a horizontal depression of >2 mm, is controver-
sial for diagnosis of AVRT [6, 10–12]. 
The modest performance of the three cardiologists in-
volved in ECG diagnosis in this study may be explained 
by some particular facts. As a result of the in retrospect 
imperfect design, they had to rely only on the ECG 
showing tachycardia; a resting ECG was not made 
available. This hampers the interpretation of a pseudo 
r’ especially. The quality of an ECG recorded during an 
attack is usually worse than an ECG in the electrophysi-
ology laboratory, hampering the visibility of a P-wave. 
And finally, an all-comer population was studied, 
which included patients with bundle branch block and 
ST-segment changes. The role of implicit use of some of 
the mentioned features in decision making by an ex-
perienced physician is undetermined. All referenced 
studies, as well as ours, did not account for atypical 
AVNRT and the location of the accessory pathway in 
AVRT. To conclude this part of the study, acceptable ac-
curacy can only be obtained by using an algorithm 
such as the one proposed by Arya et al. [6], with consid-
eration of its limitations discussed above.
The results regarding the questionnaire are not highly 
encouraging. Based on our clinical experience, we  
hypothesised that it might be possible to have a clini-
cally meaningful and superior differentiation either 
by single questions or at least by a combination of 
some of them. Even though the questions regarding 
termination by use of the Valsalva manoeuvre or faint-
ing were significantly different and occurrence during 
exertion at least showed a trend for AVNRT or AVRT, 
these questions are not applicable in daily practice be-
cause of the low predictive value (46%) of positive an-
swers. At least a combination with negative answers to 
the questions regarding no coincidence with psychic 
stress, no fainting and no “frog sign” was significant 
and also clinically meaningful. Nevertheless, it only 
achieved 69% accuracy for AVRT compared with 33% 
for AVNRT. Of course the choice of the 10 items of the 
questionnaire can be challenged. For lack of an exist-
ing and validated questionnaire, a new one had to be 
created. However, it was based on our experience in ex-
amining such patients, encompasses important symp-
toms and circumstances of AVNRT and AVRT and 
showed a good RMSE value. Further limitations are a 
relatively small number of patients, a certain referral 
bias of highly symptomatic patients and the decision 
the reduce the analysis of questions 1 to 5 from origi-
nally four possible answers to only “yes” or “no”.

Conclusions

Detailed analysis of an ECG registered during tachycar-
dia and specific history taking can help to differentiate 
between AVNRT and AVRT, but the obtained reliabili-
ties of 60% for ECG interpretation and 69% at best for 
the questionnaire were only moderate.
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