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Value of Analysns of ST Segment Changes During Tachycardla in
Determmmg Type of Narrow QRS Complex Tachycardla
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Objectives. Repolarization changes during narrow QRS com-
plex tachycardia were analyzed to differentiate the tachycardia
mechanism and to guide the preliminary location of the accessory
pathway.

Background. Noninvasive determination of the mechanism of
tachyeardia is becoming increasingly important in view of the role
of catheter ablation techniques for the cure of supraventricular
~tachycardia.

Methods. We analyzed 159 12-Iead electrocardiograms during
narrow QRS complex tachycardia to evaluate 1) the tachycardia
cycle; and 2) ST segment depression or T wave inversion, or both.
Each patient underwent a complete electrophysiologic evaluation.

Results. There were 13 atrial tachycardias, 57 atrioventricular
(AV) nede reentrant tachycardias and 89 AV reciprocating tachy-
cardias. The mean RR cycle did not differ among types of
tachycardia. ST segment depression >2 mm or T wave inversion,

or both, was present more often in AV reciprocating tachycardia
(57%) than in AV node tachycardia (25%), The magnitude of ST
segment depression was greater in AV reciprocating tachycardia
than in AV node tachycardia (mean + SD 13 x 16 vs. 0.7 %
0.8 mm, p < 0.005). In AV reciprocating tachycardia distinct
patterns of repolarization changes and P wave configuration were
associated with different sites of the accessory pathway.
Conclusions. The presence of ST segment depression >2 mm or
T wave inversion, or both, during narrow QRS complex tachycar-
dia suggests that AV reentry using an accessory pathway is the
mechanism of the tachycardia. The phenomenon may be the

_consequence of a distinct pattern of retrograde atrial activation.

Analysis of repolarization changes can guide preliminary local-
ization of the accessory pathway even in the absence of ventricular
preexcitation.

(- Am Coll Cardiol 1996;27:1480-5)

" In view of the increasing role of catheter ablation techniques
for the treatment of supraventricular tachycardia (atrial tachy-
cardia, atrioventricular [AV] node reentrant fachycardia and
AV reciprocating tachycardia utilizing an accessory pathway),
noninvasive determination of the tachycardia mechanism is
becoming increasingly important.

In recent vears, several electrocardiographic (ECG) criteria
have been advanced to make this differentiation (1-8). Fur-
thermore, various ECG criteria for preliminary location of the
accessory pathway in patients with the Wolff-Parkinson-White
syndrome during sinus rhythm have been reported (9-13).
However, only a few studies have focused on the. possible
diagnostic value of the repolanzanon changes occurring during
paroxysmal narrow QRS complex tachycardia (14-16). ‘

In this study we analyzed repolarization changes during
narrow QRS complex tachycardia to find 1) new ECG criteria
useful in differentiating the tachycardia mechanism, and 2) a
method for preliminary location. of the accessory pathway in
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the absence of ventricular preexcitation in the ECG during
sinus rhythm (intermittent preexcitation, concealed accessory
pathway).

Methods

We evaluated 159 12-lead ECGs recorded during paroxys-
mal supraventricular tachycardia at the time of an invasive
electrophysiologic study; in all cases the ECG was also re-
corded during sinus rhythm. The inclusion criterion was the
presence of a regular narrow QRS complex (<0.11s) tachycar-
dia with a 1:1 relation of AV activity. All episodes of atrial
flutter or fibrillation were excluded from the study.

