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Background: The aim of this study was to compare the reproducibility and sensitivity of four com-
monly used methods for QT interval assessment when applied to ECG data obtained after infusion
of ibutilide.

Methods: Four methods were compared: (1) 12-lead simultaneous ECG (12-SIM), (2) lead II ECG
(LEAD II), both measured on a digitizing board, (3) 3-LEAD ECG using a manual tangential method,
and (4) a computer-based, proprietary algorithm, 12SLTM ECG Analysis software (AUT). QT intervals
were measured in 10 healthy volunteers at multiple time points during 24 hours at baseline and after
single intravenous doses of ibutilide 0.25 and 0.5 mg. Changes in QT interval from baseline were
calculated and compared across ECG methods, using Bland–Altman plots. Variability was studied
using a mixed linear model.

Results: Baseline QT values differed between methods (range 376–395 ms), mainly based on the
number of leads incorporated into the measurement, with LEAD II and 3-LEAD providing the shortest
intervals. The 3-LEAD generated the largest QT change from baseline, whereas LEAD II and 12-SIM
generated essentially identical result within narrow limits of agreement (0.4 ms mean difference, 95%
confidence interval ± 20.5 ms). Variability with AUT (standard deviation 15.8 ms for within-subject
values) was clearly larger than with 3-LEAD, LEAD II, and 12-SIM (9.6, 10.0, and 11.3 ms).

Conclusion: This study demonstrated significant differences among four commonly used methods
for QT interval measurement after pharmacological prolongation of cardiac repolarization. Observed
large differences in variability of measurements will have a substantial impact on the sample size
required to detect QT prolongation in the range that is currently advised in regulatory guidance.

A.N.E. 2004;9(2):166–174

QT interval; QT prolongation; ECG methodology; ibutilide

Drug-induced QT interval prolongation and asso-
ciated proarrhythmias have been a major cause of
drug withdrawals during recent years.1,2 Pharma-
ceutical industry, regulators, and academia have
invested numerous resources to improve nonclin-
ical as well as clinical methods to identify car-
diac safety issues early in the development of new
chemical entities.3−5 Since 1997, when the Euro-
pean Committee of Proprietary Medicinal Prod-
ucts issued a “points-to-consider” document,5 a
practice has evolved under which an increasing
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proportion of new chemical entities are scruti-
nized for this effect. In November 2002, the US
FDA and Health Canada issued the concept pa-
per. “The Clinical Evaluation of QT/QTc Interval
Prolongation and Proarrhythmic Potential for Non-
antiarrhythmic Drugs” that outlines and provides
guidance to the pharmaceutical industry on this
topic.3 This article has now entered the ICH (Inter-
national Conference on Harmonization of Techni-
cal Requirements for Registration of Pharmaceuti-
cals for Human Use) harmonization process, which
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confirmed that all new drugs should undergo thor-
ough ECG evaluation, typically in a single highly
powered trial, early in development to define their
cardiac safety with focus on the QT interval ef-
fects. The use of a “positive control,” which repro-
ducibly and consistently prolongs the QT interval
by about 5 ms, is strongly advocated to validate the
design and ECG methodology used providing assay
sensitivity.

The ability to accurately detect a small mean QT
prolongation is limited by the methodology applied
in a clinical trial and also by the degree of physi-
ologic spontaneous variation of the interval’s du-
ration. Many factors affect the variability of QT
measurements, including choice of lead(s) and the
method by which measurements are made.6 There
is currently a lack of standardization of methods for
measuring the QT intervals and several different
methods are used.3 Commonly, the interval is mea-
sured only in standard limb lead II, in which there
is often a clear separation of the T and U waves.4

Measuring QT from the earliest Q to the latest T in
any lead on an ECG recording that simultaneously
displays all 12 leads has also been proposed.7 Inter-
and intraobserver variability may be reduced by us-
ing computer-derived, automatic algorithms,8,9 but
these automated measurement methods are gener-
ally not accepted for “thorough ECG studies,” if not
manually overread by trained observers.

