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Typical atrioventricular nodal
reentrant and orthodromic
atrioventricular tachycardias:
electrocardiographic,
electrophysiological diagnosis
and treatment
Paroxysmal supraventricular tachycardias with narrow QRS are defined as rhythms originating
from above the His bundle, heart rate higher 100 bpm and QRS complex of less than 120 ms in
adults or less than 90 ms in children. They present a prevalence of up to 8/1000 individuals. The
main presentations of these regular tachycardias are atrioventricular nodal re-entrant tachycardia
and orthodromic atrioventricular reentrant tachycardia due to an accessory pathway. These
tachycardias present morbidity, with symptoms such as palpitations, dyspnea, chest pain, syncope,
polyuria, and can be a cause of sudden cardiac death. Thus, their clinical and electrocardiographic
diagnoses are the first step in the approach and treatment of the patient. This review will discuss
the clinical aspects, electrocardiographic, electrophysiological diagnosis and treatment options
in the acute phase and long-term management, in addition to nonpharmacological treatment.
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The narrow QRS tachycardia is that which
originates above the His bundle bifurcation,
with QRS complexes of less than 120 ms
and heart rate of more than 100 beats per
minute (bpm). Its prevalence in the general
population is 6 to 8/1000 individuals,
reaching 11% to 18% in patients with heart
failure [1]. Among children the duration of
the QRS of the tachycardia is equal to or less
than 90 seconds and heart rate can exceed
200 bpm in newborn infants and higher than
100 bpm (from 130 to 300 bpm) in those
over 10 years of age [1,2].
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Among the regular narrow QRS
tachycardia, the most common is typical
atrioventricular (AV) nodal reentrant
tachycardia, followed by orthodromic AV
tachycardia. Symptoms include palpitations,
fatigue, chest pain, light-headedness, neck
discomfort, polyuria and pre- syncope and
syncope. Polyuria is due to the natriuretic
peptide secreted by the distension of the
atria. Syncope can occur between 15% and
20% of patients, due to the high rate of
the tachyarrhythmia (≥ 170 bpm). Besides
this morbidity, these tachycardias can lead
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sudden cardiac arrest in 2.2% to 4.5% of patients with
accessory pathways [1,3,4].
Precipitating factors may be physical activity,
sudden movements, and emotional stress [1,2,5-7]. In
newborns and infants, paleness, lethargy, coughing,
drowsiness, irritability, appetite loss, vomiting, dyspnea,
cyanosis and/or diaphoresis are the symptoms of the
tachycardia. Heart failure can occur if the tachycardia
remains for 24 to 48 hours without treatment [8].
We searched Embase, Scielo, Europubmed,
Cochrane, PubMed and CINAH databases (1990
to march 2016), using the following search strategy:
(typical (All Fields) AND atrioventricular (All Fields)
AND nodal (All Fields) AND reentrant (All Fields),
orthodromic (All Fields) AND atrioventricular (All
Fields) AND (“tachycardia”(MeSH Terms) OR
“tachycardia”(All Fields) OR “tachycardias”(All Fields))).
The purpose of this article is to review the clinical aspects,
electrocardiographic diagnosis and treatment options in
the acute phase and long-term management, in addition
to non-pharmacological treatment.
Typical Atrioventricular Nodal Reentrant
Tachycardia
This tachycardia is responsible for 50-60% of
tachycardias narrow QRS in adults and 15% of
supraventricular tachycardias in pediatric patients,
predominantly from adolescence onwards. There is a
female predominance, with a ratio of 2:1 or 3:1. Its
manifestation occurs mainly during the third or fourth
decade of life. At physical examination, “frog sign”
(prominent neck pulsations) may be present during
tachycardia [1-9].
The hypothesis of nodal reentry has been postulated
by Mines in 1913. Goldreyer and others showed the
