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Abstract: The aim of this study is to investigate the effect of ECG criteria which are used for the distinction be-
tween AVNRT and AVRT for the choice of treatment in patients with Supraventricular Tachycardia (SVT). The 77 pa-
tients with narrow QRS complex SVT which was treated with Adenosine or Diltiazem in the Emergency Department 
were evaluated retrospectively. All 12-lead ECG during tachycardia were blindly reviewed according to ECG criteria 
(Pseudo-r` in V1, Pseudo-S-wave in the inferior leads, Visible P-wave, aVL notch) by a cardiologist and an emergency 
physician. In this study, while 59.6% of the patients returned to normal sinus rhythm (NSR) after the first dose 6 
mg, 64.91% of them after the first dose 12 mg and 71.92% of them after the second dose of 12 mg adenosine, 
95% of the patients returned to NSR after the 0.25 mg/kg diltiazem. The most visible ECG findings were visible P 
waves and the least visible ECG findings were Pseudo-S waves in the inferior leads. It was statistically significant 
between converted by adenosine to NSR and converted by diltiazem to NSR to the presence of visible P-wave and 
the aVL lead notch in their ECG findings. Conclusion: The rate of return to NSR through diltiazem was found higher 
than that of adenosine in narrow complex SVT patients. Also, diltiazem may be the first medication to be preferred 
in the presence of retrograt P wave and aVL notch in the ECG of the patients with narrow QRS complex stable SVT.
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Introduction

Narrow QRS complex supraventricular tachy-
cardia (SVT) are common (23 to 47/100,000) 
cardiac emergency cases in Emergency 
Department (ED) [1]. Atrioventricular nodal 
reentrant tachycardia (AVNRT) are seen most 
common atrioventricular tachycardia in emer-
gency department (ED) [2]. AVNRT is caused by 
a re-entran circuit involving the posterior and 
anterior inputs into the compact atrioventricu-
lar node [3-5]. AVNRT types are classified as 
typical (slow-fast) and atypical (fast-slow and 
slow-slow), according to the ratio of atrial-His/
His-atrial intervals [2]. Atrioventricular recipro-
cating tachycardia (AVRT) is also a re-entran 
tachycardia; it requires the presence of an 

accessory pathway, a small strand of myocar-
dium that bridges the normal insulation ber-
ween atria and ventricules [3-5]. 

ECGs are used to discriminate between these 
two mechanisms on patients with narrow QRS 
complex SVT. The presence of a pseudo-R’-
wave in lead V1 or pseudo-S-wave in the inferi-
or, visible P-wave, aVL notch has been used for 
the differential diagnosis between AVNRT and 
AVRT [6-8]. The findings that presence of a 
pseudo r̀  wave or pseudo S wave, or both, had 
an accuracy of 100% in predicting anterior-type 
AVNRT confirmed the previous report [9]. This 
ECG criteria are especially used in the selection 
of ablation therapy [2, 6, 8]. But, this criterias 
have been not used for evaluation of medical 
treatment in ED up to now.
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Vagal maneuvers and adenosine are recom-
mended to terminate stable narrow QRS com-
plex SVTs, as an initial therapeutic choices in 
ACC/AHA/ESC guidelines [8]. It was showed 
that adenosine is able to convert narrow QRS 
complex SVT to Normal Sinus Rythm (NSR) at 
the rate of 86, 5-89% in studies [10, 11]. Long-
acting AV nodal blocking agents such as nondi-
hy dropyridine calcium channel blockers (vera-
pamil and diltiazem), flecainide or β blockers 
are used in case of adenosine or vagal maneu-
vers fail to convert rhythms of patients from 
narrow QRS complex SVT to NSR [8]. Diltiazem 
convertion rates were determined at 96-98.1% 
in studies [10, 12]. 

AVNRT and AVRT are typically terminated by 
adenosine [13]. It was determined that conver-
tion rate to NSR is at 72% in patients with AVRT 
and at 83% in patients with AVNRT by flecainide 
in a study in ED [14].

Also, ECG criterias have been not used to 
choose medical treatment in ED up to now.

The aim of this study is to determine the worthi-
ness of ECG criterias in decision making for 
treatment of patients with stable narrow QRS 
complex SVT, which are used for the distinction 
between AVNRT and AVRT in patients with sta-
ble narrow QRS complex SVT in ED.