To allow detection of 5 ms mean increase in
the QTc interval duration it is thus important to
study the variability of proposed methods, not
only for baseline values but also for drug-induced
changes. In this study we compared four commonly
used methods applied to ECG data before and af-
ter an intravenous infusion of ibutilide (Corvert�),
which is a marketed class III antiarrhythmic com-
pound.10−13 The primary objective was to assess the
sensitivity of each method to detect changes from
baseline and to compare the overall performance of
each method over a wide range of QT intervals.

METHODS

Design and Subjects

This was an open label, randomized study, con-
sisting of a baseline and two treatment periods.
During the 24-hour baseline period, laboratory
screening, ECG, and Holter recordings were per-
formed. During the two study periods, a 10-minute
infusion of either 0.25 or 0.5 mg ibutilide was given
in randomized order at approximately 08:00 AM.

The first treatment period started the next day (on
day 2), and the second 48 hours thereafter (on day
4). Subjects were confined to the research clinic
and under continuous telemetry for the entire du-
ration of the study and were discharged 24 hours
after the second dose, in the morning of day 5. Sub-
jects were kept fasted 10 hours prior to and 4 hours
after dosing and were confined to bed in supine
position postdosing during the same time. Blood
samples were collected for determination of ibu-
tilide plasma levels at the start of and 15, 30, and
60 minutes after the start of the infusion. Plasma
concentrations were measured with a validated
HPLC assay using fluorescence detection.

Healthy subjects between 18 and 45 years of age
with normal medical history, physical examination,
and laboratory screening within 30 days of study
initiation, were enrolled. No concomitant medica-
tion was allowed within 7 days prior to study par-
ticipation. Females had to be on medically accepted
birth control methods for at least 90 days prior to
and 30 days after study completion. Exclusion cri-
teria included family history of torsades de pointes,
baseline QTc (Bazett correction) exceeding 440 ms,
or any other significant ECG abnormality. All vol-
unteers gave a written informed consent and the
ethics committee of the Bronson Hospital in Kala-
mazoo, MI, USA approved the protocol. The study
was conducted at Pharmacia’s Clinical Research
Unit at the hospital.

ECG Recordings and Measurements

All ECGs were recorded on a Marquette MAC
VU� ECG recorder (GE Medical Systems, Milwau-
kee, WI, USA) after 5 minutes’ supine rest at the
beginning of the infusion and 15, 30, and 45 min-
utes and 1, 2, 4, 6, 8, 12, and 24 hours after the
start of the infusion during the two treatment pe-
riods and at corresponding clock times at baseline.
For the ECG interval measurements, three manual
and one computerized method were used, recorded
in immediate succession using the same sequence
each time, as shown below. The automated mea-
surements were derived from the standard 12-lead
format.

1. Earliest Q to latest T in any of 12 leads displayed
simultaneously (12-SIM).

2. Lead II measurements from the standard 12-
lead format (LEAD II). For both methods, ECGs
were recorded at a paper speed of 25 mm/s
at amplitude of 10 mm/mV. Intervals were
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measured at a core ECG laboratory using a
digitizing board (“digipad,” eResearch Technol-
ogy Inc, Philadelphia, PA) with magnification of
the paper ECG coupled with digitization soft-
ware whereby point-to-point determination of
onset and offset points was made by trained
analysts.14

3. Three-lead ECGs (3-LEAD) were recorded at
50 mm/s and amplitude of 20 mm/mV on a for-
mat that simultaneously displayed leads II, aVF,
and V2. A pen and ruler were used to draw
a tangent to the steepest portion of the down-
ward slope of the T wave in each lead. The
end of the T wave was calculated as the point
where this tangent crossed the isoelectric line
and the lead with the longest QT interval, mea-
sured with calipers, was used. 15 Trained tech-
nicians at the participating research clinic made
the measurements, with overread by the attend-
ing physician. For the manual methods (LEAD
II, 12-SIM, and 3-LEAD), the intervals were cal-
culated as the mean of three beats.

4. A proprietary computerized algorithm using the
GE Medical System’s 12SLTM ECG Analysis soft-
ware (AUT). This algorithm first constructs a
median beat for each lead, and then calculates
the QT interval as the earliest Q in any lead to
the latest T-wave deflection in any lead. The end
of the T wave is defined as the point where the
downward slope is less than 25% of the maxi-
mum slope after the peak of the T wave.

