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The Ultility of a Lewis Lead for Distinguishing
Atrioventricular Reentrant Tachycardia from Typical
Atrioventricular Nodal Reentrant Tachycardia

Yoshinao Yazaki, Kazuhiro Satomi and Taishiro Chikamori

Abstract:

Objective The Lewis lead configuration is an alternative bipolar chest lead and it can help detect atrial ac-
tivity. The utility of the Lewis lead to distinguish orthodromic atrioventricular reentrant tachycardia (AVRT)
from typical atrioventricular nodal reentrant tachycardia (AVNRT) by visualizing the apparent retrogradely
conducted P waves was investigated.

Methods Forty-four patients with paroxysmal supraventricular tachycardia (PSVT) were included in this
study. All patients had PSVT documented by an electrocardiogram (ECG) and underwent an electrophysi-
ological study (EPS). During tachycardia, an ECG recording was performed using a Lewis lead with the
electrode on the right aspect of the sternum at the second intercostal space instead of the right arm and the
electrode on the fourth intercostal space instead of the left arm. The ECG parameters during tachycardia were
compared between AVRT and AVNRT.

Results Fourteen patients were diagnosed with AVRTs and 30 with typical AVNRTSs on EPS. The positive P
wave could be seen in the Lewis lead configuration in 9 of 14 patients with AVRTs and 21 of 30 patients
with AVNRTs. P waves were more often visible in the Lewis lead configuration than in the standard leads
(66% vs. 45%). The RP interval was significantly longer for AVRTs than for AVNRTs (88+17 vs. 154+34
ms, p<0.001), which yields 89% sensitivity and 71% specificity for distinguishing these 2 tachyarrhythmias
with a cut-off point of 100 ms.

Conclusion A Lewis lead configuration may help to make an accurate diagnosis among the reentrant su-
praventricular tachycardias prior to procedures, owing to its ability to locate P waves.
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Introduction

Orthodromic atrioventricular reentrant tachycardia (AVRT)
mediated by a concealed accessory pathway and typical
atrioventricular nodal reentrant tachycardia (AVNRT) are the
most frequent types of paroxysmal supraventricular tachy-
cardias (PSVTs). Implementing non-invasive differential di-
agnosis of PSVTs prior to an electrophysiological study
(EPS) may help specialists to select the optimal treatment
(i.e. medication or catheter ablation) and eventually help
electrophysiologists select their approach to the procedures

catheters). As a result, this could reduce the total procedural
time, fluoroscopic exposure time, and the complication rate.

Several algorithms have been used to distinguish between
these two tachycardias on 12-lead ECG observation of retro-
gradely conducted P waves during tachycardia, such as the
presence of pseudo-r’ deflection in lead V1 or a pseudo-S
wave in the inferior leads, suggesting AVNRT (1, 2). How-
ever, recognizing the morphology and onset of retrogradely
conducted P waves 1is still challenging due to the fact that
they are often being hidden inside QRS or T waves.

The Lewis lead configuration, which is a bipolar chest
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lead, can help detect atrial activity better than the standard
12-lead ECG. This unique method was invented to magnify
atrial electrical activity during atrial fibrillation by Le-
wis (3). Bakker et al. reported that the Lewis lead made it
easy to recognize P-waves during wide QRS tachycar-
dias (4). In the present study, the utility of the Lewis lead to
distinguish AVRT through accessory pathways from typical
AVNRT by visualizing the retrogradely conducted P-waves
was investigated.

Materials and Methods

Study patients

A total of 44 patients with paroxysmal narrow QRS com-
plex tachycardia documented on 12-lead ECG who had an
EPS between July 1, 2012 and February 1, 2014 were in-
cluded in this study. The indications for EPS and catheter
ablation were determined individually based on the clinical
situation and patient preference. Each patient underwent a
standardized diagnostic assessment consisting of physical
examination, laboratory analysis, chest X-rays, 12-lead
ECG, 24-h Holter monitoring, and transthoracic
dimensional echocardiography. Patients with long-RP tachy-
cardia, manifest WPW syndrome, apparent sinus node dys-
function, and a disturbance of the electrical conduction sys-
tem during sinus rhythm were excluded from this analysis.
All patients included in this registry provided their written,
informed consent to participate in the registry. The study
was approved by the Institutional Review Board of Tokyo
Medical University (approval number, T2020-0204).

two-

Electrophysiological and

catheter ablation

study radiofrequency

All patients discontinued anti-arrhythmic drugs, beta
blockers, and calcium antagonists at least five half-lives be-
fore testing to exclude any external influence on the electri-
cal conduction system. EPS was performed with the patient
in a non-sedated state.

