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measurement have been reported to be more stable and
better reproducible than manual measurement [6]
especially when dealing with electrocardiograms (ECG)
that do not show gross repolarisation abnormalities.
A precise automatic detection of the end of T or T/U
wave pattern has been the subject of many investigations
that involved different approaches ranging from the
simple algorithms such as the intercept of the slope and
baseline [7] to more complicated concepts such as the
algebraic decomposition of T and T/U wave patterns into
individual action potential-like elementary constituents
[8]. Some believe that the assessment of the duration of
the ventricular repolarisation is not the correct way
forward when handling electronic signals and investigate
entirely new descriptors of electrocardiographic
repolarisation patterns [9,10].
Both manual and automatic measurements still suffer
from errors caused by a low T wave amplitude, or by
merges of T wave with U and/or P wave. The major
practical problem with automatic measurements is that it
occasionally leads to very gross errors, e.g. when the
algorithm is influenced by noise or by unusually shaped
repolarisation abnormalities. This is especially important
for the studies addressing drug-induced repolarisation
changes that are used as surrogates of proarrhythmic
toxicity. Such studies frequently involve data processing
of thousands ECGs, and require very reliable
measurements. Because of the danger of false negative
reporting of unusual QT interval prolongations,
regulatory agencies require the use of fully manual
measurements for the assessment of drugs with potential
repolarisation involvement [11-13].
At the same time, regulatory distinctions between drug
safety and potential proarrhythmic toxicity are frequently
based on studies reporting only minute QT interval
prolongations that are comparable to, if not smaller than
the precision achievable with the manual measurement of
QT intervals. A systematic approach with the
measurement of fairly similar T and T/U wave patterns to
the very same position of the fiducial point is needed.
However, such a strictly systematic methodology is
practically impossible to achieve with purely manual

Abstract
Drug investigating studies require similar patterns of
T/U waves to be measured at the same fiducial points.
However, such a systematic measurement is difficult to
achieve with manual measurement as compulsory for
regulatory review.
A new system was developed that adjusts manually
measured QT intervals in sets of ECGs obtained from the
same drug study. For a given threshold w, the system
organizes all the repolarisation patterns in groups of
ECG leads that correlate each with each other with
abs(r)>w. Within these groups, the system assigns a shift
of the measured T wave end in each ECG lead to
synchronise the patterns of the manual measurements.
The same approach is used to align the QRS onset
measurements.
The system was used in a drug-study of 4090 ECGs
obtained in healthy volunteers off- and on-treatment with
an investigational drug. The difference between manual
measurements and the measurements adjusted by the new
software was characterised by calculating the regression
residua between QT and RR intervals and by comparing
the QT dispersion. After applying the system, the
regression residua were reduced from 15.06 to 14.32 ms
(p<0.002). The QT dispersion values were reduced from
38.3 (SD=17.2) to 30.2 (SD=15.4) ms (p<10-200).
Automatic adjustment of manual measurements of QT
intervals in electronically recorded ECGs improves the
precision
of
QT
interval
assessment
in
electrocardiographic drug studies.

1.

Introduction

The manual detection of the T wave offset is known to
be frequently rather unreliable [1,2] but the automatic
measurement of QT interval [3] still remains a
challenging problem. There were many studies
comparing the performance of manual and automatic
measurement of QT interval [4,5]. The automatic QT
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positioning of measurement cursors.
Therefore a system synchronising the positions of
manually located measurement cursors in similar T and
T/U wave patterns has been developed.

which ℜ(0,α,t,β)≥τ, τ was selected threshold, were
included in a subset σ1α . Subsequently, the correlation

2.

λ2∈ σ1α , λ2≠α, λ1≠λ2, within the window aligned
according to the shifts µ(λ1), µ (λ2). If
|℘(µ(λ1),λ1,µ (λ2),λ2)|<τ, lead λ2 was returned to the set
~
Σ of all unprocessed leads. The algorithm was repeated
~
until Σ = ∅ . Obviously, each step of the decomposition
created a subset σ iλ , containing at least one lead λ.
Therefore, the algorithm stopped after final number of
steps and performed decomposition described above.

was checked for each lead λ1∈ σ1α , λ1≠α and each lead

Method

A new system has been developed that adjusts
manually measured QT intervals in sets of 12 leads ECG
recordings.
Let us denote ελ(tj), λ=1,…,12, j=0,…, e, tj=tj-1+∆t,
0<j≤e, the digital value of λ lead of ECG ε in equally
distributed discrete time instances tj. Symbols t0, and te
denote time instants of the beginning, and the end of the
ECG recording, respectively. This study used the
following constant values t0=0, te=1200 ms, and ∆t=2 ms
in all ECG recordings. A set of all leads of all ECGs

{ }

Σ = ε λi

i = n ,λ =12
i =1,λ =1

The number of decomposed groups σ i is dependent
on the initial order of the ECG patterns. Therefore, the
stability of the algorithm and its dependency on the initial
orders was investigated. The analysis was repeated for
several (n=100) orders of the original data and the shifts
assigned to measured T wave ends are averaged in each
ECG lead.
Following the decomposition, all leads in each subset

was decomposed into k different subsets
k

σ of individual ECG leads such that Σ = U σ j , where k
j =0

is the number of all subsets, and the condition
I( σ j , σ jj ) = ∅ is fulfilled for each j,jj=0,…,k, j≠jj.

