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Behavior of Retrograde Conduction Time at Supraventricular Tachycardia 
Induction and its Role in Differential Diagnosis  

Comportamiento del tiempo de conducción retrógrada al momento de la inducción de las 
taquicardias supraventriculares y su rol en el diagnóstico diferencial
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ABSTRACT

Background: Differential diagnosis between orthodromic reentrant tachycardia (ORT) and atypical nodal reentrant tachycardia 
(ANRT) can be challenging. Our hypothesis was that ANRT presents more variability in retrograde conduction time at tachycardia 
onset than ORT. 
Objectives: The objectives of this study were to assess retrograde conduction time variability at the start of tachycardia in ANRT 
and ORT, and postulate a new diagnostic tool to differentiate these two types of arrhythmias. 
Methods: The ventriculoatrial (VA) interval of the first beats after tachycardia induction was measured until stabilization. The 
difference between the maximum and minimum VA interval was defined as delta VA (∆VA), and the number of beats needed for VA 
interval stabilization was also assessed. Atrial tachycardias were excluded.
Results: In a total of 101 patients included in the study, ORT was diagnosed in 64 patients and ANRT in 37. ∆VA interval was 0 
(interquartile range [IQR] 0-5) milliseconds (ms) in ORT vs. 40 (21-55) ms in ANRT (p <0.001). The VA interval significantly stabi-
lized earlier in ORT (1.5 [1-3] beats) than in ANRT (5 [4-7] beats) (p<0.001). A ∆VA <10 ms diagnosed ORT with 100% sensitivity, 
specificity, and positive and negative predictive values. Ventriculoatrial interval stabilization in less than 3 beats predicted ORT 
with good diagnostic accuracy. The results were similar considering only accessory septal pathways. Typical NRTs presented an 
intermediate variation.
Conclusion: Presence of ∆VA <10 ms is a simple criterion that accurately differentiates ORT from ANRT, independently of the ac-
cessory pathway localization.
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RESUMEN

Antecedentes: el diagnóstico diferencial entre la taquicardia reentrante ortodrómica (TRO) y la taquicardia por reentrada nodal 
atípica (TRNa) puede ser dificultoso. Nuestra hipótesis es que las TRNa tienen más variabilidad en el tiempo de conducción retrógra-
da al comienzo de la taquicardia que las TRO. 
Objetivos: nuestros objetivos fueron evaluar la variabilidad en el tiempo de conducción retrógrada al inicio de la taquicardia en 
TRNa y TRO, y proponer una nueva herramienta diagnóstica para diferenciar estas dos arritmias.
Métodos: se midió el intervalo ventrículo-auricular (VA) de los primeros latidos tras la inducción de la taquicardia, hasta su estabi-
lización. La diferencia entre el intervalo VA máximo y el mínimo se definió como delta VA (∆VA). También contamos el número de 
latidos necesarios para que se estabilice el intervalo VA. Se excluyeron las taquicardias auriculares. 
Resultados: se incluyeron 101 pacientes. Se diagnosticó TRO en 64 pacientes y TRNa en 37. El ∆VA fue 0 (rango intercuartílico, 
RIC, 0-5) milisegundos (ms) en la TRO frente a 40 (21-55) ms en la TRNa (p <0,001). El intervalo VA se estabilizó significativa-
mente antes en la TRO (1,5 [1‑3] latidos) que en la TRNa (5 [4-7] latidos; p <0,001). Un ∆VA <10 ms diagnosticó TRO con 100% de 
sensibilidad, especificidad y valores predictivos positivo y negativo. La estabilización del intervalo VA en menos de 3 latidos predijo 
TRO con buena precisión diagnóstica. Los resultados fueron similares considerando sólo vías accesorias septales. Las TRN típicas 
tuvieron una variación intermedia.
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INTRODUCTION
Regardless several criteria have been described, the 
differential diagnosis between orthodromic reentrant 
tachycardia (ORT) through an occult accessory path-
way (AP) and atypical intranodal reentrant tachycar-
dia (ANRT) can be challenging. (1-15) The usefulness 
of these techniques usually depends on certain fac-
tors, such as sustained tachycardia and the distance 
from the stimulation site to the tachycardia circuit, as 
well as on certain conditions, as an adequate bundle 
of His recording or capture, and that the tachycardia 
is not interrupted by stimulation maneuvers or post-
stimulation interval correction due to atrioventricular 
(AV) nodal delay caused after entrainment from the 
right ventricle (RV).

