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Abstract

Background: The initial slurring of the QRS complex, in WPW increases the QT interval rendering it a less accurate
assessment of repolarization.

Objective: The objective was to develop a method to calculate the underlying QT interval in WPW from the 12 lead ECG.

Methods: Patients with a diagnosis of intermittent WPW on a single ECG had measurements of QT interval, delta wave
duration, QRS duration and JT interval. Seven different equations were evaluated in pre-excited compared to non-pre
excited conduction with the latter considered the ‘true’ or underlying (intrinsic) QT interval. The best formulae were
tested in a separate group of 100 patients with WPW.

Results: The QT interval of ‘pre excited’ QRS complexes (QTwpw) were significantly longer than the non-pre excited QT
interval (QTi), in each of four different heart rate correction formulae. Three equations showed highly significant (p <
0.0001) correlations with QTi (r = 0.918 to 0.977) using either parametric or non-parametric testing and were better than
subtracting delta wave duration from QTwpw an equations with the strongest correlation, highest F value, was selected.
In a separate sample of 100 persons with pre excitation, QT heart rate dependency was not completely corrected by
the Bazett formula and this formula produced unacceptably high estimates for QT prolongation. Three other heart rate
correlation formulae showed a consistent and low prevalence of QT prolongation.

Conclusion: An accurate assessment of the underlying QT interval in pre-excitation is attained from the formula QTwpw -
0.462 (QRSwpw) + 18.26 followed by a heart rate correction formula other than the Bazett approach.
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Introduction ed that the JT interval in WPW patients was more similar,
than the QT interval, to the JT interval of individuals without
WPW [5]. Salim, et al. studied patients with WPW before and
after pathway ablation and found that the JT interval did not
change post-ablation as compared to the QT interval which
did change post ablation [6]. The JT interval can be helpful,
but there is not a large body of literature on its normal dis-

The initial slurring of the QRS complex, labelled the delta
wave (4), is an essential part of the criteria that define the
ventricular preexcitation (Wolff-Parkinson-White) syndrome
as well as aiding in the identification of the sites of epicar-
dial preexcitation [1,2]. Because the delta wave is the initial
slurring of the upstroke of the QRS complex, it produces a
widening of the QRS complex. Thus, the delta wave impacts
the measurement of the QT interval, which is measured from *Corresponding author: Simon W Rabkin, MD, FRCPC, FCCS,
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tion to arrhythmias that have the potential to be fatal [3,4].
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tribution in the population to define abnormal limits and the
correlation with potentially fatal arrhythmias. Furthermore,
the JT interval has a strong correlation with heart rate that
has been demonstrated with pacing-induced changes in heart
rate [7]. Population-based data in persons with increased QT
interval associated with ventricular conduction defects con-
cluded that the JT adjustment “retained a strong residual cor-
relation with ventricular rate making its use ill-advised” [8].
Thus, an approach to modify the QT interval to adjust for the
delta wave is an attractive approach to deal with the mea-
surement of the QT interval in WPW.

The objective of this study was to determine the best
method from evaluation of the 12 lead ECG to assess the QT
interval. The delta wave can be transient [9,10]. Thus, we
sought to examine the ECGs of patients who had intermittent
WPW identified on the same ECG. This approach would allow
an assessment of the QT interval in the presence and the ab-
sence of pre-excitation. The aim of this study was two-fold.
First, the best method (s) to calculate the QT interval in the
presence of preexcitation was to be developed utilizing cases
of intermittent preexcitation considering that the QT inter-
val in the absence of pre-excitation represented the ‘true’
underlying QT interval. The second objective was to define
the distribution of QT interval, in separate population with
WPW, using the best approaches to adjust for the delta wave
in pre-excitation.

Methods

Patient Selection

Patients with a diagnosis of “intermittent Wolff-Par-
kinson-White,” were selected via an electronic search of a
MUSE™ version 9.0 SP6 (General Electric, Milwaukee, WI,
USA) database. Inclusion criteria consisted of 12-lead ECGs
with both narrow QRS complexes (< 120 m sec) as well as QRS
complexes with WPW morphology. Exclusion criteria consist-
ed of ECGs with artifacts rendering QT measurement unreli-
able, T-wave changes that rendered QT measurements unre-
liable, only one non-pre excited complex with normal QRS du-
ration, electronic pacemaker complexes. ECG diagnoses were
confirmed by a reading cardiologist at the Vancouver General
Hospital between January 1, 2004 and January 9, 2020.