In all patients, narrow QRS tachycardias were induced by
atrial or ventricular programmed stimulation during EPS.
Differential diagnosis between AVRT and AVNRT was per-
formed according to previously described criteria (5). In
summary, AVRT was defined as: 1. eccentric atrial activation
during tachycardia with the retrograde activation pattern dur-
ing tachycardia identical to that during rapid ventricular pac-
ing; 2. association of prolongation of the His-ventricle (H-
V) interval during tachycardia with a prolonged His-atrial
(H-A) interval and an increased cycle length; 3. prolonga-
tion of ventriculoatrial (VA) conduction >35 ms, with or
without a change in the tachycardia cycle length, associated
with the development of bundle branch block ipsilateral to
the bypass tract or during right ventricular stimulation in the
presence of a left free wall bypass tract; 4. the inability to
pre-excite the atrium during tachycardia when the His bun-
dle has been depolarized and is therefore refractory to the

retrograde impulse, or the depolarization of the atria by a
ventricular premature depolarization delivered during ven-
tricular pacing before retrograde activation of the His bun-
dle; and 5. termination or delay of orthodromic tachycardia
in the absence of atrial activation by a ventricular premature
depolarization delivered when the His bundle is refractory to
retrograde activation. Typical AVNRT (slow-fast AVNRT)
was defined as: 1. the earliest atrial activation during tachy-
cardia recorded at the His bundle electrogram; 2. dual
atrioventricular (AV) node physiology; 3. VA interval during
ventricular pacing - VA interval during tachycardia >85 ms;
4. ventricular post-pacing interval >115 ms longer than
tachycardia cycle length with a V-A-V response; 5. VA in-
terval (onset of ventricular activation on ECG to the earliest
deflection of the atrial activation in the His bundle electro-
gram) <60 ms; and 6. an atrial-His/His-atrial ratio (AH/HA)
>1.

ECG recording

ECGs with standard leads and with the Lewis lead con-
figuration were recorded at a paper speed of 25 mm/s with a
gain setting of 10 mm/mV at baseline during SR and tachy-
cardia. The Lewis lead is a bipolar chest lead with the elec-
trode on the right aspect of the sternum at the second inter-
costal space instead of the right arm and the electrode on
the fourth intercostal space instead of the left arm (Fig. 1).
The traces of the Lewis lead were recorded in lead I. In all
study patients, the ECG record during EPS was reviewed by
two EP cardiologists who were blinded to the diagnosis of
the tachycardia. The differential diagnosis between AVRT
and AVNRT was performed by ECG observation with stan-
dard and Lewis leads based on visible retrograde P waves
during tachycardia. The RP interval was measured from the
onset of the R wave to the onset of the next P wave on
ECG during tachycardia and compared between the patients
with AVRT and those with AVNRT if the retrograde P
waves were visible. If the onset of the P wave was unclear
due to fusion with the QRS or the T wave, then the trace-
able start was substituted for the onset of the P wave.