The 12-lead ECG was recorded at a paper speed of 25
mm/s, gain setting of 10 mm/mV and filter settings of 0.5 :and
100 Hz. The limb and the precordial leads were recorded

. separately as two-groups of six leads each. All six leads were

recorded sxmultaneously for an average of 15 s andin no:case
for <10s:

- In each panent the mechamsm of the tachycardxa was’

. determined during the electrophysiologic study by using stan-

dard techniques (17), mcludmg atrial extrastimulus testing and
overdrive, The patients had a mean-age + SD of 38+ 13 years
(range 13 to 72). Each patient underwent a nonminvasive
evaluation of myocardial perfusion (stress test or exercise

0735-1097/96/515.00
- PI1 SOT35-109)96Y000137



JACC Vol. 27, No.'6
May 1996:1480-5

RIVAET AL.
 NARROW QRS COMPLEX TACHYCARDIA

1481

Table 1. Anaiyms of Criteria for Dlﬂerennaung Tachycardia Types

AVRT

AVNRT AT

) P
- Criteria (n'= B9): (n =157) C{n=13) Value
Cycle {ms) | 3% £ 66 385+ 63 352258 NS
LST=2mmor | T, or both 51(57%) 14.(25%) 1 <0001
Magnitude of | ST (mm) 13216 0708 NA < 0.005
Intcratria] activation time (ms) 80+20 Rx12 NA < £.001

" Data are éxpressed as number (%) of patients or mean value * SD. AT = atrial tachycardia; AVNRT =
amwenmaﬂarnodemenmtmhywdm,AVRT atrioventricular reentrant tachycardia; NA = not available; | ST =

ST segment depression; | T = T wave inversion,

scintigraphy, or both). Only patients without structural heart
disease were included in the study.

ECG analysis criteria. Each ECG. was analyzed for the
following variables: 1) tachycardia cycle length (RR interval);
2) ST scgment or T wave changes, or both, defined as
horizontal or downsloping ST segment depression of =2 mm,
persisting 80 ms after the J point, or inversion of a T wave that
" was positive in the same lead during sinus rhythm.

The duration of interatrial activation times during tachvcar-
dia was calculated as the difference (in ms) between the
earliest and the latest atrial activation in the available intra-
cavitary recording at a paper speed of 100 mmys; this variable
was obtained only when simultaneous recordings of atrial

activation in the high right atrium, septum and coronaty sinus
were available (17;18).

All ECGs were initially analyzed by an observer who had no

knowledge of the tachycardia type.

Statistical analysis. Data are expressed as mean value *
SD. When appropriate, the following tests were performed:
Student unpaired  test; univariate one-way analysis of variance

) (ANOVA) of discrete variables, corrected for selected covari-
ate in definite cases, by SPSS; univariate ANOVA using the

Scheffié F test analysis of variance by SPSS; McNemar's -

chi-square test; and linear regression analysis. A p value < 0.05
was considered significant.

Results
'Of the 159 narrow QRS complex tachycardias included in

the ‘study, 13 were atrial tachycardias, 57 AV node reentrant

tachycardias and 89 AV reciprocating tachycardias. Of patients
with the latter type of tachiycardia, 55 had overt preexcitation

during sinus thythm and 34 had a concealed accessory path- -
way. No tachymrdlas of the Coumel type were included in the

study.

The mean tachycardia cycle length in the study group was -

~343+65ms(range22010650) no - significant -differences

among the three tachycardia groups were ahserved (Table 1). -

ST segment depression and different tachycardia mecha-
uisms, ST segment depression: =2.mm was present signifi-

canﬂymoreoftcnmAVreclprocanngtachymrdmdmnmAV ‘
node reentrant or atrial tachycardia (Table 1). The magnitude -

"+ of ST segmient depression was greater in AV reciprocating
“than in AV node reentrant tachvcardia (Table 1); this statisti-

cal difference was independent of the tachycardia rate but
related to the duration of interatrial activation times during
tachycardia. Plotting of the cycle length of tachycardia versus
the degree of ST segment depression shows a different pattern
for these two types of tachycardia. A weak inverse correlation
exists only for AV reciprocating tachycardia (r = 0.43, p <
0.0001) and not for AV node reentrant tachycardia (r = 0.23,
p = 0.06). In. 37 (72%) of the 51 patients with ST segment
depression >2 mm during AV reciprocating tachycardia, atrial
pacing was performed at the same cycle length as that of the
spontaneots tachycardia; in no case 4id the pacing resultin ST
segment changes similar to those of the spontaneous tachycar-
dia. The magnitude of ST segment depression did not differ -
between patients with manifest and concealed accessory path-
ways (1.£ 14 vs. 1.7 = 1.2 mm, p = NS). The specificity,
sensitivity and positive predictive value of the aforementioned
criteria are shown in Table 2.