We next sought to implement and examine the QT in-
terval in a larger population of patients with WPW that was
not intermittent. These patients were not part of the original
patient data set to provide a separate ‘validation’ group, by
applying our equations to data that was not used to generate
the original equations. Patients with a diagnosis of WPW were
identified from a 12-lead electrocardiogram, in the Muse™
version 9.0 SP6 (General Electric, Milwaukee, WI, USA) data
base at our institution All ECGs were confirmed by a reading
cardiologist. Exclusion criteria consisted of ECGs with the di-
agnosis of possible or probable WPW (only cases with definite
WPW were included), rhythms other than sinus rhythm, arti-
facts rendering QT measurement unreliable, T-wave chang-
es that rendered QT measurements unreliable, or electronic
pacemaker complexes. The sample size was set at 100 and a
consecutive series of patient ECGs were assessed with each

patient contributing one ECG. The equations to be evaluated
was decided to be the ones that best fit the data derived from
the intermittent WPW analysis.

Patient age, gender, heart rate, cardiac rhythm, PR in-
terval, QRS duration, QT interval, and delta wave axis were
assessed. The study was approved by the Institution’s Com-
mittee of Research.

ECG Measurements

12-lead ECGs were recorded at 25mm/s on a 10-second
strip. Digital calipers (MUSE™ version 9.0 SP6; General Elec-
tric, Boston) were used to measure the PR interval, QRS du-
ration, QT interval and modified QT interval (mQT). Leads for
measurements were chosen based on the best WPW repre-
sentation (i.e. most clear delta wave). Non-preexcited com-
plexes were measured on the same leads as measured WPW
complexes. Using the magnification function, measurements
were performed by one observer (JWK) and verified by an-
other observer (SWR). PR interval was measured from the be-
ginning of the P-wave to the beginning of the QRS deflection.
QRS duration was measured from the beginning of the QRS
deflection to the J-point. QT interval was measured from the
initial QRS deflection to the end of the T-wave. The end of
the T-wave was determined by extrapolating the slope of the
end of the T-wave to the isoelectric line. The JT interval was
measured as the QRS duration subtracted by the QT interval.

To determine whether a modification of the QT interval
(mQT), can be useful, the duration of the delta wave was
measured by extrapolating the R-wave slope after the delta
wave (A), to baseline at the point where the QRS deflection
begins (Figure 1). The contribution made by the delta wave
to the QRS duration was calculated by subtracting the delta
wave from QRS duration.

At least one to three complexes with WPW morphology
and two to three complexes with non-preexcited morphology
were measured in each patient, depending on the number of
QRS complexes available on the ECG tracing. The mean was
then calculated for each measurement.

Data analysis

Different approaches to adjust the QT interval were
evaluated by correlating the QT-interval with pre-excitation
(QTwpw) and the QT interval in the absence of pre-excitation
or the non-preexcited QT (QTi). These approaches or equa-
tions were:

1) QT = QTwpw - A wave, or mQT, represents the mean QT
resulting from the subtraction of the delta wave duration
(A wave) from the total QT duration.

2) QT = QTwpw x (mQT/QTwpw) represents the product of
the QT interval in pre-excitation multiplied by a constant
derived from the data resulting from subtraction of the
delta wave duration from the total QT duration divided by
the mean QT in pre-excitation (QTwpw).

3) QT = (mQRS/QRSwpw) + (QTi — QTwpw x(mQRS/QR-
Swpw))
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Figure 1: Shows the approach used to calculate the duration of the delta (A) wave. A tangent is drawn on the steep slope of the upstroke
of the R wave to the point that it intersects with the baseline T-P segment. The QT interval is calculated from the onset of the QRS com-
plex (which includes the delta wave) to the end of the T wave which is calculated by the tangent method. The line for the QT interval is

displaced downward for ease of appreciation in this figure.

A 4

4) QT = QTwpw-((QTwpw-QTi)/QRSwpw) x QRSwpw. This
equation is similar to the one proposed by Bogossian, et
al. [11] and previously assessed to correct for the con-
tribution by the increased QRS duration of left bundle
branch block (LBBB) to the QT interval [12].