Conceptually, these techniques are based on locali-
zation, size and distance of the circuit to certain struc-
tures as the His bundle, the apex, or basal portions of 
the RV, and have not been focused on the electrophysi-
ological components of each circuit. ORT and ANRT 
use AV nodal tissue as antegrade limb of the tachycar-
dia circuit. However, this is not the case for the retro-
grade limb. Although retrograde conduction runs by 
an AP in ORT, it travels through a slower pathway of 
the AV node in ANRT (both in the slow-slow as in the 
fast-slow forms). Therefore, retrograde conduction 
properties are different in ORT, typically independent 
of heart rate (HR), from typically decremental or de-
pendent on HR in ANRT. 

The abrupt change in HR that occurs at tachycar-
dia onset causes changes in the conduction properties 
and refractoriness of the involved tissues. Our hypoth-
esis is that this difference in retrograde conduction be-
tween ORT and ANRT can be better evidenced during 
tachycardia induction, in terms of greater retrograde 
conduction time variability in the first beats of ANRT 
than in those of ORT. The objectives of the study were 
to systematically analyze and compare retrograde con-
duction time variability at the start of ANRT and ORT, 
and find a cut-off value that constitutes a new diagnos-
tic tool to differentiate between these two arrhythmias.

Additionally, we included a few patients with ORT 
mediated via a decremental conduction AP and a group 
of patients with typical NRT (tNRT). The analysis of 
tNRT was not carried out for diagnostic purposes, but 
with the objective of performing a pathophysiological 
description of retrograde conduction behavior in dif-
ferent types of paroxysmal supraventricular tachycar-
dia (SVT).

METHODS
Study population
Patients with SVT referred for electrophysiological study 
were included in the analysis. Irregular tachycardia, preexci-

tation during sinus rhythm, atrial tachycardia, two coexistent 
mechanisms of arrythmia (e.g. ANRT with AP) and previ-
ous ablation were considered exclusion criteria. Since bundle 
branch block prolongs the  ventriculoatrial (VA) in ORTs that 
use an ipsilateral AP, patients with transient bundle branch 
block after induction were also excluded. No patient had 
structural heart disease. The study was approved by the Eth-
ics and Research Committees of the participating centers.

Electrophysiological study
After obtaining the informed consent, an electrophysiologi-
cal study was performed in fasting patients under local anes-
thesia, without sedation. All antiarrhythmic drugs were dis-
continued for at least 5 half-lives before the study. Surface 
and intracavitary electrophysiological tracings were record-
ed in a digital polygraph, and blindly electronically analyzed 
at 200 mm/s by two electrophysiologists. In these conditions, 
the expected measurement margin of error of intracardiac 
intervals is considered to be ±5 ms at 100 mm/s and less at 
greater speeds (±1 ms at 400 mm/s). (16)

The diagnosis of NRT and ORT was performed accord-
ing to standard electrophysiological criteria, (2,5-15,17-19) 
and the ablation outcome. A fast-slow ANRT was considered 
when the AH interval was <180 ms and the AH/HA ratio 
<1 during tachycardia. (20-22) The criteria for a successful 
ablation were: no tachycardia inducibility, elimination of AP 
conduction in ORT and exclusion of sustained conduction 
via the slow pathway in ANRT. Supraventricular tachycar-
dia was induced through programmed atrial or ventricular 
stimulation. Isoproterenol was administered if tachycardia 
was non-inducible or not sustained.