Relation to retrograde atrial activation patteru. Interatrial
activation times were longer in patients with an accessory
pathway-mediated tachycardia than in those with AV pode
recntrant tachycardia (Table 1). This statistical difference was
unaﬁectedbylocanon(eg,,ﬁeewa]lorseptal)ofthe accessory
pathway (Table 3) and was still present when interatrial
activation times of AV node reentrant tachycardia were com-
pared only with those of tachycardia due to a-posteroseptal
accessory pathway (32 = 12 vs. 76 = 14 ms, p < 0.001). The

Table 2. Sensitivity, Specificity and Positive Predictive Value of

Seleded Criteria for Tachycardia Types )
iti .
Sensitivity Specificiy ; “'l." *
(%) (%) Vahue (%)
Right P-PS AP
LT (ead I, I or aVF) 3 84 67
Left lateral AP
ST (lead V, 10 V) 64 o0 54
AT-(lead V) 100 100 S (|
AVRT Lo .
AST-T 51 ® T
AVNRT . . DR '
AST T % 8 5

AP accessoty pathway; P-PS = pmmorpostcnnepd,m'l‘ STor

*T wave changes; AT = 1 wave-changes; other abbreviations as m Table 1.
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- Table 3. Anafysisof Elec;rocardiogfaphic Criteria for Differentiating Accessory Pathway- Location

: Right Left Left Right P
Criteria PPS(n=31) PPS(n=13) Lateral(n=3%) AS(n=6) Value
. |ST(lead V5t0V,) ‘ 15 5 ‘ 2% 1 <0.001
LT (lead I HLaVF) 19 5 2 2 <0001
AT (lead V). o 0 0 0 6 <0001
 interatriai activation time- (ms) M4 8014 . 82+25 90 NS

+ Data are expressed a5 number of patients or mean value + SD. AS = antcroseptal; other. abbreviations as in Table 2,

duration of =trial activation was longer in tachycardias associ-
ated with ST segment depression >2 mm than in those without
this association (67 + 28-vs. 50 = 28 ms, p-< 0.005).
Repolarization changes and accessory pathway location.
In the group with AV reciprocating tachycardia, ST segment
depression in leads V; to V, was observed more frequently in
patients with a left latcral accessory pathway; the presence of
a negative T wave in leads I1, I1I, aVF was indicative of a right
posterior or posteroseptal dccessory pathway; a negative or
“notched T wave in lead V, was specific for an anteroseptal
accessory pathway (Table 3). No significant differences in the
pattern of repolarization changes were observed between right

posteroseptal and left posteroseptal accessory pathways. The

specificity, sensitivity and. ‘positive predictive value of these
criteria are listed in Table 2.

Discussion

Currently used criteria-to differentiate AV reciprocating

tachycardia from AV node reentrant tachycardia include anal-

- ysis of the P-QRS relation, distinct patterns of the P wave

* (pseudo S wave in inferior leads and pseudo incomplete right

- bundle block inlead V, in AV node reentrant tachycardia) and
the presence of QRS alternans (1-8).

The data of this study show that analysis of the repolariza-

5%

a\e]

tion changes occurring during narrow QRS complex tachycar-
dia is a useful adjunct for determining the type of supraven-
tricular tachycardia. Furthermore, in patients with AV
reciprocating tachycardia, preliminary location of the acces-
sory pathway can be achieved with good sensitivity an< speci-
ficity even in the absence of ventricular preexcitation during
sinus rhythm,

Tachycardia mechanism. Analysis of repolarization
changes during narrow QRS complex tachycardia has been
previously undertaken to rule out the presence of underlying
coronary artery disease. Kim et al. (15) concluded from their
study that ST segment depression >1 mm is a physiologic
response, unrelated to myocardial ischemia but related to
tachycardia rate, providing no independent diagnostic infor-
mation regarding its mechanism.