5) QT = QTwpw - (A/QRSwpw) x QRSwpw

6) QT = QTw - m (QRSwpw) + b,, where m and b, are coeffi-
cients determined by comparing the relationship between
A and QRSwpw. This equation was based on the approach
suggested by Wang, et al. [13] and previously assessed to
correct for the contribution by LBBB to the QT interval [12].
This equation approximates the delta wave by comparing it
with QRSwpw, thereby creating a linear equation.

7) QT =m, (QTwpw) + b,, where m, and b, are coefficients
determined by comparing the relationship between QTi
and QTwpw, thereby creating a linear equation.

These modifications of QT intervals were adjusted for the
heart rate dependency of the QT interval using four differ-
ent correction formulae (QTc).The QT intervals were correct-
ed for heart rate with the Bazett approach (QTcBZT) as well
as the Fridericia approach (QTcFRD) because both formulae
are in widespread usage [14,15]. The Framingham formula
(QTcFRM) was selected [16], as well as the new spline for-
mula (QTcRBK) that was developed based on the ECGs from
about 13,600 individuals in the NHANES US population study
and was shown to be relatively independent of heart rate and
superior to other QTc formulae [17]. We used the nomencla-

ture for QTc abbreviations which specified the first three con-
sonants of the first authors name with the exception of the
Framingham formula [18].

In addition, the JT interval was measured and JT in WPW
was compared it to the JT interval in non-preexcited conduc-
tion (JTi).

Statistical analysis

The data are presented as the mean * SD. The t test for
unpaired, non-parametric data, was used to test differences
between the non-preexcited QT interval (QTi) and QTwpw.
Comparison of different heart rate correction formulae used
ANOVA testing. Linear regression analysis was used to eval-
uate heart rate dependency. Regression analyses were also
performed to examine the relationship between the modified
QT intervals and the QTi as compared to the relationship be-
tween QTwpw and QTi, using both parametric (Pearson’s r)
and non -parametric (Spearman r) testing. We quantified the
strength of the relationship between non-preexcited QT in-
terval (QTi) and pre-excited QT (QTwpw) using the F statistic.
A 5% probability level (p < 0.05) was considered as statistically
significant.

Results

Population

Characteristics of the sample population are summarized
in (Table 1). The intermittent pre-excitation population con-
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Number of subjects
Age (y)

Gender (%)

Heart rate (bpm)

PR interval (ms)
QRS duration (ms)
A (ms)

+ A (V1/V2) (%)

+ A (11l/aVF) (%)
QT interval (ms)
QTc BZT (ms)

QTc RBK (ms)

QTc FRD (ms)
QTc FRM (ms)

1% of delta waves that were positive (upwards deflection) in leads.

Table 1: Study population characteristics.

Intermittent WPW
11

52.0+234

M =55; F =45
80.8+21.6
Intrinsic QRS morphology
146.8 £ 22.0

94.6 +15.1

n/a

n/a

n/a

373.4+545
422.8+26.2
406.5+24.2
404.9 +30.0
405.0 + 28.0

WPW

100

44.0+18.2

M =65; F =35

71.7 +14.6

WPW QRS morphology

105.9 + 20.6 113.9+18.4
123.9+27.3 125.3+15.5
38.9+14.3 38.9+14.3
73 81

64 54

412.2 +55.5 425.4 +38.5
467.2 £ 26.6 459.4+31.1
4453 +25.3 4455 +23.6
447.3+28.1 447.3+26.5
443.8 +27.6 445.1+25.3

QTcBZT (msec)

QTcFRD (msec)

500 4

450 1

300

QTcBZT intrinsic vs QTcBZT wpw
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T
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Figure 2: Shows the mean QT interval in the non-preexcited QRS complexes and QRS complexes with WPW conduction for four different
heart rate correction formulae outlined in the text.
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sisted of 11 patients (mean age 52 + 23.4 years; 55% male)
who met the entry criteria. The QT interval of QRS complexes
with pre-excitation (QTwpw) were significantly longer than
the non-preexcited QT interval (QTi) for each of the different

correction factors (Figure 2).

Comparing QT intervals estimates in the pres-
ence of pre-excitation and non-preexcited QT
interval (QTi)

The highest correlations amongst the 7 different formulae
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Table 2: Correlations among studied formulae and non-preexcited QT interval (QTi).