Variability of retrograde conduction time was measured 
to evaluate the VA intervals of the first beats after tachycar-
dia induction, until this interval was stabilized. A stable VA 
interval was assumed when its duration was not modified 
for 3 consecutive beats and was equal to the VA interval of 
the established tachycardia. The VA interval was measured 
from the beginning of the QRS interval in a surface lead to 
a bipolar septal atrial electrogram (usually proximal coro-
nary sinus). We preferred coronary sinus recordings since 
the ventricular electrogram is far field and low voltage, and 
the coronary sinus recording allows a clear identification of 
atrial electrogram onset and its stable position. Maximum 
and minimum VA interval (VAmax and VAmin) were iden-
tified and ∆VA was calculated for each type of tachycardia 
(∆VA=VAmax – VAmin), independently of the stable VA in-
terval. The number of beats necessary for VA interval stabi-
lization was also assessed.

Statistical analysis
Discrete variables were expressed as percentages and contin-
uous variables as mean ± standard deviation or median and 
interquartile range (IQR 25-75) according to their distribu-
tion. The chi-square test or Fisher’s exact test was used for 
discrete variables and the Mann-Whitney U test for continu-
ous variables. Sensitivity, specificity, and positive and nega-
tive predictive values (PPV, NPV) were calculated using the 
electrophysiological study diagnosis as gold standard. The 
area under the ROC curve (AUC) for ∆VA and the number 
of beats needed for VA stabilization variables was calculated 

Conclusión: un ∆VA < 10 ms es un criterio simple, que distingue con precisión la TRO de la TRNa, independientemente de la local-
ización de la vía accesoria.

Palabras clave: Taquicardia Supraventricular - Taquicardia por Reentrada en el Nodo Atrioventricular - Taquicardia Ectópica de 
Unión
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ANRT: atypical nodal reentrant tachycardia; VA: ventriculoatrial

to differentiate between ORT and ANRT. Youden’s J statistic 
was considered to find the best cut-off point for these vari-
ables. (23) A p value <0.05 was considered as statistically 
significant. IBMSPSS v.26 (Armonk, NY, USA) was used to 
perform the analyses.
 
RESULTS
A total of 156 patients (73 men) with median age 46 
(29-65) years were included in the study. Among them, 
37 patients were diagnosed with ANRT and 64 had 
ORT via a classical occult fast conduction AP (Kent 
bundle), with septal (n=33), left lateral (n=30) or 
right lateral (n=1) localization. Six patients were also 
included with ORT via a decremental conduction AP 
(Coumel type) which were separately analyzed. The 
remaining 49 cases formed the group with tNRT.

ANRT analysis
All ANRTs had some degree of variability in the time 
of retrograde conduction, i.e. no ANRT exhibited a 
fixed VA interval. Median ∆VA was 40 (21-55) ms and 
the VA interval stabilized in 5 (4-7) beats (Figure 1).

Comparison with ORT
Thirty-two (50%) ORTs displayed no variability in the 
VA interval (Figure 2), exhibiting a ∆VA interval of 0 
(0-5) ms, significantly lower than in ANRT (p<0.001). 
The VA interval stabilized in 1.5 (1-3) beats, signifi-
cantly before than in ANRT (p<0.001) (Table 1). These 

findings were similar in septal and free wall APs.
No ORT had ∆VA ≥10 ms. As shown in Figure 3, 

∆VA <10 ms differentiated ORT from ANRT with 
100% sensitivity, specificity, PPV and NPV. Stabiliza-
tion of the VA interval in less than 3 beats identified 
ORT with 64.1% sensitivity, 94.6% specificity, 95.3% 
PPV, 60.3% NPV and AUC of 0.895 (Table 2).

The comparison between ANRT and ORT via sep-
tal AP (n=33) presented similar results. A ∆VA <10 
ms identified ORT with 100% sensitivity, specificity, 
PPV and NPV. Stabilization of the VA interval in less 
than 3 beats predicted ORT with 54.5% sensitivity, 
94.6% specificity, 90% PPV, 70% NPV and AUC of 
0.857 (Table 2).

