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Background: The International Conference on Harmonization E14 Guideline specifies detailed as-
sessment of QT interval or corrected QT interval prolongation when developing new drugs. We
recently devised new software to precisely measure the QT interval.

Methods and Results: The QT intervals of all leads for a selected single heart beat were compared
between automated measurement with the new software from Fukuda Denshi and manual measure-
ment. With both automated and manual measurement, QT intervals obtained by the tangent method
were shorter than those obtained by the differential threshold method, but the extent of correction
was smaller. QT interval data obtained by the differential threshold method were more similar to val-
ues obtained by visual measurement than were data obtained by the tangent method, but the extent
of correction was larger. Variability was related to the T-wave amplitude and to setting the baseline
and tangent in the tangent method, while skeletal muscle potential noise affected the differential
threshold method. Drift, low-amplitude recordings, and T-wave morphology were problems for both
methods. Among the 12 leads, corrections were less frequent for leads II and V3–V6.

Conclusion: We conclude that, for a thorough assessment of the QT/QTc interval, the tangent
method or the differential threshold method appears to be suitable because of smaller interreader
differences and better reproducibility. Correction of data should be done by readers who are expe-
rienced in measuring the QT interval. It is also important for electrocardiograms to have little noise
and for a suitable heart rate and appropriate leads to be selected.
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After cardiac arrest due to ventricular arrhyth-
mia was caused by an antihistamine in the United
States, in 1995, the importance of assessing the
cardiac safety of investigational drugs, especially
influence on the QT interval or corrected QT
interval (QT/QTc interval), during clinical trials
has been emphasized.1,2 It is well known that
drug-induced QT prolongation can lead to serious
ventricular arrhythmias. This proarrhythmic ef-
fect is known for many drugs, including antibi-
otics, antiallergy agents, and prokinetic agents, as
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well as antiarrhythmic drugs.3 With respect to
new medicinal products, the International Confer-
ence on Harmonization (ICH) has issued Guideline
S7B “The Non-Clinical Evaluation of the Potential
for Delayed Ventricular Repolarization (QT Inter-
val Prolongation) by Human Pharmaceuticals” for
non-clinical studies4 and Guideline E14 “The
Clinical Evaluation of QT/QTC Interval Prolon-
gation and Proarrhythmic Potential for Non-
Antiarrhythmic Drugs”5 for clinical trials. In May
2005, agreement on the E14 Guideline was reached
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Figure 1. Measurement by the tangent method. In the tangent method, the maximum slope of the descending limb
of the T wave is identified from the maximum negative value of the differentiated waveform. A tangent is drawn from
that point, and the distance from the point where the tangent crosses the baseline to the start of the QRS complex is
measured.

between Japan, the United States, and the EU
under the ICH framework. As a result, the effect of
an investigational product on the QT/QTc interval
must carefully be evaluated, although, it is still not
a legal requirement in Japan. It is well known that
prolongation of the QT/QTc interval can lead to fa-
tal ventricular arrhythmia, so it is extremely impor-
tant to precisely measure this interval. At present,
there are several methods of QT/QTc interval mea-
surement available, with each method having its
advantages and disadvantages so that no stan-
dard method has been adopted. The E14 Guideline
accepts semiautomated measurement in a thorough
QT interval study (i.e., combined use of manual
reading and software) provided that quality assur-
ance is possible. We recently developed software
for a detailed automated measurement of the QT

interval. In the present study, we compared QT
values obtained by both automated and manual
measurement using the differential threshold and
tangent methods.

METHODS

A 12-lead electrocardiogram was recorded at
rest in 38 healthy volunteers (35 men with an
average age of 36.6 years and three women with
an average age of 36 years) using an FX-7402 elec-
trocardiograph (Fukuda Denshi Co. Ltd., Tokyo,
Japan). Data were automatically analyzed using
QT interval analysis software (QTD-2, Fukuda
Denshi). This software performed measurement
of the T wave, correction of the baseline, and QT
interval measurement by the differential threshold
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Figure 2. Measurement by the differential threshold method. For the differential threshold method, the point where
the differential waveform of the T wave returns to the background noise level is identified as the T-wave terminus, and
its distance from the start of the QRS complex is measured.