Corrected formula
BZT
RBK
FRD
FRM
BZT
RBK
FRD
FRM
BZT
RBK
FRD
FRM
BZT
RBK
FRD
FRM
BZT
RBK
FRD
FRM
BZT
RBK
FRD
FRM
BZT
RBK
FRD
FRM
BZT
RBK
FRD
FRM

Formula

1) QT = QTwpw - A (mQT)

2) QT = QTwpw x (MQT/QTwpw)

3) QT = QTwpw x(mQRS/QRSwpw + (QTi—
QTwpw x (MQRS/QRSwpw))

4) QT = QTwpw — ((QTwpw — QTi)/QRSwpw) x

QRSwpw

5) QT = QTwpw — (A/QRSwpw) x QRSw

6) QT = QTwpw —m (QRSwpw) + b,

7) QT = m,(QTwpw) + b,

JTwpw

'Of each formula compared against non pre-excited QT (QTi) or JT(JTi).

to estimate non-preexcited QT interval (QTi) in the presence
of WPW was equation 6 which had the highest F values across
all heart rate adjustment approaches in parametric statistical
testing and the highest overall correlations in non-parametric
testing (Table 2). This was followed by equation 5 and next
equation 4. Each of these formulae were better that subtract-
ing the measured duration of the delta wave from the total
QT duration in pre-excitation (formula 1). Interestingly for-
mula 1 was better than three other approaches to estimate
the QT interval.

Within each formula, heart rate correction using the Ba-
zett approach produced the lowest correlation between pre-
excitation and non pre-excited QTc.

Pearson correlation coefficient’ | F Spearman rank!

0.891 (p = 0.0002) 34.687  0.864 (p = 0.0006)
0.917 (p < 0.001) 47.653  0.900 (p = 0.0002)
0.929 (p < 0.0001) 56.494  0.882 (p = 0.0003)
0.930 (p < 0.0001) 57.561  0.945 (p < 0.0001)
0.788 (p = 0.004) 14.738  0.845 (p = 0.001)

0.838 (p = 0.001) 21.186  0.882 (p =0.0003)
0.853 (p = 0.0008) 24199  0.827 (p = 0.002)

0.871 (p = 0.0004) 28333 0.936 (p <0.0001)
0.788 (p = 0.004) 14.738  0.845 (p = 0.001)

0.838 (p = 0.001) 21.186  0.882 (p =0.0003)
0.853 (p = 0.0008) 24199  0.827 (p =0.002)

0.871 (p = 0.0004) 28333 0.936 (p < 0.0001)
0.929 (p < 0.0001) 56.472  0.927 (p <0.0001)
0.953 (p < 0.0001) 89.215  0.945 (p < 0.0001)
0.961 (p < 0.0001) 109.846  0.918 (p < 0.0001)
0.964 (p < 0.0001) 118.981 | 0.945 (p < 0.0001)
0.918 (p < 0.0001) 47.932  0.927 (p < 0.0001)
0.953 (p < 0.0001) 89.82  0.945 (p <0.0001)
0.956 (p < 0.0001) 96.565  0.891 (p = 0.0002)
0.964 (p < 0.0001) 119.774 | 0.945 (p < 0.0001)
0.948 (p < 0.0001) 79.871  0.936 (p < 0.0001)
0.971 (p < 0.0001) 148.096  0.982 (p < 0.0001)
0.975 (p < 0.0001) 174.699  0.927 (p < 0.0001)
0.977 (p < 0.0001) 191.902  0.991 (p < 0.0001)
0.788 (p = 0.004) 14.738  0.845 (p = 0.001)

0.838 (p = 0.001) 21.186  0.882 (p =0.0003)
0.853 (p = 0.0008) 24199  0.827 (p = 0.002)

0.871 (p = 0.0004) 28333  0.936 (p < 0.0001)
0.953 (p < 0.0001) 88.695  0.900 (p = 0.0004)
0.952 (p < 0.0001) 87.927  0.973 (p < 0.0001)
0.967 (p < 0.0001) 128.4  0.972 (p <0.0001)
0.962 (p < 0.0001) 111.944  0.936 (p < 0.0001)