location and the electrophysiological properties of the
nodal reentry in humans, resulting in the concept of
dissociation of the AV node [9,10]. There are dual
AV pathways: the slow pathway (α) which transmits
the electric stimuli slowly and has short refractory
period, and the fast pathway (β), with long refractory
period (Figure 1). The anterosuperiors fibers that make
connection between the AV node and the right atrium,
near the apex of Koch’s triangle, form the fast pathway.
The fibers of the inferoposterior region form the slow
pathway (Figure 2) [11]. Up 37% of subjects have dual
AV nodal physiology; however only a minority of these
develops nodal reentrant tachycardia. Furthermore,
incidence of dual AV nodal pathways decreases with
ageing [12].
Electrical stimulation goes through fast pathway
during sinus rhythm. When there is a supraventricular
extra systole, the stimulus is conducted by the slow
pathway (antegrade conduction) because it reaches
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earlier AV node. The retrograde conduction occurs
over the fast pathway and there is almost simultaneous
contraction of the atria and the ventricles. This circuit
occurs in 90% of AV nodal reentrant tachycardia
(AVNRT); it is the typical form [1,5,7]. Atypical or
uncommon nodal reentrant tachycardia includes the
fast-slow and slow-slow types and of left origin [1,7].
The refractory period of the slow pathway is shorter
in women, resulting in a greater difference between
the fast and slow pathway refractory periods. This may
explain the higher incidence of tachycardia in women
[13].
Electrocardiographic and Electrophysiological
Diagnosis
The electrocardiogram shows the presence of
retrograde atrial activation (P’) as pseudo R wave in V1
(Figure 3) or pseudo S in the inferior leads (D2, D3 and
aVF) in about 60% of cases during tachycardia [14].
Although of this criterion have high specificity (91%100%), it is less sensitive (14% -58%) [15]. The RP’
interval is equal to or less than 70 ms in any derivation
in which to its measure. In other cases, retrograde atrial
activation will be absent because it coincides with the
QRS complex. When the beginning of this tachycardia
is recorded, there is the increase in the PR interval.
There is the presence of retrograde atrial activation,
when visible, at its end. ST segment depression,
and variation of the RR interval may occur during
tachycardia [3,14,16-18].
Atrial pacing with extra stimuli at progressively shorter
coupling intervals is used for the electrophysiological
study for diagnosis of double nodal pathway. There is a
prolongation of at least 50 ms at A-H interval (interval
between the atrial electrogram and His bundle) in
response to the shortening of the coupling interval of
the premature atrial stimulus by 10 ms (defined as the
‘jump-up’ phenomenon). When applying atrial extra
stimuli with progressively shorter coupling intervals,
there is a gradual increase in A-H interval until
reaching the refractory period of fast pathway. From
that moment, the conduction through the AV node
becomes the slow pathway. After the “jump”, there is
atrial echo and the beginning of tachycardia. Ventricular
pacing results in induction of atypical AVNRT due to
higher refractory period the fast pathway. The stimulus
is conducted to the atrium by the slow pathway and it
returns to the ventricle by the fast pathway [14,18]. The
Table 1 shows the classification of AVNRT types.
Treatment
To reversal to sinus rhythm, vagal maneuver can
succeed when made at the beginning of tachycardia.
Over time, the maneuver is usually not effective due to
sympathetic activation [19].
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Figure 1: Representation of the typical atrioventricular
nodal reentrant tachycardia circuit. α: Alpha pathway;
β: Beta pathway; AVN: Atrioventricular Node; His: His bundle;
ECG: Electrocardiogram; PR: PR Interval; SVT: Supraventricular
Tachycardia; P’: Retrograde atrial activation.