Materials and methods

After approval of Research Ethics Committee, 
the seventy-seven cases with narrow QRS com-
plex (< 0.12 s) SVT were evaluated retrospec-
tively between June 15, 2011 and June 20, 
2013 at the Istanbul Bakırköy Dr. Sadi Konuk 
Training and Research Hospital Emergency 
Department. Data regarding the age, sex, past 
medical history, chief complaint, characteris-
tics of stable narrow QRS complex SVT, on 
admission mean systolic and diastolic blood 
pressure, heart rate were evaluated from the 
patient files as retrospectively. 

The evaluation of ECG criterias

All of patients diagnosed on 12 lead ECG were 
documented in this study. The 12-lead ECGs 
were recorded at a speed of 25 mm/s, set to 10 
mm/mV, and filter set to 0.5 and 1000 Hz. All 
12-lead ECG during tachycardia in patients 
which was treated in ED were blindly reviewed 

according to ECG criteria [6, 7] as follow by a 
cardiologist and an emergency physician.

Pseudo-r̀  in V1: Presence of a positive deflec-
tion at the end of the QRS in lead V1, mimicking 
an incomplete right bundle branch block during 
tachycardia, and the absence of this deflection 
during sinus rhythm.

Pseudo-S-wave in the inferior leads (II, III, aVF): 
Presence of a negative deflection at the end of 
the QRS in the inferior leads during tachycardia 
and the absence of this sign during sinus 
rhythm. 

Visible P-wave: Presence of deflection in the 
ST-segment was interpreted as a retrograde 
P-wave in at least one of the 12 leads.

aVL notch: Any positive deflection at the end of 
the QRS during tachycardia and its absence 
during normal sinus rhythm.

If there was pseudo-S-wave in the leads II, III, 
aVF or pseudo-r̀  in V1 of any patient’s ECG it 
was evaluated as AVNRT [9]. 

Administration of diltiazem and adenosine 

Diltiazem was administrated to patients with 
stable narrow QRS complex SVT at a dose of 
0.25 mg/kg IV over 2 minutes, when rhythm 
was not converted to NSR, diltiazem was given 
an additional IV dose of 0.35 mg/kg in ED [8]. 

Adenosine was administrated to the patients 
with narrow QRS complex SVT at a dose of 6 mg 
IV bolus on antecubital region, following that 
preformed 20 ml salin infusion was given. 
When rhythm was not converted to NSR in 2 
minutes, adenosine was given an additional IV 
12 mg bolus. When rhythm was not converted 
to NSR in 2 minutes, adenosine was given an 
additional IV 12 mg bolus again [8, 10]. 

Patient selection and exclusion criterias

Patients with other tachicardas without SVT 
(like sinus tachycardia, atrial flutter, atrial fibril-
lation, ventricular tachycardia) were excluded 
from study.

One hundred forty five patients with stable nar-
row QRS complex SVT were admitted to ED, 
over a 24-months period. But, 68 patients (27 
patients who could not be reached their ECGs 
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Table 1. Demographic and pre-treatment characteristics 
of narrow QRS complex SVT patients
Variables Frequency
Mean Age (years) 57.86 ± 20.351 years
Sex (M/F) 36/41
Mean Systolic Blood Pressure (mmHg) 120.66 ± 26.120 
Mean Diastolic Blood Pressure (mmHg) 73.45 ± 15.281
Mean Heart Rate (bpm ) 172.29 ± 16.502 
Complaints
    Palpitation 58 (75.3%)
    Resting Dyspnea 7 (9.1%)
    Chest Discomfort And Pain 6 (7.8%)
    Faintness 5 (6.5%)
    Syncope 1 (1.3%)
Past Medical Histories
    Hypertension 21 (27.3%)
    Diabetes Mellitus 30 (39%)
    Myocardial Infarction 23 (29.9%)
    Narrow QRS complex SVT 27 (35.1%)

and treatment process, 30 patinets could be 
converted by vagal maneuvers and 11 patients 
not consensus by a cardiologist and an EP on 
their ECG criterias) were excluded in this study. 

Statistical analysis

Data were analyzed with Number Cruncher 
Statistical System (NCSS) 2007 Statistical 
Software (Utah, USA). Continuous datas are 
expressed as mean ± SD. Proportions are 
expressed as percentages with 95% confi-
dence intervals. Fisher’s exact and Pearson’s 
Chi-Square test were used the evaluation of 
treatment responses according to electrocar-
diographic criterias. Values of P < 0.05 were 
accepted statistically significant. 