Subgroup of patients with decremental conduction AP
In the six patients with decremental conduction AP, 
∆VA was significantly lower (15 [5-20] ms; p=0.006) 
than in patients with ANRT, but the VA interval 
was stabilized in a similar number of beats (4 [3-7]; 
p=0.481). A ∆VA <20 ms identified these patients 
with 83.3% sensitivity, 74.2% specificity, 38.5% PPV, 
95.8% NPV and AUC of 0.844. The ORTs via dec-
remental pathways were compared with fast-slow 
ANRT, as they present with SVT with long RP. A ∆VA 
<20 ms predicted ORT mediated by decremental con-
duction pathways with 83.3% sensitivity, 73.3% speci-
ficity, 55.6% PPV, 91.7% NPV and AUC of 0.856.

A

B

Fig. 1. ANRT induction in 2 
different patients. A: Induc-
tion by programmed atrial 
stimulation. The VA interval 
stabilizes in the 5th beat and 
∆VA is 62 ms (maximum VA 
interval: 172 ms; minimum 
VA interval: 110 ms). The VA 
interval was measured from 
the beginning of the QRS 
complex in V1 to the atrial 
electrogram in the proximal 
coronary sinus. The intracavi-
tary recordings are bundle of 
His and proximal (p), medial 
(m) and distal (d) coronary si-
nus (CS). B: Induction by pro-
grammed atrial stimulation. 
The VA interval stabilizes in 
the 6th beat and ∆VA is 56 ms 
(maximum VA interval: 275 
ms; minimum VA interval: 
219 ms). The VA interval was 
measured from the begin-
ning of the QRS complex in 
V2 to the atrial electrogram 
in the medial coronary sinus. 
The intracavitary recordings 
were proximal (p) and distal 
(d) right ventricle (RV) and 
proximal (p), medial (m) and 
distal (d) coronary sinus (CS).
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Fig. 2. ORT induction using a 
septal accessory pathway in 2 
different patients. A: Induc-
tion by atrial extra stimulus 
over sensed rhythm. Tachy-
cardia has a fixed VA interval 
from the first beat. ∆VA is 0 
ms. The VA interval was mea-
sured from the beginning of 
the V2 complex to the atrial 
electrogram in the proximal 
coronary sinus. Intracavitary 
recordings are proximal (p), 
medial (m) and distal (d) coro-
nary sinus (CS) and proximal 
(p) and distal (d) His bundle. 
B: Induction by programmed 
atrial stimulation. Tachycar-
dia has a fixed VA interval 
from the first beat. ∆VA is 0 
ms. The VA interval was mea-
sured from the beginning of 
the V2 complex to the atrial 
electrogram in the proximal 
coronary sinus. Intracavitary 
recordings are His bundle and 
proximal (p), medial (m) and 
distal (d) coronary sinus (CS).

Subgroup of patients with typical NRT
Forty-nine patients with typical NRT were included 
with the purpose of analyzing the characteristics of 
retrograde conduction via a fast pathway. All these pa-
tients showed some degree of variability in retrograde 
conduction time. ∆VA was 10 (6-16) ms and the VA 
interval was stabilized in 4 (3-4.5) beats. This repre-
sents an intermediate behavior of retrograde conduc-
tion. The variability of the VA interval (both in ∆VA 
as in the number of beats needed for its stabilization) 
was significantly lower than in ANRT and higher than 
in ORT (p<0.001 for both comparisons).

Globally, the variability of the VA interval did not 
evidence an incremental or decremental behavior. On 
the contrary, the VA interval showed an unpredict-
able beat to beat prolongation or shortening until a 
stable duration was reached. Isoproterenol infusion 
was used to induce tachycardia in 15% of patients 
whose tachycardia was faster than in those without 
isoproterenol (cycle length of 306 ms vs. 354 ms; p 
<0.001), but ∆VA and the necessary number of beats 
for VA interval stabilization were not significantly 
different. The VA interval variability was similar in 
tachycardia induced by programmed atrial or ven-
tricular stimulation.