The ability of the formulae to correct for the delta wave
was illustrated using equation 6 for each of the four heart
rate correction formulae (Figure 3). Use of equation 6 re-
duced the magnitude of the QT interval across the range of
QT intervals. Furthermore, the correlation between the QT
interval utilizing Equation 6 was higher than the correlation
between pre-excited QTc and the non-pre-excited QTc. The
data is similar if Equation 5 was used. The data displayed (Fig-
ure 3) provide justification for the use of the linear correlation
analysis using Pearson's correlation, as the data are not clus-
tered around certain areas that might artifactually produce a
linear relationship rather as illustrated by equation 6 the data
appear to fit a very well a linear correlation methodology.
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Figure 3: Shows the correlation between the QT interval in WPW complexes versus the QT in the non-pre excited complexes for un-
corrected QT (QTwpw) and after application of equation 6, for each of the four QT heart rate correction formulae outlined in the text

Examining the JT interval data showed that JTwpw was
significantly correlated with the pre-excited JT for all heart
rate correction formulae (Table 2).

QTc in a WPW population

A larger patient data set with 100 individuals with WPW
was examined that served in part to cross-validated the for-
mulae by applying it to data that was not used to fit the orig-
inal equations. The mean age was 44.0 + 18.2 years with the
majority (65%) of the population being men (Table 1). The
known heart rate dependency of the QT interval was evident
in pre-excitation (Figure 4). The heart rate correction formu-
lae produced different degrees of heart rate adjustment de-
pending on the formula. QTc BZT was still associated with a
significant (p < 0.001) relationship to heart rate. The other
three formulae corrected the effect of heart rate as there was
no significant association between each of the corrected QT
interval and heart rate. The two-best formula for adjusting
for the prolongation of the QT interval from the delta wave
in WPW produced a significant (p < 0.0001) reduction in the
magnitude of the QT interval for each of the QT correction
formulae (Figure 5). Specifically, there were highly significant
differences between the measured QT in pre-excitation and
QT interval calculated using QTc BZT (F = 53.46) QTc FRD (F =
74.6) QTc FRM (F = 74.6) and QTc RBK (F = 96.2). This analysis
demonstrated that both of these equations produced a sig-

nificantly lower QT interval than the uncorrected QT interval
in pre-excitation.

We next sought to evaluate the QT distribution in WPW
utilizing the two different equations for adjusting for the delta
wave (Figure 6). The relevant part of the distribution i.e. QT
prolongation was the focus and was evaluated separately for
men and for women. In men there is a meaningful proportion
of individuals with QTc prolongation when delta wave is in-
cluded in QT interval. In contrast the proportion is markedly
reduced by either equation 5 or 6. QTc BZT, however, had a
disproportionate higher prevalence of QT prolongation. The
next highest was QTcFRD while QTc RBK and QTc FRM were
similar. For women, the results were similar except QTc BZT
was associated with a markedly higher proportion of QT pro-
longation.

Discussion

This study is the first, to our knowledge, to examine in de-
tail the relationship of the delta wave in patients with pre-ex-
citation with respect to its contribution to QT interval mea-
surement and propose a method to more precisely calculate
the QT interval in pre-excitation. We evaluated individuals
with intermittent pre-excitation and utilized a number of dif-
ferent approaches to adjust the QT intervals in pre-excitation
to identify the ‘true’ QT interval in the absence of pre-exci-
tation. We developed a new approach to QT assessment and
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Figure 4: The QT heart rate relationship for 100 cases of WPW without heart rate correction (top panel) and for each of the four QT
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constructed formulae that best approximated the non-preex-
cited QT interval in the same person in the absence of pre-ex-

citation.

This study highlights the error in QT assessment that

would ensue from calculating the QT interval in the presence
of pre-excitation. The delta wave contributes meaningfully to
the QT interval as the QT interval was significantly longer in
pre-excitation compared to complexes with a normal QRS, in
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QTcRBK
500
F=0.0007
E‘m-
< 400+ 1
(aa]
o
ad
5 3504
300-
& ©
$¢"‘ & &
QTcFRM
500-
P<0.0001
T 450
: T
= 400
o
'S
5 350
300
A=) o
$§$ & &

shown.