and tangent methods. In addition, the QT intervals
in all leads for a selected heart beat were measured
by the automated and manual methods, and the
results were compared. The “corrected values” of
the QT interval were provided as the difference
between automated and manual QT interval.
Figures 1 and 2 show automated measurement
of the QT interval by the tangent and differential
threshold methods, respectively. In the tangent
method, the maximum slope of the descending
limb of the T wave is identified from the maximum
negative value of the differentiated waveform.
A tangent is drawn from that point, and the
distance from the point where the tangent crosses
the baseline to the start of the QRS complex is
measured. For the differential threshold method,
the point where the differential waveform of the
T wave returns to the background noise level is

identified as the T-wave terminus, and its distance
from the start of the QRS complex is measured. In
the present study, we investigated the following:
(1) the number of nonmeasurable values QT inter-
vals per lead by the manual method and the sum of
the corrected values, (2) the QT intervals obtained
by the tangent and differential threshold methods
as well as by automated and manual assessment,
(3) the reasons for variability of the calculated
values, and (4) the influence of the width of the
tangential line on QT values obtained with the
tangent method by both automatic and manual
assessment. For comparison of data between
groups, Student’s paired t-test was used and P <

0.05 was accepted as significant. Statistical analysis
was done with mini-statmate software (ATMS Co.,
Ltd., Tokyo, Japan). Continuous variables are
expressed as mean ± standard deviation.
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Figure 3. Number of nonmeasurable QT intervals per lead and sum of the
“corrected values.” The “corrected values” of the QT interval were provided as
the difference between automated and manual QT interval.

RESULTS

Number of Nonmeasurable QT Intervals
per Lead by the Manual Method, Sum of

“Corrected Values”

The number of nonmeasurable QT intervals and
the differences between automated and manual
measurement were large for leads III, aVL, aVF,
and V1 with both the tangent and differential
threshold methods. On the other hand, the sum
of the corrected values was lower for leads II and
V3–V6 with the tangent method, while the sum of
the corrected values was larger for all leads with
the differential threshold method (Fig. 3).

Measurement of the QT Interval by
Various Methods

Comparison of the QT intervals of all subjects
has been shown in Figure 4. QT intervals ob-
tained by the tangent method were shorter than
those obtained by the differential threshold method
with both automated and manual measurement.
When the corrections made by the readers were
compared, there were smaller corrections with
the tangent method than the differential threshold
method. QT intervals obtained by the differential
threshold method were more similar to the visual
data than those obtained by the tangent method,
but the extent of correction was larger.

Comparison of the average QT intervals has been
shown in Figure 5. When automated measure-
ment was performed, the average QT interval was
364.2 ± 24.0 ms by the tangent method and 390.8 ±
25.0 ms by the differential threshold method, and
the interval was significantly shorter with the for-
mer method (P < 0.001). With manual measure-
ment, the average QT interval was 365.1 ± 24.0 ms
by the tangent method and 391.5 ± 26.0 ms by
the differential threshold method, and it was also
significantly shorter with the former method (P <

0.001). Comparison of corrected values that mean
the difference between the QT interval obtained by
the automated and manual measurements has been
shown in Figure 6. The average corrected values
obtained by the automated and manual measure-
ments was 1.8 ± 2.7 ms with the tangent method
and 6.7 ± 6.5 ms with the differential threshold
method, and it was significantly smaller with the
former method (P < 0.001).

Reasons for Variability of Measured
Values

Representative examples are shown in Figures 7
and 8. Drift and skeletal muscle potential noise
affected the baseline and the tangent with the
tangent method, or affected the baseline and the
T-wave end point with the differential thresh-
old method. In addition, low-amplitude waveforms
could lead to variation between automated and
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Figure 4. Compaison of the QT intervals of all subjects.

manual measurement, depending on the position of
the tangent or to differences from visual data with
the differential threshold method. The shape of the
T wave was also important since this influenced
recognition of the T-wave end point. Variation in
selecting the T-wave end point and the size of the T
wave resulted in greater variability of the tangent
method, while the differential threshold method
achieved values closer to those obtained by visual
measurement.
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Figure 5. Comparison of the average QT intervals.