DISCUSSION
Our study findings show that ORTs have minimum or 
null variability in the first VA intervals after tachycar-
dia induction. Conversely, all ANRTs evidenced some 
degree of VA interval variability. This higher variabil-
ity was manifested as a greater difference between the 
longest and shortest VA interval (∆VA), as well as in a 
higher number of beats needed to attain VA interval 
stabilization. A ∆VA <10 ms differentiated ORT from 
ANRT with 100% sensitivity, specificity, PPV and 
NPV. This is a highly relevant finding, mainly in cases 
of occult septal APs where the ablation strategies of 

A

B

Table 1. VA interval variability in ORT and ANRT 

ΔVA (ms)

Number of beats

ΔVA <10 ms

Beats <3

0 (0-5)

1.5 (1-3)

64/64 (100%)

41/64 (64.1%)

40 (21-55) *

5 (4-7) *

0/37 (0%) *

2/37 (5.4%) *

ORT (n=64) ANRT (n=37)

* p <0.001 for all comparisons. 
ΔVA: Difference between maximum and minimum VA interval; Beats 
<3: patients with stable VA interval in <3 beats; Number of beats: neces-
sary number of beats for VA interval stabilization; ANRT: Atypical nodal 
reentrant tachycardia; ORT: Orthodromic reentrant tachycardia; VA: 
ventriculoatrial
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the reentrant circuit differ substantially from those 
employed in ANRT.

Previous studies
Variability in the AV relation during tachycardia has 
been consistently associated with atrial tachycardia. 
(24,25) This can occur spontaneously or in response 
to stimulation maneuvers. Effectively, this criterion 
has been used to differentiate atrial tachycardia from 
NRT in which atrial activation is assumed as “asso-
ciated” to ventricular activation. (1,5,24-26) This as-

sumption has been considered for ORT throughout all 
publications on SVT.

A recent study showed changes in retrograde con-
duction time after fast-slow ANRT induction. (27) 
The authors reported shortening of the first HA in-
terval compared with the HA interval of the estab-
lished tachycardia. We analyzed all the VA intervals 
since the start of tachycardia until it attained a stable 
duration for 3 consecutive beats and included not only 
fast-slow ANRT but all ANRTs, as well as ORTs. As 
previously mentioned, VA interval variability in this 

Fig. 3. The scatter diagram 
shows individual ∆VA in 
ANRT and ORT. The 10 ms 
line represents the cut-off 
value to differentiate be-
tween these two arrhythmia 
mechanisms. 

AUCAUC AUCSensitivity Specificity

ORT vs. ANRT

    ΔVA <10 ms

    Beats <3

ORT (septal accessory pathways) vs. ANRT

    ΔVA <10 ms

    Beats <3

100%

94.6%

(87-100%)

100%

94-6%

(87-100%)

1

0.895

(0.836-0.954)

1

0.857

(0.771-0.954)

100%

95.3%

(89‑100%)

100%

90%

(77-100%)

100%

60.3%

(48-73%)

100%

70%

(57-83%)

100%

64.1%

(52-76%)

100%

54-5%

(38-72%)

Table 2. Diagnostic yield of 
VA interval variability to dif-
ferentiate ORT from ANRT 

ΔVA: Difference between maximum and minimum VA interval; ANRT: Atypical nodal reentrant tachycardia; 
AUC: Area under the ROC curve; Beats <3: patients with stable VA interval in <3 beats; NPV: Negative predic-
tive value; ORT: Orthodromic reentrant tachycardia; PPV: Positive predictive value. 
Values between parentheses represent 95% confidence interval. VA: ventriculoatrial

Atypical NRT. Atypical nodal reentrant tachycardia; ORT: Orthodromic reentrant tachycardia

Atypical NRT ORT



115RETROGRADE CONDUCTION TIME AT SUPRAVENTRICULAR TACHYCARDIA INDUCTION AND ITS ROLE IN DIFFERENTIAL DIAGNOSIS / Claudio Hadid et al.