Figure 2: Representation of the triangle of Koch with its limits,
compact NAV, the fast and slow tracks and bundle.

Figure 3: Electrocardiographic recording of lead V1 during
the typical atrioventricular nodal reentrant tachycardia shows
pseudo R (shown by arrow).

One of the vagal maneuvers is the carotid sinus
massage. Its contraindications are presence of carotid
bruits or significant stenosis carotid, transient ischemic
accident or stroke within the past 3 months [18-20].
The main complications are neurological as dysarthria
and visual disturbances and can occur in 1% of cases
[21]. Carotid massage should be performed during 5
to 10 seconds and applied to the superior portion of
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the carotid artery in the neck with the patient in supine
position. Both sides must be stimulated sequentially,
starting from the right side, which has a higher success
rate. Another vagal maneuver consists of applying an
ice-cold wet towel to the face. Vagal maneuver with
pressure in the eye should not be performed because
it is harmful to the patient. The Valsalva maneuver is
to increase intrathoracic pressure of 40 mmHg for 15
seconds, by expiring against a closed glottis. The success
rate of the Valsalva maneuver is 19-54% and the carotid
massage is approximately 25% [21,22].
The modified Valsalva maneuver is performed
immediately at the end of the strain with passive
elevation to 45 degrees of the legs of the patient for
15 seconds. This maneuver is highly effective, returning
more than 40% of patients to sinus rhythm compared
with 17% with a standard Valsalva maneuver [23].
If these first-line interventions are not effective,
the pharmacological treatment should be done with
the intravenous administration of adenosine (class I)
or calcium channel blocker of the phenylalkylamine
(Table 2) [1,19,20,24].
Adenosine is a nucleotide with negative chronotropic
and dromotropic properties with short half-life of
about 10 seconds. It acts by increasing the driving of
potassium channels, resulting in cell hyperpolarization
and consequent reduction of electrical conduction.
Another effect is the decrease of the calcium
influx due to antagonism to catecholamines. It must
administered as a 0.1–0.2 mg/kg per bolus (usual
maximum dose 12 mg) given via a central sheath or
catheter and followed by a 10 cc (cubic centimeter or
milliliter) saline flush [1,19,24]. A lower dose (3 mg) is
recommended in persons who have a cardiac transplant
[20]. Adverse effects occur in about 40% of cases, such
as dyspnea, chest pain and some rhythm disturbances
(asystole, bradycardia, extrasystoles, atrial fibrillation).
These effects are transient; thus, the administration of
adenosine is safe. The effect of the drug occurs within
15 to 30 seconds, with success reversal of 78-96%.
Contraindications to the use of adenosine include
bronchospasm (reactive airway disease), concomitant
use of dipyridamole (which inhibits adenosine
metabolism) or xanthine (which is an antagonist of
adenosine receptors), 2nd degree AV block or higher,
sinus node dysfunction, concomitant use of verapamil
and digoxin [1,19,20,24].
Intravenous verapamil or diltiazem are class IIa
for the reversal of tachycardia with success of 6498% [1,18,19,24]. For children under the age of 1
year, patients at risk of brady arrhythmias or with
hypotension or systolic dysfunction, these drugs
should not be given. Another option for reversal (Class
IIa) is beta-blocker intravenously [24]. Electrical
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Table 1: Classification of AVNRT types.
Table 1 - Classification of AVNRT types
AH/HA
VA (His) (ms)
Usual ERAA
Typical AVNRT
Slow–fast
>1
<60
His
Atypical AVNRT
Fast–slow
<1
>60
CS os/LRAS
Slow–slow
>1
>60
CS os/LRAS
AH: Atrial to His interval; HA: His to Atrium interval; VA: interval measured from the onset of ventricular Activation on surface ECG
to the earliest deflection of the atrial activation in the His bundle electrogram; ERAA: Earliest Retrograde atrial Activation; CSo:
Ostium of the Coronary Sinus. LRAS: Low Right Atrial Septum.
Table 2: Approach to treatment of narrow QRS tachycardia in the acute phase.
Class of recommendation
Intervention
I
Carotid sinus massage
I
Valsalva maneuver
I
Adenosine 0.1–0.2 mg/kg
IIa
Verapamil (5-10 mg IV during 2 min) or diltiazem (0.25 mg/kg IV 2 min)