QT wpw in Men QT Eq 5 Men QT Eq 6 Men
QT QT = 470 msec
304 QT 450 - 489 msec QT 2 470 msec 10 5 QT 450 - 480 msee 109 o7 450 - 460 meec QT 470 meec
8 84
= 20- = 6 = 6
£ £ b=
@ @ -1}
e 2 4 S a4
s 10 K a
24 2
o o [1RC NI o
O & ok L O & o QO & o O & o 0 &
,\f L & /\‘5& «3Q9 & «f Rty & ,\&{\&é@ & «&’é«‘f& £ &‘g’é«‘:& E
S F g e F G F g e FE G F o F S
QT wpw in Women QTEq 5 Women QT Eq 6 Women
60 QT 450 - 480 msec QT QT 2 470 msee 30 QT 450 - 400 msec 10+ QT 480 - 468 msec
QT = 470 msec
— . . 84 QT = 470 msec
= 40 = 20 =
Py - = 6
=4 c =
@ @ a
2 2 S 4
5 201 & 104 a
re
o 1l o ol o .
LS LS PSS LS LI TS S LI PSS
4F (& o (& (& & o (& «& (& o (& (& S o & 4F (& o (§ (F & o E
FFFEFH o FF S F e F S S FF o F S

Figure 6: Shows the upper part of the QT distribution (450 to 469 m sec and > 470 m sec) for men upper panel and women (lower
panel) in each of the four QT heart rate correction formulae outlined in the text. The percentage of the cases in each category is

Kandiah and Rabkin. Ann Heart 2021, 5(1):100-109

Open Access | Page 107 |



Citation: Kandiah JW, Rabkin SW (2021) Assessment of the QT Interval in WPW: A New Approach to Calculating the QT Interval in Pre-

excitation. Ann Heart 5(1):100-109

cases of intermittent pre-excitation on the same ECG within
seconds of normal and pre-excitation.

In general, one formula (Equation 6) had the highest cor-
relations between QTwpw and the non-preexcited QT inter-
val. It required the use of two constants derived from the lin-
er relationship between QRS duration of the WPW complex
and the delta wave. It is of a similar form which was found to
be successful in adjusting for the increased QRS duration in
LBBB [13]. A second formula, (Equation 4) was analogous to a
formulation by Bogossian, et al. to correct the QT interval in
LBBB [1], also showed a significant, stronger correlation with
QT interval in the absence of pre-excitation. A third formu-
la (Equation 5) was similar to Equation 4, but used the delta
wave instead of the difference between QTwpw and QTi. This
modification was also significantly correlated with QT in the
absence compared to the presence of pre-excitation. How-
ever, between these two corrections, there was significant
difference that was dependent on which heart rate correc-
tion factor used. With QTc RBK and QTcFRM, Equation 4 was
more significantly correlated with QTi than Equation 5 and
vice versa with QTcBZT and QTcFRD. Despite the inconsistent
differences among Equation 4 and 5, neither of them was sig-
nificantly different from Equation 6. From our analysis, it is
clear that three formulae best approximated QT in the ab-
sence of pre-excitation when measuring the QT in the pres-
ence of pre-excitation. However, in real-world application,
QT in the absence of pre-excitation is infrequently present.
Furthermore, in that circumstance, there would be no need
for the calculation of the QT interval from the pre-excitation
complex. For this reason, an equation which requires a QT in
the absence of pre-excitation in its calculation is not practical.
Although one could theoretically use the equation, calcula-
tion of its QT value also varies depending on which heart rate
correction factor used. Thus, either of two formulae (Equa-
tions 5 and 6) are better suited for approximating the ‘true’
QT interval in patients with pre-excitation. Importantly, the
average QT values calculated in these formulae do not de-
pend on which heart rate correction factor is chosen, making
for easier use. Thus, we propose the use of either of the two
formulae: QT = QTwpw - 0.307 x QRSwpw or QT = QTwpw -
0.462(QRSwpw) + 18.26.

Other approaches (Equations 1, 2, 3, and 7) all proved to
be no more effective than QT in the presence of pre-excitation
at approximating the QT interval in the absence of pre-exci-
tation. The latter three equations had identical relationships
as QT in pre-excitation compared to no pre-excitation, which
is not unexpected as each of these modifications multiply
and/or add the QT interval in pre-excitation by a coefficient.