Statistical Methods

Descriptive statistics, 95% limits of agreement
intervals, and Bland–Altman plots16,17 were used
to compare the four methods, in a pairwise fash-
ion, for absolute QT intervals and for changes of
the QT interval from baseline (where baseline was
the average of all 10 recordings during the baseline
day). Since the measured heart rates were essen-
tially identical with all four methods (within one
beat per minute for all methods at the same time
point), analyses were performed on the uncorrected
QT interval. In the Bland–Altman plots, the differ-
ences between values obtained for two methods are
plotted against the averages of the values. Limits of
agreement between the two methods were defined
as the 95% confidence interval (CI) of the differ-
ences.

To compare methods with respect to their power
to detect treatment differences, a mixed linear

model was fit to the change scores, by method, in-
corporating factors for subject, gender, dose, study
hour, study day, and appropriate interactions. The
square root of the residual mean square error (resid-
ual standard deviation) from this model was used
to contrast the within-subject variability attributed
to each method after adjusting for the factors in
the model. The between-subject variability was es-
timated using the square root of the mean square
error for subjects.

RESULTS

Ten healthy volunteers (five women) aged be-
tween 21 and 42 years (mean ± standard devi-
ation: 28 ± 6 years) and weighing between 57
and 102 kg (72 ± 10 kg, body mass index 24.1 ±
2.2 kg/m2) were enrolled into the study. All enrolled
subjects completed both treatment periods and no
drug-related adverse reactions were reported.

Changes in QT Interval Following
Ibutilide Infusion

The mean QT interval for all methods at base-
line and during the study treatments are shown in
Table 1. The QTc, corrected according to
Fridericia18 increased in a dose- and concentration-
dependent manner (Figs. 1 and 2). The mean time
for the maximum QT value (Tmax) ranged be-
tween 15 and 26.7 minutes and between 16.5 and
25.5 minutes after the 0.25 mg and 0.5 mg doses,
respectively (Table 2). Fifteen minutes after start
of the 10-minute infusion of 0.25 mg ibutilide, at
which time the maximum QT interval was ob-
served in most subjects, the prolongation measured
with 3-LEAD was on average 12, 8, and 5 ms larger
than the values obtained with AUT, 12-SIM, and

Table 1. Mean QT Intervals During the Baseline
and Study Days

LEAD 11 12-SIM 3-LEAD AUT
QT (ms) QT (ms) QT (ms) QT (ms)

BL Mean 376.4 387.5 376.9 396.7
SE 5.3 5.3 5.0 4.0

0.25 Mean 383.5 393.8 385.8 400.0
SE 7.0 7.2 7.2 6.6

0.5 Mean 388.8 401.5 394.8 406.1
SE 6.5 7.3 6.9 5.8

Mean of 10 recordings at baseline and 11 recordings during
study treatment. Method abbreviation as defined in the text.
BL = baseline; QT = uncorrected QT interval; SE = standard
error.
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Figure 1. QTc values, corrected according to Fridericia,
after 0.25 mg of intravenous ibutilide.

LEAD II, respectively. The same pattern was ob-
served after the 0.5 mg infusion, with an 11, 10, and
6 ms difference between 3-LEAD and AUT, LEAD
II and 12-SIM. The average Tmax after both infu-
sions ranged between 15 and 23 minutes for LEAD
II, 3-LEAD, and 12-SIM, but was clearly longer for
values obtained with AUT (27 and 26 minutes, after
exclusion of two outliers).

The methods were compared in a pairwise fash-
ion for absolute QT intervals at baseline and dur-
ing the two treatment periods, and for change in
QT interval from baseline. For each of the 11 time
points after dosing of 0.25 and 0.5 mg ibutilide,
the change from the mean QT value at baseline
(10 recordings) was calculated for each method.
These changes were then compared pairwise be-
tween methods plotting the difference of the meth-
ods versus the average of the two methods.16,17

The limits of agreement, defined as the 95% CI for
all differences, were included in the plots (Table
3 and Fig. 3A–C). The differences between meth-
ods for absolute QT intervals were quite large, and
the values obtained with AUT were 17.9, 15.1, and

Figure 2. QTc values, corrected according to Fridericia,
after 0.5 mg of intravenous ibutilide.