Results

Forty six point eight percent male and 53.2% 
female of 77 narrow QRS complex SVT patients. 
The mean age of cases was 57.86 ± 20.351 
years (minimum 16, maximum 113).

The complaints and past medical histories of 
patients were shown on Table 1. Narrow QRS 
complex SVT was found on 35.1% of patients. 
Palpitation was found to be the most common 
complaint. Diabetes Mellitus was found to be 
the most common disease in past medical 
histories.

Fifty nine point six percent of 57 patients with 
SVT by first dose of 6 mg adenosine, 0.5 per-
cent of them by first dose of 12 mg adenosine 
and 0.7 percent of them by second dose of 12 
mg adenosine were converted to sinus rhythm.

Ninety five percent of 20 patients with SVT 
were converted by 0.25 mg/kg diltiazem and 
the remaining one patient (5%) could not be 
converted to sinus rhythm by 0.35 mg/kg 
diltiazem. 

One patient who was unresponsive to the sec-
ond 12 mg dose adenosine was converted to 
sinus rhythm by 5 mg metoprolol. Three 
patients who were unresponsive to the first 12 
mg dose of adenosine and 7 patients who were 
unresponsive to the second 12 mg dose of ade-
nosine were converted to sinus rhythm by 0.25 
mg diltiazem. Three patients who were unre-
sponsive to 0.25 mg/kg diltiazem were con-
verted to sinus rhythm by 0.35 mg/kg diltia-
zem. Because hipotansion occured in three 
patients that were unresponsive to the second 
and third dose diltiazem, they were converted 
to sinus rhythm by treatment with synchronised 
electrical cardioversion by 50 joules. 

Conversion with the first dose of 6mg adenos-
ine in 59.6% (34/57), conversion with the first 
dose of 0.25 mg/kg diltiazem in 95% (19/20) 
were found (P = 0.000).

On admission, the mean systolic blood 
pressure was 120.66 ± 26.120 mmHg 
(minimum: 80-maximum: 217 mmHg) 
and the mean diastolic blood pressure 
was 73.45 ± 15.281 mmHg (minimum: 
50-maximum: 144 mmHg). Mean heart 
rate was 172.29 ± 16.502 bpm (mini-
mum: 140- maximum: 210 bpm) (Table 
1). 

Seventy seven patients affected by SVT 
who were unresponsive to carotid sinus 
massage were treated with an IV ade-
nosine and IV diltiazem in our ED. The 
study design and results in patients with 
SVT was showen in Figure 1.

The study design and treatment results 
in patients with SVT were showen in 
Figure 1.

Seventy four percent of 77 patients were 
given adenosine as a first medication. 
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The total conversion rate for adenosine (6 mg + 
12 mg + 12 mg) was 71.92% (41/57) com-
pared with 96.9% for total diltiazem (0.25 mg/
kg + 0.35 mg/kg) (32/33), the difference 
between the two agents was statistically signifi-
cant (P = 0.000) (Table 2). 

The most visible ECG findings were visible P 
waves (21 versus 24) among the ones which 
were converted with both adenosine and diltia-
zem and the least visible ECG findings were 
Pseudo-S waves in the inferior leads (10 versus 
4).

It was statistically significant between convert-
ed by adenosine 6 mg (first dose) to sinus 

rhythm and converted by diltiazem (first dose) 
to sinus rhythm to the presence of visible 
P-wave and the aVL lead notch in their ECG find-
ings (P = 0.006, P = 0.024 respectively). 

It was not statistical significant to the presence 
of pseudo-s-wave in inferior leads and psudo-r’-
wave in lead V1 (P = 0.215, P = 0.331 respec- 
tively). 

Also, it was statistically significant between 
converted by adenosine (total dose) to sinus 
rhythm and converted by diltiazem (total dose) 
to sinus rhythm to the presence of visible 
P-wave and the aVL lead notch in their ECG find-
ings (P = 0.038, P = 0.005 respectively).