Statistical analysis

The numerical data are presented as the means + standard
deviation (SD), and categorical data are presented as abso-
lute numbers or percentages. Serial changes in the electro-
physiological parameters were analyzed with the #-test. Dif-
ferences between the groups were analyzed by an analysis
of variance (ANOVA) for continuous variables and Pear-
son’s chi-squared test for categorical variables. The statisti-
cal analyses were performed using the IBM SPSS software
program (SPSS 19; IBM, Chicago, USA). A p value less
than 0.05 was considered to be significant.
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with the electrode on the right aspect of the sternum at the second intercostal space instead of the

right arm and the electrode on the fourth intercostal space instead of the left arm (A). The original
Lewis lead 1 with the electrode on the manubrium of the right arm and the right aspect of the sternum
at the third intercostal space of the left arm. The original Lewis lead 2 with the electrode on the third
intercostal space of the right arm and the right aspect of the sternum at the fifth intercostal space of

the left arm (B). IC: intercostal space

Table 1. Patients’ Characteristics.
AVRT AVNRT value
(n=14)  (@=30) P
Age (y) 45+15 61+14 0.002
Sex (male, %) 50 53 n.s.
Age at onset of symptoms (y) 29+20 50+20 0.004
Mean duration of episodes (h) 1.8+2 5.0x14 n.s.
Any documented co-arrhythmia (%) 2 (14%) 4 (13%) n.s.

Data are presented as counts with percentages. Plus-minus values represent stan-

dard deviation. AVRT: Orthodromic atrioventricular reentrant tachycardia,

AVNRT: atrioventricular nodal reentrant tachycardia

Results

Patients’ characteristics

A total of 44 patients (age 56+16, 24 males) were in-
cluded in this study. In all included subjects, physical ex-
aminations, laboratory tests, and chest X-rays did not show
any significant changes. ECG documented no abnormality in
sinus rhythm such as pre-excitation or PQ shortening. All
patients were divided into the AVRT group (n=14) and the
AVNRT group (n=30) based on the results of EPS and abla-
tion. The characteristics and clinical history of each group
are summarized in Table 1. The age and age at onset of
symptoms were significantly younger in AVRT patients than
in AVNRT patients (age 45+15 vs. 61%14 years, p=0.002)
(age 29+20 vs. 50+£20 years, p=0.004). The duration and
frequency of arrhythmia were not significantly different be-
tween the two groups. Atrial fibrillation as a co-arrhythmia
was documented in 14% of the AVRT group and 13% of the
AVNRT group.

EPS findings and catheter ablation

In all patients, narrow QRS tachycardia was induced by
programmed atrial or ventricular stimulation. The definitive
diagnosis was made by the pacing maneuver and confirmed
by the efficacy of catheter ablation in all patients. In the
AVRT group, catheter ablation successfully eliminated all
accessory pathways in all patients. The location of the ac-
cessory pathway was defined as the location of the success-
ful ablation site, including 9 in the left, 4 in the right and 1
in the septum. In the AVNRT group, all patients were diag-
nosed as slow-fast AVNRT. The ablation target was the ana-
tomical slow-pathway area between the tricuspid annulus
and the ostium of the coronary sinus in the right posterior
septum. Radio frequency energy was applied until junctional
tachycardia was initiated. The endpoint of ablation was no
inducibility of more than two consecutive AV nodal echo
beats of AVNRT under isoproterenol administration. In all
patients, AVNRT was not inducible after a mean of 3.9 abla-
tion applications. In addition, no complications were ob-
served in all patients.
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Figure 2. ECG examples of AVNRT. ECG with the standard lead II and lead V1 during sinus
rhythm and tachycardia (A). ECG with lead I showing the Lewis lead in a patient with AVNRT dur-
ing sinus rhythm and tachycardia (B) in the same individual. The arrows indicate a retrograde P
wave during tachycardia.
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Figure 3. ECG examples of AVRT. ECG example of standard leads (A) and lead I showing the
Lewis lead (B) in a patient with AVRT during tachycardia in the same individual. The arrows indi-

cate a retrograde P wave during tachycardia.

ECG findings

In all patients, ECG recordings with standard leads and
with Lewis leads during sinus rhythm and tachycardia were
completed. During sinus rhythm, the P wave amplitude was
significantly higher in the Lewis leads than in the standard
leads I (0.08+0.04 vs. 0.04+0.01 mV, p<0.01). During
tachycardia, P waves were seen in standard lead I in 15 of
30 (50%) patients with AVNRT, and in the Lewis lead in 21
of 30 (70%). Retrograde P waves were more visible in the
Lewis lead configuration as an rSr’ pattern of the QRS dur-
ing tachycardia. In the patients with AVNRT, pseudo-r’
waves in V1 were seen in only 11 of 30 (37%), and pseudo-
S waves were seen in lead II in 6 of 30 (20%).