6.5 ms larger than LEAD II, 3-LEAD, and 12-SIM,
with clearly wider limits of agreements for all
comparisons involving AUT (Table 3). The differ-
ences in change from baseline was, however, much
smaller, and largest with 3-LEAD (4.0, 3.3, and
2.9 ms larger than AUT, LEAD II, and 12-SIM).
The best agreement between methods was ob-
served for LEAD II and 12-SIM with only 0.4 ms
in mean difference, within 41 ms limits of agree-
ment. The limits of agreement were also narrow be-
tween 3-LEAD and LEAD II, even though 3-LEAD
consistently produced a somewhat larger change
from baseline (3.3 ms). The mean difference be-
tween 12 SIM and AUT and between LEAD II and
AUT was small (1.1 and 0.7 ms), but the limits of
agreement were wide, as in all comparisons with
AUT.

Categorical Analyses

The number of ECGs with uncorrected QT inter-
vals exceeding 450 and 480 ms at baseline and dur-
ing study treatment and the proportion of outliers
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Table 2. QT Prolongation at 15 Minutes, Maximum QT Prolongation and Tmax After Ibutilide Infusion

0.25 mg Ibutilide 0.5 mg Ibutilide

Baseline QT � at Max QT Tmax QT � at Max QT Tmax
Method QT (ms) 15 minutes (ms) � (ms) minutes 15 minutes (ms) � (ms) minutes

Lead II 376.4 ± 5.3 38.6 ± 4.0 40.1± 4.4 21.0 53.6 ± 3.0 54.6 ± 2.7 18.0
12-SIM 387.5 ± 5.3 35.4 ± 3.4 38.2 ± 4.1 22.5 56.5 ± 5.5 56.6 ± 5.5 16.5
3-LEAD 376.9 ± 5.0 43.2 ± 4.6 43.2 ± 4.6 15 63.4 ± 4.2 64.0 ± 4.1 16.5
AUT 394.7 ± 4.7 31.1 ± 6.5 36.1 ± 5.5 26.7a 52.9 ± 5.7 58.9 ± 3.3 25.5b

Values are mean ± standard error. QT � = change of QT interval; Tmax = the time at which the maximum QT interval was recorded.
aExcluding one subject with Tmax = 4 hours after start of infusion.
bExcluding one subject with Tmax = 24 hours after start of infusion.

for QT change from baseline are shown in Table 4.
There were no values exceeding 500 ms and no
changes from baseline larger than 90 ms. The num-
ber of ECGs with QT interval above 450 ms was
somewhat greater with 12-SIM and AUT, 5.3% and
6.6% respectively, compared to 2.2% and 3.4% for
LEAD II and 3-LEAD. The number of ECGs with
change from baseline exceeding 30 and 60 ms was
larger for 3-LEAD (28.7%) compared to other meth-
ods, and AUT also yielded a somewhat higher pro-
portion in the ≥60 ms category (4.5%).

Variability in QT Interval Measurement

The variability within and between subjects for
absolute QT intervals and for change from base-
line was larger for AUT than for any other method
and smallest for 3-LEAD (Table 5). For change
from baseline, the standard deviation for within-
subjects values ranged between 9.6 (3-LEAD) and
15.8 ms (AUT), with somewhat larger variability
for between-subjects values (11.8–17.8 ms).