Figure 1. The study design and re-
sults in patients with SVT.
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Table 2. Conversion rates of adenosine and 
diltiazem 

Drugs
Converted 
patients p

n %
Adenosine (6 mg) 34 59.6 0.000
Diltiazem (0.25 mg/kg dose) 19 95.0
Adenosine (total dose)* 41 71.92 0.000
Diltiazem (total dose)** 32 96.9
*Adenosine total dose: 6 mg + 12 mg + 12 mg; **Diltia-
zem total dose: 0.25 mg/kg + 0.35 mg/kg. 

It was not statistical significant to the presence 
of pseudo-s-wave in inferior leads and psudo-r’-
wave in lead V1 (P = 0.200, P = 0.475 respe- 
ctively).

In this study, AVNRT (the presence of pseudo-s-
wave in inferior leads and psudo-r’-wave in lead 
V1) was found on 26% of patients’ ECGs. It was 
not statistically significant between converted 
by adenosine to sinus rhythm and converted by 
diltiazem to sinus rhythm to the presence of 
AVNRT in their ECG findings (Table 3).

It was found that medium of sistolic blood pres-
sure was 120.38 mmHg and the medium of 
diastolic blood pressure was 72.73 mmHg in 
patients with administration of Adenosine, and 
that the medium of sistolic blood pressure was 
122.38 mmHg while the medium of diastolic 
blood pressure was 76.91 mmHg in patients 
with administration of Diltiazem. Hipotension 
rate for adenosine was compared with diltia-
zem, the difference between the two agents 
was not statistically significant (P > 0.05). In 
hospital mortality was not observed in any 
patient treated due to SVT.

Discussion

This study was to distinguish between AVRT 
and AVNRT is the first study showing that ECG 
criterias used in the selection of patients with 
narrow QRS complex SVT treated in the ED.

For the preference of the ablation treatment in 
narrow QRS complex stable SVT patients, some 
ECG criterias are used to distinguish between 
AVNRT and AVRT [6, 7, 9, 15, 16]. But up until 
now they have not been used for the prefer-
ence of treatment in ED. In this study, we inves-
tigate whether it is possible to use these ECG 
criteria for treatment preference planning in 
ED.

Adenosine is recommended as the first treat-
ment option for stable narrow QRS complex 
SVT in the studies [8, 10-13, 15, 17]. With a 6 
mg beginning dose of adenosine, 60% of return 
to sinus rhythm was observed while with the 
following administration of a 12 mg dose of 
bolus adenosine, the rate rose to 90% [18]. 
According to the studies, the successful return 
to sinus rhythm through diltiazem in SVT 
patients was found to be 96-98% [10, 12, 19]. 
In two randomized clinical study by Brandy W.J. 
Jr et al. and Cheng, K.A. et al., it was found that 
in stable SVT patients, adenosine and diltiazem 
had similar rates of return to sinus rhythm [20, 
21].

In our study, 59.6% of the patients returned to 
sinus rhythm after the first dose of adenosine 
while with the first following dose of 12 mg, this 
rate increased to 64.91% and with the second 
dose of 12 mg adenosine, this rate further 
increased to 71.92%. In this study, 95% of the 
diltiazem-administered returned to sinus 
rhythm after the first dose. The rate increased 
to 96.9% when diltiazem was administered to 
patients who did not respond to adenosine. 

These ECG criteria used for distinguishing 
between AVNRT and AVRT for the preference of 
ablation treatment in narrow QRS complex sta-
ble SVT patients have not been used for the 
emergent treatment of stable narrow QRS com-
plex SVT patients [5, 6, 13-15]. 

In a retrospective study by Glatter K.A. et al. 
[11], 85% of the AVRT patients and 86% of 
AVNRT patients returned to normal sinus 
rhythm. Electrophysiological criteria used for 
planning of this study. In these two groups, no 
statistical difference was observed in terms of 
terminating tachycardia through adenosine 
[11].

In acute episodes of AVNRT that do not respond 
to valsalva maneuvers, adenosine is the treat-
ment of choice. Continuous administration of 
antiarrhythmic drugs maybe ineffective in up to 
70% of cases [22].

