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Abstract

Background Data on the optimal location of the ECG leads for the diagnosis of drug-induced long QT syndrome (diLQTS)
with Torsades de Pointes (TdP) are lacking. Methods We systematically reviewed the literature for ECGs of patients with
diLQTS and subsequent TdP. We assessed T-wave morphology in each lead and measured the longest QT interval in the limb
and chest leads in a standardized fashion. Results Of 84 patients, 61.9% were female and mean age was 58.8 years. QTc was
significantly longer in chest versus limb leads (mean (standard deviation) 671 (102) vs 655 (97) ms, p=0.02). Using only limb
leads for QT interpretation, 18 (21.4%) ECGs were non-interpretable: 10 (11.9%) due to too flat T-waves, 7 (8.3%) due to
frequent, early PVCs and 1 (1.2%) due to too low ECG recording quality. In the chest leads, ECGs were non-interpretable in
9 (10.7%) patients: 6 (7.1%) due to frequent, early PVCs, 1 (1.2%) due to insufficient ECG quality, 2 (2.4%) due to missing
chest leads but none due to too flat T-waves. The most common T-wave morphologies in the limb leads were flat (51.0%),
broad (14.3%) and late peaking (12.6%) T-waves. Corresponding chest lead morphologies were inverted (35.5%), flat (19.6%)

and biphasic (15.2%) T-waves. Conclusions Our results indicate that QT evaluation by limb leads only underestimates the



incidence of diLQTS experiencing TdP and favors the screening using both limb and chest lead ECG.
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Abstract
Background

Data on the optimal location of the ECG leads for the diagnosis of drug-induced long QT syndrome (diLQTS)
with Torsades de Pointes (TdP) are lacking.

Methods

We systematically reviewed the literature for ECGs of patients with diLQTS and subsequent TdP. We
assessed T-wave morphology in each lead and measured the longest QT interval in the limb and chest leads
in a standardized fashion.

Results

Of 84 patients, 61.9% were female and mean age was 58.8 years. QTc¢ was significantly longer in chest versus
limb leads (mean (standard deviation) 671 (102) vs 655 (97) ms, p=0.02). Using only limb leads for QT
interpretation, 18 (21.4%) ECGs were non-interpretable: 10 (11.9%) due to too flat T-waves, 7 (8.3%) due
to frequent, early PVCs and 1 (1.2%) due to too low ECG recording quality. In the chest leads, ECGs were
non-interpretable in 9 (10.7%) patients: 6 (7.1%) due to frequent, early PVCs, 1 (1.2%) due to insufficient
ECG quality, 2 (2.4%) due to missing chest leads but none due to too flat T-waves. The most common
T-wave morphologies in the limb leads were flat (51.0%), broad (14.3%) and late peaking (12.6%) T-waves.
Corresponding chest lead morphologies were inverted (35.5%), flat (19.6%) and biphasic (15.2%) T-waves.

Conclusions

Our results indicate that QT evaluation by limb leads only underestimates the incidence of diLQTS experi-
encing TdP and favors the screening using both limb and chest lead ECG.
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Introduction



Drug-induced prolongation of the QT interval (diLQTS) substantially increases the risk for Torsades de
Pointes (TdP) and sudden death.? Offending agents include widely used drugs like antibiotics, antimalarials,
antifungals, antivirals, anti-arrhythmic drugs (AAD), psychiatric drugs, and many others.!3 In the current
context of severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) infections,* drugs with a risk for
diLQTS, like hydroxychloroquine, azithromycin or antiviral drugs, are used widely off-label and are investi-
gated in randomized trials in large patient populations.® Expert consensus statements therefore recommend
ECG screening for QT interval prolongation before treatment initiation and regularly during treatment with
these drugs.®” However, repeated ECG screening using 12-lead ECG is clinically unfeasible in the large
number of isolated, hospitalized or ambulatory patients, may increase the risk for virus transmission and is
economically unfeasible in low-income countries.

Mobile ECG devices seem to be able to reconstruct the six ECG limb leads with good reproducibility of
basic ECG intervals compared to conventional 12-lead ECGs in patients with normal and prolonged QT
interval.® '! They might therefore offer a lower-cost, clinically more convenient and safer screening modality
for QT prolongation in diLQTS used by the patients themselves. However, as T-wave morphology in the
limb leads may flatten in very long QT intervals with the highest risk for TdP, the diagnostic accuracy and
interpretability of the QT interval might be low if only limb leads are used.'? Currently, systematic data
on the diagnostic value of the limb versus chest leads for prolonged QT interval and T-wave morphology in
patients with diLQTS and subsequent TdP are lacking.