Table 3. Agreement Between Methods for Absolute QT Interval Measurement at
Baseline and During Study Periods, and for Change of QT Interval from Baseline

Absolute QT QT Change from Baseline

Mean Width of Mean Width of
Pair-Wise Difference 95% Limits of Difference 95% Limits of
Comparisons (ms) Agreement (ms) (ms) Agreement (ms)

12-SIM/LEAD II 11.4 47.6 0.4 41.0
12-SIM/3-LEAD 8.6 42.0 −2.9 40.5
12-SIM/AUT −6.5 78.8 1.1 65.8
3-LEAD/LEAD II 2.8 50.3 3.3 38.1
3-LEAD/AUT −15.1 79.8 4.0 67.9
AUT/LEAD II 17.9 71.0 −0.7 59.9

DISCUSSION

Prolonged cardiac repolarization with nonantiar-
rhythmic compounds has been an area of intense
research and debate during the last 6 years. Re-
cently published draft regulatory guidance3 empha-
sizes the use of “thoroughly conducted ECG stud-
ies” in early drug development to address this fear-
some and potentially life-threatening side effect. It
is proposed that these studies should be powered to
detect a 5 ms difference between placebo and the
studied compound, and that the use of a “positive
control” is the most direct way to validate the used
design and methodology. A positive control may
either be pharmacological or nonpharmacological,
such as autonomic maneouvers, and should consis-
tently and reproducibly produce a QT prolongation
in the range of 5 ms.

This study evaluated the differences among four
different methods of QT measurement. Besides dif-
ferences in the baseline values, the four methods
exhibited dissimilar characteristics when the QT



A.N.E. � April 2004 � Vol. 9, No. 2 � Azie, et al. � Methods for QT Assessment � 171

Figure 3. Bland–Altman plots for change of QT interval
from baseline: (A) 12-SIM versus LEAD II, (B) 12-SIM
versus 3-LEAD, (C) 3-LEAD versus LEAD II.

interval was prolonged with ibutilide. The LEAD
II method, in which Lead II intervals are measured
using a digitizing board, is one of the most widely
used methods for centralized, core laboratory ECG
evaluation. Using this approach, it has been pos-
sible to demonstrate mean QT interval effects as

small as 6 ms in a population exposed to noncardiac
drugs.19 Provided sufficiently trained technicians
perform the measurements alongside overread by
cardiologists, the high reproducibility and relative
ease of this method has made it widely adopted
and used in drug development.20−22 In the 3-LEAD
method, measurements were made by “eyeball and
caliper” on recordings at a higher paper speed
(50 mm/s) with double (20 mm/mV) amplitude, and
a “tangential” technique to delineate the end of the
T wave was applied on the longest of three leads (II,
aVF, and V2). This method, as originally proposed
by Browne,15 was used to demonstrate the lack of
effect on the QT interval by concomitant adminis-
tration of azelastine and ketoconazole.23 In contrast
to these two methods in which measurements es-
sentially are made in one lead, 12-SIM and AUT
use all leads to calculate the “earliest Q to latest T
interval duration.” Not surprisingly, these dissim-
ilarities meant that not only baseline values were
different, but also was the timing and degree of QT
prolongation, as well as measurement variability.

The shortest mean baseline values were obtained
with LEAD II and 3-LEAD (376.4 ± 5.3 and 376.9
± 5.0), whereas 12-SIM and AUT yielded a mean of
11–18 ms longer baseline intervals. Since the two
latter methods basically incorporate the longest QT
interval found in any of the 12 leads into the mea-
surements, this is an expected outcome. Interest-
ingly, the tangential method with 3-LEAD provided
nearly identical baseline values as LEAD II. Af-
ter infusion of ibutilide, the mean maximum QT
prolongation (based on all four methods) after 0.25
and 0.5 mg of ibutilide was 39.4 ms (10.3%) and
58.5 ms (15.2%). Five minutes after the end of the
0.25 mg infusion, the mean QT prolongation ranged
between 31.1 (AUT) and 43.2 ms (3-LEAD), and
the corresponding range after 0.5 mg was between
52.9 (AUT) and 63.4 ms (3-LEAD). These differ-
ences diminished somewhat at Tmax, which also dif-
fered between methods, but the pattern remained
with 3-LEAD yielding the largest QT prolongation.
The larger QT prolongation seen with 3-LEAD was
probably not the result of the relatively short base-
line value, but may be a reflection of changed T-
wave morphology. With pure IKr blockers, such as
dofetilide and almokalant, a rapid lowering of the T-
wave amplitude has been reported,8,24,25 which re-
sults in a more shallow tangent of the down slope of
the T wave and thereby a relatively larger increase
in the QT interval, compared to point-to-point
determinations.
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Table 4. The Number of ECGs for Each Method with QT Interval and Changes from Baseline
Exceeding Defined Cutoff