In our study show that both in the first 6 mg 
dose of adenosine and first 0.25 mg/kg dose 
of diltiazem, and in total doses, the rate of 
return to sinus rhythm through diltiazem was 
found to be statistically significantly higher 
than that of adenosine in narrow complex SVT 
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Table 3. Treatment and electrocardiographic characteristics of the study population

Electrocardiographic Characteristics
Converted drugs

total adenosine n (%) total diltiazem n (%) p
Visible P-wave 21 (46.7) 24 (53.3) 0.038
aVL notch 16 (41) 23 (59) 0.005
Pseudo-S-wave in  leads II, III, and aVF 10 (71.4) 4 (28.6) 0.200
Pseudo-R’-wave in lead V1 12 (63.2) 7 (36.8) 0.475
AVNRT 13 (65) 7 (35) 0.168
Total 41 (56.2) 32 (43.8)

6 mg adenosine n (%) 0.25 mg/kg diltiazem n (%) P
Visible P-wave 14 (38.9) 22 (61.1) 0.006
aVL notch 15 (41.7) 21 (58.3) 0.024
Pseudo-S-wave in  leads II, III, and aVF 9  (69.2) 4 (30.8) 0.215
Pseudo-R’-wave in lead V1 11 (61.1) 7 (38.9) 0.331
AVNRT 12 (63.2) 7 (36.8) 0.221
Total 34 (100) 29 (100)

12 mg adenosine n (%) 0.35 mg/kg diltiazem n (%) p
Visible P-wave 3 (60.0) 2 (40.0) 0.800
aVL notch 1 (33.3) 2 (66.7) 0.200
Pseudo-S-wave in  leads II, III, and aVF 0 (0) 0 (0)
Pseudo-R’-wave in lead V1 0 (0) 0 (0)
AVNRT 0 (0) 0 (0)
Total 4 (100) 4 (100)

patients. In our study similar to literature, 
repeated administration of adenosine was inef-
fective in 70% of cases.

The studies of González-Torrecilla E. et al. [6] 
and Di Toro D. et al. [7] assessed the rates of 
these ECG criterias in SVT patients. In these 
studies, the rate of retrograde P wave was 
40.4-44.5% in SVT patients while it was 
25-36.5% in AVNRT patients and 66.7-72% in 
AVRT patients. And aVL lead notch was 
observed in 39.6% of SVT patients while it was 
detected in 51.3% of AVNRT patients and in 
7.4% of AVRT patients. In these studies, the 
rate of pseudo-s-wave in inferior was 0.8-
35.6% while the rate of pseudo-R’-wave in lead 
V1 was 25.7-32.6% [6, 7].

P-wave activity in AVNRT may be only partially 
hidden within the QRS complex and may deform 
the QRS to give a pseudo-R wave in lead V1/or 
a pseudo- S wave in inferior leads [15]. The find-
ing that presence of a pseudo R’ wave or pseu-
do S wave, or both, had an accuracy of 100% in 
predicting anterior-type AVNRT confirmed the 
previous report [9]. 

In our study, the rate of visible retrograde P 
wave (58.4%) in SVT patients was higher than 

those of both of these studies while the rate of 
pseudo-R’-wave in lead V1 (24.6%) was lower 
than those of both of these studies. And the 
rate of pseudo-S-wave in inferior (18.2%) was 
higher than that of González-Torrecilla E. et al. 
[5] study and was lower than that of Di Toro et 
al. [7]; and the rate of aVL lead notch (50.6%) 
was found to be higher than that of Di Toro et al. 

In the studies retrograde P wave was observed 
to be higher in AVRT patients while aVL lead 
notch was observed to be higher in AVNRT 
patients [6, 7].

In our study, the difference was not statistically 
significant between adenosine and diltiazem in 
the treatment of acute episodes of AVNRT. But, 
we report that the first treatment option may be 
diltiazem instead of adenosine in the presence 
of aVL notch and retrograde P wave in ECG of 
stable narrow QRS complex SVT patients. 

Conclusion

Diltiazem may be the first medication (com-
pared to adenosine) to be preferred in the pres-
ence of retrograt P wave and aVL notch in the 
ECG of the patients with narrow QRS complex 
stable SVT.
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Study limitations

We used ECG criteria in the definitive diagnosis 
of AVRT and AVNRT which have not been used 
for SVT treatment in the ED up until now. 
However, electrophysiological studies to show 
which patients with these criteria we detected 
are AVRT or AVNRT have not been conducted. 

In our next study, we supported these ECG cri-
teria, which we think affect the emergent treat-
ment option, by electrophysiological studies 
and we planned that the treatment option shall 
be preferred according to ECG criteria and elec-
trophysiological study results.
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