RELATIONSHIP BETWEEN QT INTERVAL AND
VENTRICULAR ELECTRICAL AXIS: ANEW SUGGESTION
FOR LEAD SELECTION IN QT INTERVAL MEASUREMENT
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INTRODUCTION

When the dif
leacls of a stan

erenee hetween O interval in various

d 12 lead surface electrocardiogram
(ECGY hecame  apparent, many  questions emerged
st ol which sl remain unimswered

The Tocus of many studies s on the mporlance of
lead selection in 1he measurement of 0 interval and
the need 1o deline @ standard Toe o (1), Some sludies
ested the lomgest O am 12 leads as the
stapdard, but in practical terms 1his did not seem o be
easy hecause it needed 1 interval e be messurad in
all 12 leads, Another group maintaing the longest lead
among limb leads as the stundard, There
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whe are al the opinion (hat lead 11 sounds hetter, Yot @
fourtl group subscribes 10 the notion that the lead with
the tallest T wwve s morc appropriate 100 be e
standard lead for the measurement of O7 interval inoan
elevtrocardiogram. Finally some ivve proposed i mean
CFT derived Trom an arbitrury subsen af leads {12),

Nevertheless, 1he aim s 10 identity @ lead which has
U elosest O interyval 1o the CTm and can e casily
selactad,

Oiher  questioms ahous (X0 disparsion
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mterval among leads, and how this new Onding (O
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Dafferences  hetween umpelar and T

pular s,
dillerential tssue atfenustion, veetor cancellainon and
pegionmil differences in repolirisalion are comsidered 1o
ve factors causing O dispersion (33, OF the four, he
Tast one has antrncted relatively more attention (1,4) hut

1Tt

it oshoneld  be mentonped the rode ol &l these

suppested Lactors and even others demand mare SLTIOUS
Lesling

W otried 1o lest these hypolheses experimentally.
Flere we Tocus on "Veoor Cancellation Theory”. The
methou of study s bwilt on the potion that i vector
s contribute o differences between T

interval among leads, 1omewns et leads which are

cancellatian

closer to the resualtanl westor of ventricular elecisicsl
avtivity  [mean ORS axis), should bove  longer (0D
duration becaese the perpendicular projection of (RS

axis on those leads will be more extended (Fig, 1) so

cotrie later, We examined
sonne clecirecurdioerams 1o this end.

Lhey will be recorded as seel

MATERIALS AND METHODS

Tl study population was 34 patients (14 femaeies,

mean age k6 years, 510 1254 admined [or ele

A

1veE
surgery . Nooe of them bad o history of any chronic
disease nor had 1aken any medcalion affecn

o cardine
funetion amdior O] nterviel Al ol tham were examined
b o cardiclogist 1o rule out any kind of cardioviscular
disease, This was dome through @ physical cxam, cliest
aph amd BECO,
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T any af these tests andior bistory taking did oo
mect the nclusion criterit. the individual was noe
included i the stucy.

[n each subject a standard 12 lead  surface
clectrocardiogram wis taken. All of the BEOGs were
recorded by ooone  electrocardiograph and by oome
observer al o paper specid of 23mmds Ten minuies
before and during the recordings, the subjects were in
SNy resling supine positicn.

Ulsing & scienuific magnifier with o 0.1 mm
resolution, O and KR imervals were measured in each
[0 limb lead By the same ohserver for all the 34
ECGs.

O imterval was measured from the onset of the
LIRS complex to the end of T wave which was the point
al retern o e TP baseline when there was no 1
wivie, and the nadir between the T and 11 waves when
it existed. When the end of the T wave could not he
relizbly  identified, that lesd was not included  in
subsequent analysis.

The cheerver also measured the amplitude of the R
and 5 waves o leads [ and 11 for all 34
electrocardiograms,

Mathtematical calculation
The mean ORS axis was caleulated for each ECG
using the following formulias (36 :
_Mal+1? 2ah cos 0
sl i

(p = oo ! i

d

"a" s the algebraic sum of the amplitedes of the B

aVR
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and 5 woves (in mm) in lead T and "B" is the same o
lead 11, # is the angle hetween the leads 1and I {6070 )
and (P 15 the Mean (RS Axis,

T was also caleulated Tor every limb leacds of all
clectrocardmiograms using  standard  Barett’s  Tormula
(0Tc = OT / VRR).

sk limb o leads of each TOG were ranked on the
hasis of their proximity 10 the calculated  mean RS
axis in the same BOG. The lead with the smallest angle
1o the QRS axis or its extension wis ranked as 15t and
the one with the bigrest angle was oth {Fig. 1.

statistical Analysis

Woe wanted 1o determine oif OT interval wis longer
when the lead was closer o the QRS axis [ the Jead
with smaller rankings). In order 1o do so, the Spearnan
correlation coellicient between the QT mierval und the
riank ol leads in each BEOG was calculated separately.

S0 we had 34 spearman correlation coeflicients for
34 BCGs. To o establish  whetber or not the 34
correlition cocflicients significantly weigh more heavily
on the negative side (leads with smaller rankings have
longer O intervals), these numbers were tested by two
different statistical methods ;

- Binomil test to show it the number of negative ar
positive ligures among these 34 correlation cocthcients
were significantly more than the other, regardless of
their numerical value,

- Fetest o determine if the mein of these 34 figures
differed from zero moa statistically significant way, and
it 0, whether it wis negalive,

The same procedure was applicd oo O imervals
mstead of OFF intervals,

aVL

aVL

[11

aVF

I1 *i{%

Fig. 1. The vector product of ventricular clectrical activiny {mean (RS anis) has a perpendicular projection on each lead. When

the Jead or it extension is nearer o the mean QRS axis, this projection would be longer,

The ranking system in our study is hased on this concept. In the above case, aVI is Tar Trom the QRS axis but 15 exiension makes
an acute angle with the QRS axis and is nearer than any other lead, soo it would be ranked as first and s supposed 1o have the
lomgest QT mterval, Lead [ would be the sceond, Lead [ thid, a¥TF lourh. elc.