We therefore aimed to systematically investigate the diagnostic value and interpretability of the limb versus
the chest ECG leads in patients with diLQTS, who subsequently experienced TdP.

Methods
Patient population

We systematically reviewed the available literature for ECGs of patients with diLQTS and subsequent TdP.
We entered the MeSH term ‘drug induced long qt torsades de pointes’ into Medline and Embase and identified
1253 reports published until April 19", 2020. Eligible articles had to include human subjects with available
limb ECG leads with drug-induced QT interval prolongation and experiencing subsequent TdP. We also
screened the references of eligible papers. After manual review, we identified 77 ECGs that were included
in the current study. We also reviewed eligible ECGs with the same criteria from the hospital files of our
institution (Hospital Haut-Leveque, University Hospital Bordeaux, Pessac, France) and furthermore included
7 patients.

Study variables

Patient demographics, medical history and medication were extracted as available. The ECGs were evalua-
ted independently by cardiac electrophysiologists in a standardized manner. Disagreement was resolved by
consensus. ECG interpretation included identification, interpretability and measurement of the longest QT
interval in limb and chest leads, respectively, and the evaluation of the T-wave morphology in each available
lead. T-wave morphology was categorized into flat, broad, late peaking, notched, biphasic or inverted. We
then added up all limb and chest lead morphologies in order to evaluate the respective dominant morpho-
logy. For measurments, we used electronic calipers which we calibrated individually to each ECG for the
QT interval, QRS duration and RR interval. The corrected QT (QTc) interval was calculated using Bazett’s
formula QTc= QT/[?]RR if heart rate was [?]90 beats per minute (bpm) and Fridericia‘s formula QTc=
QT/(RR"0.33) if heart rate was >90 bpm.

Statistical analysis

The distribution of continuous variables was checked by visual inspection of the histogram and by assessing
skewness and kurtosis. As all variables were normally distributed, they were presented as means (+- standard
deviations (SD)) and compared using paired Student’s t-tests. We used Bland Altmann plots to investigate
differences in QTc between limb and chest leads. A two-sided p-value <0.05 was considered statistically



significant. All statistical analyses were performed using SAS 9.4 (SAS Corporation, Cary, North Carolina,
USA).

Results

84 patients met the eligibility criteria. All patients experienced TdP and in 49 (58.3%) patients early PVCs
were present. Mean (SD) age was 58.8 (8.8) years and 52 (61.9%) were female. Prior medical history
included hypertension in 21 (25.0%), ischemic heart disease in 13 (15.5%), heart failure in 12 (14.3%),
atrial fibrillation in 8 (9.5%) and renal impairment in 11 (13.1%) patients. Figure 1 shows the medications
that were suspected to cause QT interval prolongation. The three most common offending drug classes
were anti-arrhythmic drugs, psychiatric drugs and antibiotics. Amiodarone (n=10), Methadone (n=9) and
Dofetilide (n=7) were the most frequent individual drugs. In 26 (31.0%) cases, patients took a combination
of potentially QT interval prolonging drugs.

Mean (SD) QRS duration was 100 (26) ms and the mean (SD) heart rate was 66 (20) bpm. Figure 2 shows
the Bland Altmann plot with a wide variation in the QTc differences between the limb and chest leads.
Comparing the limb and chest leads, mean (SD) QT durations were 645 (129) and 661 (125) ms (p=0.03)
and mean (SD) QTc durations were 655 (97) and 671 (102) ms (p=0.02), respectively. Using only the limb
leads for QT interval interpretation, 18 (21.4%) ECGs were non-interpretable: 10 (11.9%) due to too flat
T-waves, 7 (8.3%) due to frequent, early PVCs and 1 (1.2%) due to insufficient ECG recording quality. In
the chest leads, it was not possible to interprete the QT interval in 9 (10.7%) patients: 6 (7.1%) due to
frequent, early PVCs, 1 (1.2%) due to insufficient ECG quality, 2 (2.4%) due to missing chest leads but none
due to too flat T-waves. Single limb and chest leads that were judged most often as the best for QT interval
interpretation were II and V5, respectively.