Our data support the view that ST segment depression
>2 mm or T wave inversion in one or more leads indicates AV
reentry through an accessory pathway as the tachycardia
mechanism (Fig. 1). The extent of ST segment depression is
greater in AV reciprocating tachycardia than in AV node
reentrant tachycardia, and the difference is still significant after
correcting for heart rate. Thus, the predictive value of ST
segment depression appears tc be independent of the tachy-
cardia rate. In fact, in our patients who underwent atrial pacing
(72%), stimulation at the tachycardia cycle length did not

1 Figure 1. Twelve-lead electrocardiogram re-
corded during atrioventricular reentrant tachy-
cardia in a patient with. a left lateral accessory

- pathway. Downsloping ST segment depression °
(6 mm) can be appreciated in leads V to V.
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‘Figure 2. Simultancous recording of six surface |
: elcctrocardmgraphlc leads and an intéacavitary "
atrial electrogram in'a patient with'a iéft lateral .
accessory pathway, during (leRt) atrial pacing
and (right) spontaneous atrioventricular recip-.
rocating tachycardia (AVRT) at the same Cycle
length (300 ms). ST segment depression is
significant (>2 mm) only during -tachycardia.
Paper speed = 25 mm/s. HRA = high right

atrium; st = stimulus.
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result in significant ST segment depression (Fig. 2). In our
study, linear regression analysis of the cycle length of the
tachycardia versus the degree of ST depression showed a weak
correlation only for AV reciprocating tachycardia and not for
AV node reentrant tachycardia (Fig. 3). This disagreement
with the observations of Kim et al. (15) may be explained by
the different cutoff value (>2 mm) we used for ST segment
depression, thus indicating that only marked ST segment
depression is of diagnostic value.

Mechanism of ST segment depression during tachycardia.
' Depression of the ST segment during AV reciprocating tachy-
cardia ‘in our patients was not related to the presence of
ventricular preexcitation during sinus rhythm. This finding
rulés out the possibility of a “memory” effect, which is known
to be responsible for tranzient repolarization changes during
narrow QRS ¢onduction in patients with intermittent ventric-
ular preexcitation or after catheter ablation of the accessory
pathway (19,20).

To investigate the origin of the repolarization changes

Figore 3. Plot of cycle length of tachycardia versus dcgree. of ST
segment depression in atrioventricular node reentrant “achycardia
(AVNRT) and atrioventricular reciprocating tachycardia (AVRT).
See text for explanation.
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observed during tachycardia, we compared the pattuns and
duration of retrograde atrial activation during AV reciprocat-
ing and AV node reentrant tachycardia. The time difference of
the earliest and the latest atrial activation measured at three
atrial sites (high right atrium, septum and coronary sigus) was
taken as an estimate of the total atrial activation time (17,18).
The location of the accessory pathway did not influcnce the
duration of retrograde atrial activation (as demonstrated by
the similar values found in patients with a free wall or septal
accessory pathway) More specifically, the duration of retro-
grade activation was significantly longer, in tachycardias due 10
aseplallylocatedaowssorypathwaythanmAVnodereen
trant tachycardia. In the latter type of tachycardia, atrial
retrograde activation starts in the middle of the heart (where
the AV mode is'located), although in septally Jocated accessory
pathways in the AV ring. Furthérmore, in AV node reentrant
tachycardia it is likely that retrograde activation occurs from
the AV node to the atria through the same functionally
“preferential” conduction pathways that' convey anterograde .
inputs to the AV node during sinus rhythm (17.21); hence, the
tynical intracavitary. pattern of retrograde activation OCCurring
almost simultaneously in the septum and right and left atria-
duririg AV node ‘reentrant tachycardia and the narrow retro-
grode P wave observed during AV node tachycardia with 21:1
AV biock (22). In contrast, during AV reciprocating tachycar-
dia, retrograde activation of the atria occury ecoentrically from
the accessory: pathway insertion site and may be ‘completed
over a’longer time because of the lower speed of combined

longitudinal and transverse muscle fiber activation (23).