Fig. 2 shows one of the examples of lead II and V1 re-
corded as a standard lead and a Lewis lead in a patient with
AVNRT. A clearer retrograde P wave can be recognized in

the Lewis lead than in the standard lead during tachycardia.
Fig. 3 shows a prominent P wave in the Lewis lead during
tachycardia in a patient with AVRT. There are no clear P
waves in the standard leads. In AVRT, P waves were visible
in 4 of 14 (29%) in the standard lead and 9 of 14 (64%) in
the Lewis lead.

Differential diagnosis of paroxysmal supraventricular
tachycardia

ECG parameters including heart rate and QRS duration
during tachycardia with standard leads were not significantly
different between the AVRT group and the AVNRT group
(Table 2). Cycle length alternans, defined as beat-to-beat os-
cillations in the cycle length >20 ms, and QRS voltage alter-
nans, defined as beat-to-beat oscillation in QRS amplitude
of >1 mm in more than 1 lead, which are specific manifes-
tations of AVRT, were not seen in both groups. The RP in-
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terval was significantly longer in AVRT than in AVNRT (88
+17 vs. 154+£34 ms, p<0.001)(Fig. 4). Using an RP interval
during tachycardia of more than 100 ms in the Lewis lead,
sensitivity, specificity, positive predictive value, and negative

Table 2. ECG Analysis during Tachycardia with the Stan-
dard Leads.

AVRT AVNRT

(n=14) (n=30) ~ Pvale
Heart rate (bpm) 171.5£28.9  169.4+25.5 n.s.
QRS duration (ms) 81.8+10.0 84.3+10.7 n.s.
Cycle length alternans (%) 0 0
QRS voltage alternans (%) 0 0

Cycle length alternans is defined as beat-to-beat oscillations in the cycle
length of 220 ms. QRS alternans is defined as beat-to-beat oscillations in
QRS amplitude of 21 mm in more than 1 lead. Data are presented as counts
with percentages. Plus-minus values represent standard deviation. AVRT:
atrioventricular reentrant tachycardia, AVNRT: atrioventricular nodal reen-

trant tachycardia

predictive value for distinguishing AVRT from typical
AVNRT were 89%, 71%, 57%, and 94%, respectively (Ta-
ble 3).

Discussion

The present results demonstrated that a Lewis lead con-
figuration, which is a bipolar chest lead, may help to detect
retrograde P waves on the ECG during tachycardia in pa-
tients with PSVT. This distinctive lead configuration could
be useful for distinguishing AVRT from typical AVNRT
(slow-fast AVNRT) by measuring the RP interval. A pre-
sumptive diagnosis prior to the catheter ablation procedure
is important for selecting the appropriate ablation strategy
and risk stratification prior to ablation.

Identifying P waves is valuable for differential diagnosis
among arrhythmias such as atrial fibrillation, ventricular
tachycardia, and PSVT. For differential diagnosis of PSVT,
recognizing the position of retrograde P waves has been re-
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Figure 4. Comparison of the RP intervals in patients with AVNRT and AVRT. The RP interval is
the time from the beginning of the R wave to the beginning of the next P wave. The plots indicate the
length of the RP interval. The RP interval is significantly longer in AVRT than in AVNRT (88+17 vs.

154+34 ms, p<0.001).

Table 3. Accuracy of Diagnosis with Lewis Leads for Distinguishing AVRT from Typical AVNRT.

Sensitivity

Specificity

Positive predictive value ~ Negative predictive value

AVRT
RP interval 2100 ms in the Lewis lead

89%

1%

57% 94%

AVRT: atrioventricular reentrant tachycardia, AVNRT: atrioventricular nodal reentrant tachycardia
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ported to be useful. In cases of orthodromic AVRT, the ret-
rograde pulse conducts from the ventricular muscle to the
atrium through the accessary pathway. The retrograde P
wave can be identified after the QRS wave during the tachy-
cardia, so-called short RP tachycardia. On the other hand, in
cases of typical AVNRT, the retrograde impulse travels
through the fast pathway. The simultaneous activation timing
of the atrium through the retrograde fast pathway to ven-
tricular activation veils the retrograde P wave within the
QRS wave. These different properties of retrograde conduc-
tion to the atrium enable the differential diagnosis between
AVRT and AVNRT. Generally, the RP interval of typical
AVNRT is shorter than that of AVRT.