1. Kadish AH, Morady F. The response of paroxysmal supraventricu-
lar tachycardia to overdrive atrial and ventricular pacing: can it help 
determine the tachycardia mechanism? J Cardiovasc Electrophysiol 
1993;4:239-52. https://doi.org/10.1111/j.1540-8167.1993.tb01227.x
2. Ormaetxe JM, Almendral J, Arenal A, Martínez-Alday JD, Pas-
tor A, Villacastín JP, et al. Ventricular fusion during resetting and 
entrainment of orthodromic supraventricular tachycardia involving 
septal accessory pathways. Implications for the differential diagno-
sis with atrioventricular nodal reentry. Circulation 1993;88:2623-31. 
https://doi.org/10.1161/01.CIR.88.6.2623
3. Martínez-Alday JD, Almendral J, Arenal A, Ormaetxe JM, Pastor 

REFERENCES

study did not exhibit a uniform pattern (incremental 
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VA interval variability at tachycardia induction 
had never been used as a criterion to distinguish 
ANRT from ORT. We analyzed the VA relation only at 
tachycardia induction, both in ANRT as in ORT, and 
found that all ANRTs had some degree of variability 
compared with only 50% in ORTs. ∆VA was <10 ms in 
all ORTs and in none of the ANRTs.

This is an easily applicable criterion without the 
usual limitations of the commonly used electrophysi-
ological maneuvers (e.g. non-sustained tachycardia, 
termination during entrainment attempts, loss of cap-
ture during stimulation, or His bundle inadequate re-
cording or capture). It can be evaluated measuring the 
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maneuvers. The only requisite that must be fulfilled is 
tachycardia induction. 
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tachycardia induction to differentiate ORT from 
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teria that are used after entrainment (post-stimula-
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age non-sustained tachycardias. (29) However, the 
marked variability of the initial VA intervals in our 
study (VA=40 [21-55] ms in ANRT) may lead to a 
false diagnosis with this maneuver. Moreover, the cri-
teria postulated by Obeyesekere is limited to tachy-
cardias induced from the ventricle. Our findings were 
similar in tachycardias induced by atrial and ventricu-
lar stimulation. The fact that an adequate diagnosis 
was performed in a median of 5 beats since tachycar-
dia induction, suggests the potential usefulness of VA 
interval variability in non-sustained SVT.

The value of ∆VA for ORT diagnosis is independent 
of AP localization. The usefulness of many diagnostic 
criteria described is lower in the presence of left lat-
eral AP. (4,30-32)

Possible mechanisms
As previously mentioned, the retrograde limb of the 
tachycardia circuit has different properties in ORT 
and ANRT. The refractory period is longer in the first 
tachycardia beat and progressively shortens when this 
starts. In this scenario, retrograde conduction via a 
slow nodal pathway can be less uniform and show dif-
ferent conduction times from the one occurring via an 
AP with all-or-none conduction. (33,34)

Another possible explanation for VA interval vari-
ability in ANRT is the occult penetration of the extra 
stimulus that initiates the tachycardia, which results 
in different conduction times and degrees of refrac-
toriness in the rest of the circuit. Occult conduction 
between fast and slow pathways was demonstrated in 
patients with dual AV nodal physiology. (35,36)

Lastly, a final common superior pathway could 
be the seat of retrograde conduction changes. (37,38) 
Since tNRT had lower VA variability than ANRT, a dif-
ferent behavior of the final common pathway should 
be assumed in these two situations.

Limitations
Although ∆VA showed excellent diagnostic accuracy, it 
has some limitations. Irregular tachycardias were not 
included to avoid the influence of cycle length or an-
tegrade conduction changes on retrograde conduction 
time. The value of our criterion lies in the identifica-
tion of small changes in the initial VA intervals of a 
regular tachycardia. Tachycardias with transient bun-
dle branch block were also excluded. The results of the 
present study do not apply in these two situations.

In addition, atrial tachycardias were also excluded 
from the study. Since these tachycardias may have VA 
interval variation, they must be ruled out by means of 
other criteria before performing the ANRT diagnosis. 

CONCLUSION
Retrograde conduction time after SVT induction is 
significantly more variable (in terms of ∆VA and the 
necessary number of beats to reach VA interval stabi-
lization) in ARNT than in ORT. A ∆VA <10 ms distin-
guished ORT from ANRT with 100% sensitivity and 
specificity. We present a new method, simple and ac-
curate, which does not require additional maneuvers 
to tachycardia induction, and that should be employed 
to perform the differential diagnosis between ANRT 
and ORT, independently of AP localization.
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