Width of the Tangent and QT Interval
Obtained by Automated or Manual

Measurement

The QT intervals measured by readers A and
B were 370.6 ± 24.9 ms and 370.9 ± 25.4 ms,
respectively. On the other hand, the QT inter-
vals obtained by automated measurement varied
as the width of the tangent was adjusted from
±10 ms to ±50 ms. The result was closest to manual
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Figure 6. Comparison of the corrected values. The “cor-
rected values” of the QT interval were provided as the
difference between automated and manual QT interval.
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Figure 7. Causes of variability in measurement—drift,
skeletal muscle potential noise, and low amplitude.

measurement when the width was ±20 ms (371.1 ±
25.7 ms) and only this value showed no statistical
difference from the manual values (Fig. 9).

DISCUSSION

The ICH-E14 Guideline5 specifies a study in
healthy volunteers for “thorough” investigation of
the QT/QTc interval during early clinical devel-
opment in order to examine whether there is a
pharmacological threshold for an influence on ven-
tricular depolarization. To achieve the required
accuracy, the upper limit of the 95% confidence
internal must be less than 10 ms. Accordingly, QT
prolongation is judged as negative provided that
the increase of the QT/QTc interval is 5 ms or
less. In other words, the accuracy of QT inter-
val measurement must be 5 ms or better, but it
is difficult to achieve such accuracy with routine
QT interval measurement.6,7 The current ICH-E14
Guideline also requests that detailed measurement
of the QT/QTc interval should be performed by
experienced readers with a high level of skill and
sufficient training. Automated measurement using
the software incorporated into many electrocardio-
graphs is not acceptable as a substitute for man-
ual assessment by a small number of experienced
readers. However, semiautomatic measurement is
acceptable if appropriate quality can be confirmed.
In addition, it is stated that if the appropriateness of
automated measurement can be proven, the guide-
line will be amended to incorporate such meth-

Figure 8. Causes of variability in measurement—T-wave
shape.

ods. In this regard, there have been several studies
on the automatic QT interval algorithms that may
prove to be more accurate and reliable method to
measure the QT interval in the near future.8–12 For
example, the results of the recent studies focus-
ing new automatic QT interval algorithms such as
the vectorcardiography online automatic measure-
ments or the QT sensor show the possibility of an
accurate, efficient, and easily applied method to
measure the QT interval.9,12

Validation of Software for Automated
QT/QTc Interval Measurement

The ICH-E14 Guideline5 recommends the fol-
lowing conditions for assessment of cardiotoxic-
ity and QT/QTc interval analysis: (1) measurement
by a few skilled readers, (2) digital processing
of electrocardiographic data, (3) the electrocardio-
grams of each given patient should be assessed
by the same reader, (4) blinding as to the time
of recording, drug treatment, and patient identify,
(5) determination of interreader and intrareader
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Figure 9. Tangent width and QT interval obtained by automated or manual
measurement.

variability, (6) documentation of the precision and
accuracy of the QT/QTc measurement system, and
(7) setting criteria for electrocardiographic diagno-
sis and criteria for adverse events before the start
of the study. We developed new software that al-
lows detailed and objective measurement of the QT
interval, and we compared automated and man-
ual measurement by the tangent and differential
threshold methods in the present study. The tan-
gent method involves setting the T-wave end point
where a tangential line from the descending limb
crosses the T-wave baseline, while the differential
threshold method is based on the first derivative of
the electrocardiogram (ECG) waveform. The latter
method is more precisely called the differentiated
waveform threshold method. The present study
demonstrated that the number of nonmeasurable
QT intervals by manual assessment was larger in
leads III, aVL, aVF, and V1 with both the tangent
and differential threshold methods, while leads I
and V3–V6 had fewer such intervals. In addition,
the sum of the corrected values was large for all
leads with the differential threshold method, while
it was small for leads II and V3–V6 with the tangent
method. According to the Guideline, lead II is pre-
ferred for QT/QTc measurement, and the present
study also indicated the appropriateness of lead II.
In the present study, the average QT interval was
significantly shorter with the tangent method ir-
respective of whether automated or manual mea-