We tested the proposed formulae in a separate large pop-
ulation of patients with pre-excitation which served in part
as a separate validation group. Considering a group of 100
individuals with pre-excitation and stratifying then according
to sex, which influences the QT interval [17], we found that
QT interval prolongation is uncommon in pre-excitation. This
finding reinforces the concept that an error in QT assessment
would ensue from simple measurement of the QT interval in
the presence of pre-excitation. Heart rate correction formu-
lae are essential in QT interval assessment. We found that the

Bazett heart rate correction formula results in an unrealisti-
cally high prevalence of prolonged QT in both men and wom-
en with pre-excitation. This study reaffirms previous studies
but now in patients with pre-excitation, that the Bazett heart
rate correction factor does not completely adjust for the im-
pact of heart rate on the QT interval [17,19,20]. Even after
the adjustment for the contribution of the delta wave to QT
interval, the Bazett heart rate adjustment formula leads to
an inaccurate assessment of the QT interval. The prevalence
of prolonged QT interval with the Bazett formula is inconsis-
tent with other formulae and would lead to conclusions of an
unreasonably high prevalence of QT prolongation in pre-ex-
citation.

This inconsistency found with using the Bazett formula
was not found in the same magnitude as the other correction
factors. However, the Fridericia formula also showed a dis-
proportionately higher prevalence of QT prolongation. This
was not found when using either the Spline or Framingham
correction factor, which is likely due to the fact that these
formulae have less of a dependence on heart rate.

Previous studies have suggested that the JT interval maybe
useful in assessing the QT interval phase of the ECG in WPW
because it is independent of the influence of pre-excitation
[5,6]. Although our results show that there is a significant cor-
relation between JTin pre-excitation compared to no pre-ex-
citation, the relationship was not significantly different than
that of QTwpw vs. QTi. Additionally, there is not a large body
of literature on normal distribution of the JT interval in WPW
to define abnormal limits and the correlation with potentially
fatal arrhythmias. Furthermore, the JT interval has a strong
correlation with heart rate that has been demonstrated with
pacing-induced changes in heart rate [7]. Using the analogy
to LBBB which also art factually increases the QT interval, JT
adjustments are strongly correlated to heart rate [8].

Limitations

There are several limitations of the study that warrant dis-
cussion. First, our study of intermittent pre-excitation within
seconds has a small sample size, which is understandable giv-
en the rarity of individuals with intermittent pre-excitation as
the records of over 15-years were required to find this group
of spontaneous intermittent pre-excitation cases on a single
ECG. Second, the developed formulae were applied to the
sample from which they were derived. Ideally, these formu-
lae would be applied to other patient populations that have
a larger sample size with intermittent WPW, but we did not
identify a large enough population to meaningfully divide into
two groups. Third it is possible that patients with intermittent
pre-excitation are not necessarily reflective of the total pop-
ulation of patients with pre-excitation. There should be cau-
tion about the generalization of our data. Fourth, we made
the assumption that the patient’s non-preexcited QT was the
“gold standard” to which we compared our formulae. Fifth,
although the widened QRS complex clearly contributes to the
extending the QT interval, there could be inherent repolar-
ization changes that are affected by pre-excitation. However,
measurement to other aspects of repolarization such as the
peak of the T wave to the end of the T wave are problematic
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in pre-excitation as the condition may be associated with T
wave changes. Lastly, while some investigators might argue
that it is more important to study the electrophysiology in
each patient with pre-excitation, rather than calculating the
QTc, such an opinion does not consider that most patients
with pre-excitation do not undergo electrophysiologic study
with ablation of the pathway and these individuals may re-
quire medications that could prolong their QT interval so that
assessment of their QTc is vitally important.

Conclusion

Evaluating the QT interval in patients with pre-excitation
can pose challenges because of the widened QRS complex
produced by the delta wave. We formulated new approach-
es that are good estimates of the non-preexcited QT interval
in patients with intermittent pre-excitation and propose two
relatively convenient correction formulae (QT = QTwpw -
0.307 x QRSwpw and QT = QTwpw - 0.462(QRSwpw) + 18.26).
In contrast, the JT interval was found to be no more effective
than the using the QT interval of patients with pre-excitation.
Both equations demonstrated less QT prolongation in a large
group of individuals with pre-excitation with all heart rate
correction formulae excluding the Bazett correction formula,
likely due to its dependency on heart rate.
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