Correction of the extent of ST segment depression for the

. duration of interatrial activation suggests that the phenomena

were related. We hypothesized that the frequently observed
pattern of ST segient depression occurring during AV recip- -

: ‘mungtadtycard!alsdmtothewmhmaumofakmgt

venmloamal interval (than that in AV node reentrant
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Figure 4, Simultancous recording of six standard surface electrocardio-
, graphic leads and multiple intracavitary electrograms from thc same
" patient during atrioventricular (AV) node reentrant tachycardia (A) and

: AV reentrant tachycardia with carliest retrograde atrial activation in the
distal coronary sinus electrode (B). Both tachycardias occurred at the
same cycle length (340 and 330 ms, -espectively). ST segment depression
»in leads V, to V is more marke: during AV reciprocating tachycardia
(4 mm) than during AV node reentrant tachycardia. Interatrial activa-
. tion times are significantly different (55 vs. 140 ms) in the two tachycardia
types. Paper speed = 100 mmys. A = atriat deflection; CS = coronary
; d and p = distal and proximal, respectively, electrode pairs of the
catheter; H = His bundle deflection; HBF = His bundle electrogram;
HRA = high right atrium; RVA = right ventricular apex.

tachycardia) and 2 retrograde P wave of longer duration that
overlaps to the ST segment. The more frequent occurrence of
ST segment depression or marked T wave inversion in AV
reciprocating than in AV node reentrant tachycardia is there- -
fore uarelated to the different reentrant circuit of tne two
wachycardia types; instead, it may be the consequence of a
different pattern of retrograde atrial activation (Fig. 4). This
hypothesis is further strengthened by our finaing (discussed
next) that ST segment depression is more marked in the leads
where, according to accessory pathway location, a negative P
wave could be expected. :

Figure 5. Twelve-lead electrocardiogram recorded during ‘atrioven-
tricular reentrant tachycardia in patients with an accessory pathway at
various sites. A, Left lateral accessory pathway. ST segment depression
(-2 to ~3 mm) is confined to leads V, to V. B, Right posteroseptal
accessory pathway. Inversion of the T wave (arrowheads) is present in
leads IL; IIl'and aVF. C, Anteroseptal accessory pathway. Inversion of
the T wave (arrowhead) is presemtonly inlead V,. . 0~ * "
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Preliminary localization of accessory pathway. Several
patterns of fepolarization changes were shown to be associated
with a specific accessory pathway location: ST segment dcpres-
sion from lead V; o V, was almost invariably present in
patients with' a left lateral accessory p-thway; ST segment
depression. and negative T wave in the inferi.r leads were
frequent in patients with posteroseptal or pos:=rior accessory

Jpathway; a negative or peculiarly notched T wave was recorded

only in orthodromic tachycardia in patients with an anterosep-
tal accessory pathway (Fig. 5). An additional ECG feature of
orthodromic rec;prowtmg tachycardia due to an anteroseptal
accessory pathway is, according te Scheinman et al. (24), a
positive retrograde P wave in at least two inferior leads. This
finding may be explained by the superior position of the
accessory pathway causing a craniocaudal patterr: of retro-
grade atrial activation during orthodromic reciprocating tachy-
cardia. We also observed this feature in our patients (Fig. 5C).

Analysis of repolarization changes during tachycardia is not

useful in differentiating right from left posteroseptal accessory
pathways, and by no means can our criteriz define a precise
location of the accessory pathway. However, analysis of these
repolarization changes may be useful in preliminary localiza-
tion of an accessory pathway, event when ventricular preexci-
tation 'is intermittent or a concealed accessory pathway is
present. A prospective study is required to indicate the true
value of these observations.
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