Figure 3 shows detailed data on T-wave morphology for each individual lead and cumulative for limb and
chest leads. The most common, cumulative T-wave morphologies in the limb leads were flat T-waves in 51.0%,
broad T-waves in 14.3% and late peaking T-waves in 12.6%. The most common, cumulative morphologies
in the chest leads were inverted T-waves in 35.5%, flat T-waves in 19.6% and biphasic T-waves in 15.2%.
T-wave alternans was present in 6 (7.1%) patients. Beside a high variability in T-wave morphology between
patients, there was also high variability over the individual leads within the same patient as showcased in
Figure 4.

Discussion

The current study in 84 patients with drug-induced QT interval prolongation and Torsades de Pointes showed
lower diagnostic interpretability and shorter measured QT intervals in the limb leads in comparison to chest
leads due to flattened T-waves. To the best of our knowledge, this is the largest study in this patient
population to date.

We found that the QT interval was not reliably interpretable due to too flat T-waves in 11.9% of the patients
with diLQTS with subsequent TdP, if only the limb leads were used. In comparison, the T-wave morphology
in the chest leads was never a reason for non-interpretability of the QT interval. Therefore, approximately
one out of nine patients with diLQTS and TdP might have been missed if only limb leads were used. Moreover
QT duration was measured shorter in the limb leads compared to the chest leads though there was a high
variability in the differences. Our results point out a possible limitation of QT interval monitoring in diLQTS
with limb leads only, as for example by mobile ECG devices.

Prior studies on QT interval interpretation with mobile devices have mainly focused on the measurement
of the QT interval and not on T-wave morphology. Garabelli et al. showed good agreement of the QTc
interval between two limb leads by a mobile device compared to a 12-lead ECG in 99 healthy volunteers
and patients loaded with dofetilide or sotalol up to a QT duration of 500ms, but with decreasing agreement
above 500ms.” Castelletti et al. investigated 351 measurements in 20 LQTS patients and 16 controls and also
found good overall agreement between a single lead mobile ECG device and a 12-lead ECG. However, the
range of disagreement also increased with increasing QTc duration.® Moreover, two other studies in 381 and



94 subjects without known QT interval prolongation, respectively, showed relevant discrepancies in the QT
interval between single lead mobile ECG devices and 12-lead ECGs.'314 Malone et al. furthermore reported
that the QT interval was not measureable in 9% of their study subjects due to low T-wave amplitudes.'®Our
results expand the current knowledge and suggest, that the interpretability of the limb leads further decreases
with even longer QT intervals in patients experiencing TdP.

For optimal patient selection for mobile ECG monitoring, a screening 12-lead ECG before treatment initation
might already identify some patients with non-interpretable QT intervals in the limb leads. However, T-wave
morphology might only change with increasing QT interval prolongation, which would not be recognizable in
the screening ECG. Of note, no patient in the above mentioned studies on mobile ECG QT monitoring has
experienced TdP, therefore their true prognostic utility in those patients is not known. A possible solution
to limited interpretability of the QT interval in the limb leads generated by mobile ECG devices could be
the placement of the devices in different chest positions in order to get chest lead-like cardiograms. However,
this promising approach has only been tested in a small patient population so far.!!

Strengths of our study include the systematic assessment of a large number of patients with diLQTS and
TdP. Limitations include the retrospective nature of our analyses of prior published cases with possible
publication bias. However, due to the overall low occurrence of TdP in diLQTS, a prospective study would
be unfeasible due to a large amount of participants needed. Furthermore, our study did not include a control
group.

In conclusion, our results point out the limits of QT interval measurement using only the limb leads in
patients with diLQTS experiencing TdP due to different T-wave morphologies in the limb and chest leads.
Patients with diLQTS and high risk for TdP should probably undergo limb and chest lead ECG screening.
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Figure legends

Figure 1 Reported drugs with potential for QT interval prolongation that patients were taking stratified
by drug class. Number in the brackets denotes number of individual drugs. AAD = anti-arrhythmic drugs;
DPM = diphenhydramine; MCP = metoclopramide.

Figure 2 Bland Altman plots comparing mean QTc¢ intervals of the limb and chest leads. Horizontal line
indicates mean difference.

Figure 3 T-wave morphologies in each individual lead and cumulative for limb and chest leads. Number In
the brackets denotes percentages.

Figure 4 12-lead ECG showing different T-wave morphologies over individual leads in the same patient.
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Figure 2
Figure 3
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