Lead II 12-SIM 3-LEAD AUT
(N = 320) (N = 320) (N = 320) (N = 320)QT Interval

(ms) n % n % N % N %

≤450 313 97.8 303 94.7 309 96.6 299 93.4
>450 7 2.2 15 4.7 11 3.4 20 6.3
>480 2 0.6 1 0.3

Lead II 12-SIM 3-LEAD AUT
(N = 220) (N = 220) (N = 220) (N = 220)QT Change

From Baseline n % n % N % N %

<30 170 77.3 174 79.1 157 71.4 171 77.7
≥30 46 20.9 39 17.7 51 23.2 39 17.7
≥60 4 1.8 7 3.2 12 5.5 10 4.5

N is the total number of ECGs during for each method; n and % represent number and proportion of ECGs with value exceeding
the denoted limits.

When the methods were compared pairwise, the
same differences came through. For the change
from baseline analysis, LEAD II and 12-SIM pro-
vided nearly equal values when compared over the
full range of normal and prolonged QT intervals.
The mean difference between LEAD II and 12-SIM
was only 0.4 ms within narrow limits of agree-
ment (41.0 ms). This is close to the inter- and in-
traobserver variability observed for repeated LEAD
II measurements in a recent study in which so-
talol was used to prolong the QT interval (0.2 and
1.0 ms within 32.3 and 33.9 ms).21 Based on the
similar outcome of the two methods, it is diffi-
cult to see the advantage of the 12-SIM method
for thoroughly conducted ECG studies, given the
larger complexity and cost of this approach. A neg-
ligible difference (0.7 ms) was also observed when
LEAD II was compared with AUT, but with sub-
stantially greater variability (59.9 ms) and, in gen-
eral, AUT seemed to generate values with larger
variability and thereby wider limits of agreements
for all comparisons. Changes from baseline for the

Table 5. Estimates of Standard Deviation Derived from Fitted Mixed Linear Models

Within Subject Between Subject

Absolute QT Change Absolute QT Change
Method QT from Baseline QT from Baseline

LEAD II 10.4 10.0 22.0 12.2
12-SIM 11.1 11.3 23.5 13.0
3-LEAD 9.8 9.6 21.0 11.8
AUT 15.8 15.8 24.3 17.8

3-LEAD method were larger than for any other
method, which resulted in mean differences rang-
ing from 2.9 ms (vs 12-SIM) to 4.0 ms (vs AUT).
Since the 3-LEAD method results in a larger degree
of QT prolongation, this method may thus generate
more “false positives” QT studies and thereby cause
termination of development of potentially valuable
new medications. It should, however be acknowl-
edged that it is not currently known which ECG
method, if any, best measures cardiac repolariza-
tion. Given the uncertainty on how to interpret T-
wave morphological changes, such as lowering of
the T-wave amplitude, the 3-LEAD method there-
fore seems less suited for thoroughly conducted
ECG studies.

The proportion of outliers for absolute QT inter-
vals (Table 4) is to a large degree influenced by the
baseline value and to a lesser extent by the degree
of QT prolongation. Since the degree of QT pro-
longation in this study was moderate, the primary
determinant seemed to be the baseline value. Ac-
cordingly, AUT and 12-SIM, both with relatively
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long baseline values, produced more QT intervals
exceeding 450 and 480 ms, which are cutoffs de-
fined in recent regulatory guidance.3 For analysis
of change from baseline, the baseline value may
merely have a random impact due to “regression
toward the mean” if subjects with relatively longer
baseline values are excluded from trial participa-
tion, as often is the case in early clinical trials.2

The baseline QTc interval exclusion criterion in this
study was not overly stringent (> 440 ms), but since
there was no placebo group, this random effect can-
not be accounted or controlled for. Based on the
larger degree of QT prolongation for the 3-LEAD
method, the proportion of outliers (≥30 ms) was
substantially larger for this method (28.7%) com-
pared to LEAD II (22.7%), 12-SIM (20.9%), and
AUT (22.2%).