surement was employed. It has been reported that
the tangent method is influenced by the shape of
the descending limb of the T wave.10,11 This is be-
cause, if the steepest slope of the descending limb
is near the top of the T wave, the point where the
tangent crosses the baseline will be shifted forward
and QT intervals measured by this method will be
shorter than those measured by visual assessment.
The present study was conducted in healthy vol-
unteers, and the steepest slope of the descending
limb was near the top of the T wave in the majority
of them. On the other hand, when the corrections
made by the readers were compared, there were
smaller corrections with the tangent method than
the differential threshold method. This suggests
that although the tangent method yields shorter
QT intervals compared with the differential thresh-
old method, the variability of the data is relatively
small. In fact, the difference of the QT interval
between two independent readers with the tangent
method was only 0.3 ± 0.5 ms, which was quite ac-
ceptable. On the other hand, the variability of the
QT interval was compared among commonly used
QT measurement algorithms in a recent study by
Hunt.10 Although a validated computer simulation
was employed as a reference standard to assess the
accuracy of automatic computer algorithms to mea-
sure the QT interval, both the tangent method and
the differential threshold method demonstrated the
highest variability because they were all functions
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of a differential operator with respect to time on
a smoothed signal with residual noise. It is possi-
ble that the explanation for this discrepancy may,
in part, be due to (1) expert manual measurement
versus computer simulation as reference standard
used, (2) the difference of width of the tangent (ob-
tained by the least squares method) for the tangent
method.

Concerning the causes of variability, drift and
skeletal muscle potential noise have been shown
to affect the baseline and tangent in the tangent
method or the baseline and T-wave end point in
the differential threshold method. When the wave-
forms have a low amplitude, the way of drawing
the tangent (tangent method) and differences from
visual identification (differential threshold method)
were likely to result in variation between auto-
mated and manual measurement. T-wave morphol-
ogy is also important, since the T-wave end point is
set as the point where the T wave finishes and the
U wave commences. Gradual alteration of the T-
wave end point and the T-wave height may result in
larger variation with the tangent method, while the
differential threshold method achieves T-wave end
points closer to those obtained by visual measure-
ment under certain conditions. Among the causes
of variability that have been reported10,11, the dif-
ferential threshold method is less influenced by the
baseline and threshold. However, it is affected by
changes of the waveform. When the slope of the de-
scending limb of the T wave is gentle, the variabil-
ity of the differential threshold method increases.
When the influence of the width of the tangent
(obtained by the least squares method) in the tan-
gent method was investigated for automated and
manual measurement, the best fit was observed
when the width of the tangent was set at ± 20 ms
and the QT interval increased as the tangent be-
came wider than ± 20 ms. This is presumably be-
cause a broader tangent line results in a gentler
slope at the top of the T wave. In the current
investigation, variability of the baseline and the
starting point of the QRS complex were smaller
compared with automated measurement than in
previous studies. When the accuracy of QT in-
tervals obtained by automated measurement was
investigated previously13, the variability of the
QT interval obtained by manual measurement
by four cardiologists, who were experienced in
measuring QT intervals, were smaller than the dif-
ference between automated and manual QT inter-
val and it was concluded that automated measure-

ment is not reliable. It was specifically noted that
the differential threshold method was unreliable
when the T wave had a low amplitude. Similar
results have been shown in Charbit et al.13 They
reported that agreement between automatic and
manual QT measurements was low when man-
ual QTc measurement was employed as a refer-
ence standard in 108 patients after anesthesia. In
the present study, the tangent method required
fewer corrections of QT values with both auto-
mated and manual measurement, so it was con-
sidered to be more accurate than the threshold
method and the differential method. In another
study, automated measurement was supplemented
by manual measurement and the combination was
more reproducible and reliable compared with au-
tomated measurement alone.14 The present study
suggested that automated measurement by the tan-
gent method could be used for thorough QT/QTc
interval assessment due to the smaller interreader
variability and good reproducibility of this method.
Alternatively, the differential threshold method
could be used because the results are similar to
visual measurement. Correction should be per-
formed by readers who are experienced at QT in-
terval measurement. It is also important for the
ECG to be recorded with minimum noise at an ap-
propriate heart rate and with suitable leads for this
purpose.
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