synchronized cardioversion is indicated for patients with
hemodynamic instability or if there was ineffectiveness
of drugs [24].
For treatment in the chronic phase, catheter
ablation (radiofrequency or cryoablation) is class I
recommendation [24]. Its immediate success rate
is 96-98%, with risk AV block of 1.0-1.5% and late
recurrence from 3% to 7% [19,24,25]. Among patients
with AVNRT undergoing successfully ablation of the
slow pathway, atrial fibrillation recurs in up to one
third of them despite the decreased incidence of atrial
fibrillation in patients with both arrhythmias. P wave
dispersion measured by 12-lead electrocardiogram was
an independent predictor of atrial fibrillation recurrence
after ablation in patients with AVNRT and paroxysmal
atrial fibrillation [26].
For patients who are not candidates for ablation,
options of drugs are oral beta-blockers, diltiazem or
verapamil [19,24]. Flecainide or propafenone are class
IIa and sotalol, dofetilide and amiodarone are class IIb
recommendation of drugs [24].
Orthodromic Atrioventricular Tachycardia
This tachycardia is the second most common among
regular narrow QRS tachycardia in adults [1,7].
Among children and adolescents, it is responsible for
70-90% of narrow QRS tachycardias. Its prevalence is
up to 0.5% and it is more frequent in those male with a
mean age of 23 years [1,2,5-8]. This tachycardia is one
of the signs of the Wolff- Parkinson-White syndrome
described in 1930. There is abnormal pathway between
atria and ventricle. The incidence of accessory pathways
is 0.1 to 3.1/1000 individuals, reaching 3.4% if familial
incidence [14]. The preexcitation detected by the
presence of delta wave on the electrocardiogram occurs
between 0.15 to 0.28% in the population. However,
its disappearance is observed in 22.5% of children
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Success rate
25%
19-54%
78-96%
64-98%

during the follow up of 10 years. There is an association
with congenital anomalies in 9-32% of cases, as the
disease Ebstein, atrial and interventricular septal
defects, tetralogy of Fallot, and with hypertrophic
cardiomyopathy [1,2,5-8,14,27,28].
The incidence of sudden cardiac death in patients
with accessory pathway is between 0.15 to 0.39%,
reaching 3% to 4% in symptomatic young [1,7].
However, this can be the first demonstration in 48% of
patients. The markers of risk for sudden cardiac death
are presence of symptomatic tachycardia, Ebstein’s
disease, presence of multiple accessory pathways and
RR interval less than 250 ms during preexcited atrial
fibrillation [1,14,27-31].
The accessory pathways make the connection between
the ventricular and atrial myocardium on the right or
left side of heart, or with specialized cardiac conduction
system [7,14,27,28]. Thus, there is earlier ventricular
activation, with initial slurring of the upstroke of
the QRS complex (delta wave) and short PR interval
in classic electrocardiogram [1,14,27,28]. The most
common location of these accessory pathways is left free
wall (more than 50%), followed by posteroseptal region
(20% to 30%), right free wall (10% to 20%) and
septal region (5% to 10%) [7]. Among 2-20% of
the pediatric population, accessory pathways can be
multiple [7,32,33].
According to its driving property, accessory
pathway is classified as manifest or concealed.
Manifest accessory pathway drives electrical stimulus
in antegrade conduction, i.e., from the atrium to
the ventricle, with delta wave in sinus rhythm. The
concealed bypass tract drives electrical stimulus only
in retrograde conduction and it is present in almost
half of patients with accessory pathway. However, only
5% of accessory pathways display exclusive retrograde
conduction. Thus, orthodromic tachycardia occurs
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in approximately 95% of patients, with anterograde
conduction of electrical stimulation over the AV
node, and retrograde conduction over the accessory
pathway. From 5% to 10% of patients with this
syndrome can present antidromic tachycardia (wide
QRS tachycardia), with reentry to the reverse sequence
of electrical stimuli driving [14]. There are other rare
types of tachycardia driven by an accessory pathway,
such as Coumel tachycardia and Mahaim fiber-related
tachycardia [14,27,28].
Electrocardiographic
diagnosis