There are several algorithms for the diagnosis of AVNRT
by retrogradely conducted P waves during tachycardia, such
as the presence of pseudo-r’ deflection in lead V1 or
pseudo-S waves in inferior leads (1, 2). However pseudo-r’
and pseudo-S waves were identified in only 37% (11 of 30)
and 20% (6 of 30) of patients with AVNRT, respectively, in
the present study. On the other hand, the retrograde P-wave
could be found in 70% (21 of 30) with the Lewis lead in
the present study.

The Lewis lead is a distinct bipolar chest lead with the
right arm electrode applied to the right side of the sternum
at the second intercostal space and the left arm electrode ap-
plied to the fourth intercostal space. This particular lead
configuration was invented by Thomas Lewis to magnify P
waves caused by atrial excitation during atrial fibrilla-
tion (3). The placements of the original Lewis leads are dif-
ferent from our configuration shown in Fig. 1B. The original
Lewis leads were transposed from the left arm and right arm
to either the right side of the sternum or the manubrium to
enhance the recording of atrial activity. In the present study,
the original Lewis lead was modified to record a clearer P
wave, as other articles concerning the Lewis lead have de-
scribed. Several case reports have suggested that the Lewis
lead can be used to detect P waves dissociated from ven-
tricular beats during ventricular tachycardia (4,6-8). Atriov-
entricular dissociation is one of the characteristic features of
ventricular tachycardias, not of supraventricular tachycardias.
Our aim was to use the Lewis lead in the differential diag-
nosis between AVRT and AVNRT by identifying the retro-
grade P wave.

The visibility of retrograde P waves is higher in Lewis
leads than in the standard leads. P wave amplitude during
sinus rhythm was compared between Lewis lead I and stan-
dard lead I. P wave amplitude was significantly higher in
the Lewis lead than in the standard lead. However, P wave
amplitude in Lewis lead T was not greater than the largest P
amplitude on the standard 12-lead ECG. The vector of the
Lewis lead configuration may also play an important role in
the detection of retrograde P waves during tachycardia.

In the present study, an attempt was made to identify the
retrograde P wave with the Lewis lead and measure the RP
interval during tachycardia. An RP interval of greater than
100 ms was more likely AVRT than AVNRT, with sensitivity

of 89% and specificity of 71%. ECG interpretation including
this method could be useful for differential diagnosis be-
tween AVRT and AVNRT.

Limitations

There were several limitations associated with the present
study. First, atypical AVNRT and atrial tachycardia were ex-
cluded. Therefore, this algorithm with the Lewis lead con-
figuration could not be used for all kinds of PSVT. How-
ever, these arrhythmias are rare for PSVT and show long RP
intervals during tachycardia.

Second, the ECG was recorded with the Lewis lead dur-
ing EPS, not in daily medical care. A further prospective
study is therefore warranted to confirm the utility of the Le-
wis lead configuration for diagnosing PSVT in clinical prac-
tice.

Finally, only the RP interval was used to distinguish be-
tween AVRT and typical AVNRT. The morphology of a ret-
rograde P wave is useful for the differential diagnosis of
PSVT. The positive P wave in lead V1, so-called pseudo-1’,
and the negative P waves in the inferior leads, so-called
pseudo-S indicate the retrograde VA conduction during
AVNRT. The majority of retrograde P waves in the Lewis
lead were positive in the present study. Although it is not
certain that this morphology is useful for the diagnosis, fur-
ther investigation is needed to establish the P wave morphol-
ogy in the Lewis lead for making a differential diagnosis.

Conclusion

A Lewis lead configuration may help make a difficult dif-
ferential diagnosis among the reentrant supraventricular
tachycardias owing to its ability to locate P waves.
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