σ i were aligned according to the average shift of subset

The symbols Q(ελ), and T(ελ) will be used further for
the time instants of manually measured values of QRS
onset, and T wave offset, respectively in lead λ of ECG ε.
They are mapping set Σ on a set R of real positive
numbers. For each function f=Q, T, there is a separate
subset Σ f , Σ f ⊆ Σ containing all leads that were not
manually measurable (either the lead was too noisy, or
the morphology was so unclear that the manual detection
of corresponding value was impossible, etc.). Let us
always further denote σ 0 = Σ f , Σ f ⊆ Σ . The
decomposition algorithm selected the first available lead
~ ~
~
α ∈ Σ, Σ = Σ \ σ 0 to create a subset σ1α . The symbol Σ
will be further used for the set of all unprocessed leads.
Subsequently, all leads β ∈ Σ \ ( U( σ 0 , σ1α ) were
correlated with lead α within a window starting ws ms
prior to, and ending we ms after the manually measured
point p (where p stands for either QRS onset or T wave
offset). This window was shifted ±h ms (with 2 ms step)
around p. The value of ws was set-up to 60 ms for Q onset
and 200 ms for T wave offset. The value of we was set-up
to 80 ms for Q onset and 100 ms for T offset. The shift h
was used 40, and 80 ms around QRS onset and T wave
offset, respectively. The Pearson correlation coefficient
℘(x,X,y,Y) was used to correlate lead X and lead Y within
windows around the time instant x, and y, respectively.
The shift µ(β)=t, corresponding to the maximum
correlation ℜ( 0, α , t , β ) =

t =+ h

max

t = − h ,t = t + ∆t

σ iλ , and synchronised values of QRS onset and T offset
points were evaluated. In that way, each subset
σ i contained similar patterns of either QRS complex or T
wave morphology.
The difference between the initial manual
measurements and the measurements adjusted by the
system was characterised by calculating the regression
residua between QT and RR intervals. The logarithmic
QT/RR model QT=b+a×ln(RR), where a, and b are
parameters of the model, was used in this comparison.
The regression residuum has been calculated as a
standard deviation of the heart rate corrected QT interval
QTc=QT-a×ln(RR). The corresponding QT dispersion
(range of measured QT interval within the same ECG)
was calculated and this comparison was taken as an
expression of measurement imprecision.

3.

ECG recordings

The system has been used in a drug study involving a
set of n=4090 12 leads ECGs of 10 sec recordings
obtained from healthy female volunteers off- and ontreatment with an investigation drug. Only ECGs with at
least 6 measurable leads and with stable RR interval
sequence within the recording were included in this
study.

4.

( ℘( 0, α , t , β ) ) was

Results

The manual measurements in total number of 3551 out
of 4090 ECGs were adjusted using this system. The

evaluated for each pair of leads α, and β. All leads β for
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remaining 539 ECGs were excluded from the study: 424
were measurable in less than 6 leads, and 115 revealed
unstable duration of RR interval within ECG recording.
The figure 1 shows the scatter plots of the QT/RR
relationship of the original manual measurement and
measurement adjusted by the system. While the system
increased QT values for lower RR values, higher RR
values resulted in decrease of QT values. In general, the
QT/RR cloud became “more compact” after application
of the system. The slope of the logarithmic QT/RR model
(parameter a) reduced from 0.1327 for manual
measurement to 0.1276 for adjusted measurement.
The improved precision of the system was reflected by
the regression residua that were reduced from 15.06 to
14.32 ms (p<0.002 – paired two-sided t-test). Similar
trend was observed for the QT dispersion values that
were reduced from 38.4 (standard deviation 17.2) to 30.2
(standard deviation 15.4) ms (p<3.5×10-284 – paired twosided t-test).
The algorithmic stability was tested in the total
number of n=100 iterations of the original order of leads
~
in the set Σ . The adjustment shifts derived from the first
and last 50 iterations of the system were highly correlated
(r=0.867) confirming the algorithmic stability of the
system.

electrocardiographic analyses [12].
This study demonstrates the possibility of automatic
adjustment of manual measurement QT intervals in order
to receive maximally synchronise measurements for
similar T or T/U waves patterns. The small and high T
wave amplitudes are subjected to the same approach
directed by the simple calculation of correlation
coefficient. Therefore, the improved and synchronised
precision of QT measurement can be achieved in
electronically recorded ECGs for the purposes of drug
related studies.
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Figure 1.
Figure shows the scatter plots of QT/RR relationship.
Each ECG recording is represented as a pair of mean RR
interval and median value of QT intervals measured at
least 6 leads of ECG. Manual and adjusted measurement
of QT values is shown in black diamonds and gray dots,
respectively.

5.

Conclusion

The prolongation of the electrocardiographic QT
interval is one of the tests that can stop the development
of a new drug. Clinical assessment of drug-induced QT
interval prolongation is crucially dependent on the quality
of electrocardiographic data and the appropriateness of
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