and

electrophysiological

In sinus rhythm, electrocardiographic signals are
delta wave (initial slurring of the upstroke of the
QRS complex), short PR interval, when the accessory
pathway is manifest, and ventricular repolarization
abnormalities may be present (Figure 4) [1,14,27,28].
The polarity of the delta wave allows identifying the
location of an accessory pathway through its vectorial
orientation and morphology, R/S wave ratio and QRS
polarity [34,35]. The preexcitation with the presence of
delta wave on the electrocardiogram can be intermittent
(on the same tracing there are QRS complexes with
and without delta wave) due to higher refractory period
of the accessory pathway. The preexcitation may be
inapparent or latent, if delta wave is visible only during
maneuvers or use of drugs that reduce the conduction
of electrical stimuli through AV node, allowing
antegrade conduction of stimuli over accessory pathway
in sinus rhythm [7,14,27]. The accessory pathway
is termed concealed if there is no delta wave on the
electrocardiogram and its presence is documented by
tachycardia or by the recording of cardiac electrograms
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during electrophysiological study [5,7,14,27,28].
Orthodromic AV reentrant tachycardia is a narrow
QRS tachycardia and RP’ interval < PR interval
with a slowly conducting accessory pathway, and RP’
interval is greater than or equal to 70 ms (Figure 5) [1].
The polarity of retrograde atrial conduction (P ‘) also
allows the location of the accessory pathway.
The electrophysiological study is important for
the differential diagnosis between AVNRT and AV
tachycardia due to a concealed accessory pathway
[14,15]. If there is preexcitation with delta wave, the
interval measured from delta wave to His electrogram
is negative, i.e., the delta wave begins prior to activation
of the His bundle during sinus rhythm. Orthodromic
tachycardia is triggered by spontaneous or stimulated
atrial premature depolarization or
ventricular
extrastimulus. There is anterograde block in patients
with concealed accessory pathway different from those
with manifest accessory pathway. The retrograde P
wave is not fused with the QRS or negative during
tachycardia and the retrograde activation is eccentric,
the opposite of what occurs in the circuit in AVNRT.
The mapping with intracardiac catheters during
tachycardia or ventricular pacing allows the location of
the accessory pathway through the earliest retrograde
atrial activation [14].
Treatment
Treatment of acute phase and long-term management
are the same as described above regarding the AV nodal
reentrant tachycardia [1,19,20,24]. Catheter ablation is
class I recommendation in patients symptomatic, with
success rate of 92-98% for a single accessory pathway

Figure 4: A 12-lead electrocardiogram during sinus rhythm with delta wave (shown by arrow), short PR interval and ventricular
repolarization abnormalities, consistent with accessory pathway left location.
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Figure 5: A 12-lead electrocardiogram demonstrated an orthodromic AV reentrant tachycardia with retrograde P waves (shown by
arrow) and RP’ interval of 160 ms measured at the derivation D1.

and recurrence from 2% to 11%. The success rate is
lower for ablation of accessory pathways on the right
and the septum and its recurrence is more frequent. The
ablation complications are rare (3% of cases), such
as perforation infarction, valvular lesions, coronary
artery lesions, AV block, embolism and vascular
complications. AV block occurs most commonly in
ablation of anteroseptal or mid septal pathway [25,27].
Ablation in patients with preexcitation and
asymptomatic is controversial. A systematic review
showed that asymptomatic patients with accessory
pathway that did not undergo ablation showed
ventricular arrhythmias in 9% of cases and ventricular
fibrillation in 2% of cases during follow-up [31]. Risk
stratification with exercise testing or Holter is Class I
recommendation [24]. Abrupt loss of delta wave during
exercise or the presence of intermittent accessory
pathway is indicative of low risk. Short refractory
period of the accessory pathway is a predictor of severe
arrhythmic events [36]. Thus, the electrophysiological

study is recommended (Class IIa) for asymptomatic
patients and ablation should be considered in the same
procedure, according to risk stratification [24,31].
Conclusion
The most common narrow regular QRS complex
tachycardias are typical atrioventricular nodal
reentrant tachycardia and orthodromic atrioventricular
tachycardia. The clinical presentation of these
tachycardias practically does not differ from each other.
The electrocardiographic diagnosis is crucial to the
knowledge of its mechanism, despite similar treatment
in the acute phase. Stratification of risk through noninvasive and invasive tests is important, since the
incidence of sudden cardiac arrest is up to 4.5%
in the Wolff- Parkinson-White syndrome. Catheter
ablation is already well established. Cryoablation is
an alternative energy which can reduce the risk of AV
block, especially in children and adolescents. References

Executive summary
• Paroxysmal supraventricular tachycardias with narrow QRS are defined as rhythms originating from above the His
bundle, heart rate higher 100 bpm and QRS complex of less than 120 ms in adults or less than 90 ms in children.
• The main presentations of these regular tachycardias are atrioventricular nodal re-entrant tachycardia and
orthodromic atrioventricular reentrant tachycardia due to an accessory pathway.
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