Relationship between (D inferval and veniricular electrical axis

RESULTS

Mine cases had one excluded Tead hecause the end
of Twave was not clearly visible in them.

LD waves ware present an the limb leads of one case
out of 34,

The npumber and numercal wvalue of negative
correlation  coellicients was signilicantly  more  than
positive ones for hoth O and OTe intenvals.

Binomial test results

Oibserved  proportion of - pegative  correlation
coefiicients for QT interal = 70% [P <0,03),

Ohserved  proportion of - negaiive correlation

cocfficients for QT nterval = H8% (P=0.0001),

L-test results

for 11 interval Mean Correlation Coeflicient = 0,24
HE5E Confidence Interval tor Mean -h42,-10L00
for QT interenl  Mean Correlabon Coetholent = -4t

90 Confidence Interval for Mean -0.58, 023

DISCUSSION

It has been appreciated for many  vears that
catimates of O imterval wvary in different leads (1)
Many studies have [ocused on OT dispersion i various
physialogic and pathologic states, errors and  problems
in measuring OT merval and OT dispersion and how
Lo sobve these problems, and the need to define a
standard for O mterval messorement (14,7100 Our
study has focused on s basis and contribuling Gactors,

Hesults of OF measurement in different limb leads
af single FOG showed o lendency for leads nearer to
the mean RS axis 1o have longer OT mtervals by both

statistical merhods, This was predictable on the basis of
af

ECG hasie principals  and by the  application
rathematical laws af vectors (Figo 1) and underseored
vector cancellation as a factor in O dispersion,

The walidity of Vector Cancellation Theory does not
necessarily  reject other hypotheses  regarding  the
influence of other Gcters in QT dispersion. [ufferent
comtribieting factors and degree ol ther infloence will
help better use of OFF dispersion as an index in clinical
practice.

A this stage the study also has been of practical

use. As mentened earlier, many studies bave shown
that lewd selection m O interval  measuremen s
important.  There  exists & wvaricly  of  suggestions.

Phoweser There s nol one which s acceptable 1o all.

We think the nearest limb lead 10 the mean QRS
of ecuch FEOC could he a hetter fior

Hi e MEAsure

determuining OFT interval. Regarding the results of this
stucly, the nearest limb lead 10 the mean QRS axis
tends 1o be the longest and nearest to the genuine (X1
interval wmong all limb leads, One prime beneli of this
i5 the ease with which it can be used in clinical praclice
Pecavse in LOG interpretation we use o estimate the
mean RS axis so the lewd for measuring OT meerval
will be easily selected,

This would Be easier than measuring O imterval or
Twave in all or g subset of leads (first, second, fourth
and fifth above mentioned proposed methods) bt less
accurate, and is more accurate than selecting lead 11 in
all B ¢ osecond mentioned method). It should he
noted that, beciose precordial leads are not esed Jor
the calculation of mean QRS axis they are not
contribuled for measuring Q7T interval i our proposed
method (ke second  and  third  abovesmentioned
proposed methods) so the normal range for O interval
should be determined according 1o this paint.

REFERENCES

1. Cowan JC, Yusoll K Moore M, et all Importance of Lead
Selection in QT mterval Measurcment. AM I Cacdiol; &l
HAHT. 98K

2 Hagham PI, Camphell RWE. QT dispersion. Br Heart J,
TEROR-5L0; 1904,

3 Day OF, MeComb JM, Camphell RWE, (T disporsion: an
indication af archythmia risk in patients with long 7
imtervals Tir leart T, 63:342-344; 1990

4. Linker M, Kekwick Ca, 1, Camm J, Ward
[ Assessment ol OFF Disperaion in Symplomatic Patients
with Congenital Long OT syndromes. Am ] Cardial
ofnddnis 92

Calonna B,

5. Dwlan. 5, Staib 1. Numerical Caleulation of the Mean
Electrical Axis of Blectrocardiographic Deflection, |

Electracardiol L 1n77-T81%77,

6. Soffer A, Range of Frontal Plane QRS Axcs. CHEST
TLATT 4749 1997,

CReardon M, Malik BMLOT interval Change with age in &n
-lh.:[l\ healthy alder population. Clin Cardiod, 1994000515
| e,

. Mactarlanc PW,
Effects of Awe,

Memsurements, J I

Mol s
Bex

sghlin 50,
Hace
Hectrovandiol. 27 (=uppl):

Devine B, Yang TF.
S ]
B4-14;

and on Interval

L.




Y. hurray A, Mol aughlin NE, Bourke TP, Dioag 10, Furniss
S5, Camplell BWF:Errors in manual measurement of 077

intervils

Lir [leaet T

TL3RG-F90; 14994,

h
wh

Acta YVielicn Traoica, Vol 3%, Mo 5 (2000

Lin, Flnatkova K, Malik M. Ksotener T, Gang ¥, Camm AT,
Adjustment of T dispersion asscased Trom 12 lead

srid

clectrocardiograms [ory different number of ana

glectracardingraphic leads: comparison of stability of
different methods. Br Heart 1. 72300306, 1994,