Table 5 gives the estimates of variability (stan-
dard deviation) after adjusting for subject, gender,
treatment, study day, study hour, and appropri-
ate interactions. The AUT method had clearly the
greatest variability for both within- and between-
subject values (15.8 and 17.8 ms). The 3-LEAD,
LEAD II, and 12-SIM exhibited smaller variability
within similar range, with the lowest observed val-
ues for 3-LEAD (9.6 and 11.8 ms). It is noteworthy
that the variability was in the same range using a
method with trained in-house nurses (3-LEAD) than
with methods performed at a professional core ECG
laboratory (LEAD II and 12-SIM). This may partly
be explained by the higher paper speed and am-
plification of the recordings used for this method.
The differences in variability may seem small, but
translate into large differences for sample size, if
an ECG study is to be powered to detect a 5 ms
difference between placebo and a positive control.
The number of subjects that would be required for
a crossover study in which alpha is set to 0.05 and
with 80% power to detect a 5 ms placebo-corrected
difference, would be 31 using the 3-LEAD method,
34 with LEAD II, 43 with 12-SIM, and 81 with AUT.
For studies using parallel groups, which may be
warranted if a drug with long half-life or multiple
doses of a drug is used, the numbers would be even
greater (89, 95, 108, and 200, respectively, for each
treatment group). These are clearly larger sample
sizes than commonly used to date for similar stud-
ies.26−30 Differences in variability from commonly
used methods may thus cause greater than a two-
fold increase in the sample size required to detect
such a small effect as regulatory guidance currently
define as relevant. Clearly, other ways to decrease

variability of used methods, such as replicate ECGs
at each time point, must be sought to enable studies
with manageable sample sizes.

In this study, ibutilide was given at doses that
prolonged the QT interval in substantial excess of
5 ms, and it may be argued that the results thereby
are not transferable to studies in which detection
of a smaller degree of QT prolongation is targeted.
The way the Bland–Altman plots are constructed,
the differences between methods are visualized
throughout the range of QT prolongations. These
plots (Fig. 3A–C) do not reveal any apparent dis-
crepancies in the differences between methods for
mildly and more markedly prolonged intervals. It
can therefore be concluded that the observed dif-
ferences will have a major impact on the result of
any “thoroughly conducted” ECG study, and must
be accounted for when designing such a study. In
addition, it does not seem appropriate to pool re-
sults from studies using different methodologies, if
not counterbalanced by large number of subjects
and trials, as in meta-analyses using a “population
pharmacodynamic” approach. For early studies de-
signed to give a definitive answer whether a com-
pound in development has an effect on cardiac re-
polarization, it seems prudent to use the same ECG
methodology for all studies in which results are to
be pooled.

Ten-second ECG recordings were performed in
immediate succession, using the same sequence
each time (12-SIM, LEAD II, 3-LEAD, AUT derived
from LEAD II). The onset and subsequent decline
of the QT prolongation observed after an infusion
of ibutilide are rapid (Fig. 1), and differences in
timing may therefore account for some of the ob-
served differences across methods. This potential
bias was not controlled for by randomized treat-
ment sequences.

The lack of a placebo group in the study limits
the interpretation of some of these results, such as
the proportion of outliers. Although there was a to-
tal of 32 ECGs per subject, the number of subjects
was small (n = 10), which should limit any dis-
cussion on small differences between the methods.
The correlation of intervals within a subject was not
taken into account in the summary plots and tables,
thus results may vary with more subjects and fewer
observations.

In conclusion, this study demonstrated signifi-
cant differences among four commonly used meth-
ods for measurement of the QT interval. These
dissimilarities translate into large differences in
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variability of the measured intervals, which have
a substantial impact on the sample size required
to detect QT prolongation in the range that is cur-
rently advised in regulatory guidance. Based on the
existing abundance of published studies, the rela-
tive ease of the method, and the current results that
demonstrated a low variability and consistent re-
sults, LEAD II seems to be the preferred method
among the four assessed in this study, for thor-
oughly conducted ECG studies.
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