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Recommendations on Best Practices for Utilizing Advanced ECG/Holter Markers  

In Cardiac Safety Assessment 
 

1. Background: 
 

QT/QTc prolongation on surface electrocardiogram (ECG) is currently considered the 
standard for cardiac safety assessment in pre-clinical and clinical development (ICH S7B and E14 
guidance documents).  However, this ECG-based surrogate marker has significant limitations and 
in some cases provides insufficient information for an accurate characterization of the safety 
profile of a novel drug.  The dissociation between the presence of QT interval prolongation and 
an increased risk of arrhythmias is supported by the existence of drugs associated with a QT 
interval prolongation but a limited history of torsades de pointes (TdPs) at therapeutic 
concentrations, such as amiodarone, tamoxifen, carvedilol, moxifloxacin.  Conversely, several 
drugs that were withdrawn from the market due to arrhythmia and arrhythmic deaths exhibited 
very small QTc prolongation.   

 
Furthermore, the normal physiologic variability of the QT interval (approx 70-90 ms over 

24 hours) as well as its dependency on the heart rate make it highly challenging and costly to 
conduct the cardiac safety studies that aim to exclude a 10 ms prolongation of this interval due to 
the drug effect on repolarization.   

 
It has become clear that the conventional methods of QTc measurement are insufficient 

for a robust characterization of cardiac safety of novel drugs, and that in some specific situations 
the sole reliance on this measure leads to terminations of development programs for inherently 
safe products.  These specific situations are described below. 

 
2. Challenges in Cardiac Safety Evaluation of the Certain Drugs:  

 
Drugs Affecting the Autonomic Nervous System (ANS): 

 
Drugs that affect the autonomic nervous system (e.g., produce change in heart rate, blood 

pressure, or change in autonomic state such as sleep) are more likely to cause a false-positive 
QTc finding because of significant limitations in the conventional methods of measuring QT 
prolongation in ECGs[1-3].  This can be problematic when trying to distinguish the changes in QT 
interval by either drug-induced delayed repolarization or from autonomic-mediated physiological 
responses[4]. The QT interval is known to be dependent on both heart rate as well as history of 
heart rate[5].  Therefore, to assess the effect of this type of drug on cardiac repolarization properly 
the methods need to take into account changes in the RR interval and the history of the QT-RR 
relationships several minutes prior to the point of QT measurement, as well as assess QT-RR 
dynamics under varying autonomic states. 

Linear mathematical formulae for heart rate correction (QTc Bazett’s, Fredericia, 
individualized, etc.) work well only when the subject’s heart rate does not significantly deviate 
from approximately 60 beats per minute.  The linear correction method utilizes averaged sampled 
data from several timepoints.  While this averaging simplifies computation, it also has a 
significant potential to distort the representation of the true physiologic phenomena in a 24 hour 
Holter dataset.  In addition, the linear correction methods do not address subject-specific 
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differences in QT-RR dynamics.  Therefore, in these situations the linear correction methods 
should be supplemented with methods that address the dynamicity of the QT-RR relationship.  In 
addition, it should also be considered that many compounds will have different pharmacology 
acutely vs. chronically i.e. NRI inhibitors effects on hemodynamics[6,7]. 
 
Examples of Drugs Affecting ANS: 
 

In general, any compound that reduces blood pressure leading to reflex tachycardia 
would be a candidate for a false-positive effect in a TQT study.  Tachycardia as a result of direct 
cardiac stimulation, e.g., alpha vs. beta adrenergic agonists, may have varying degrees of 
arrhythmia liability and need to be assessed differently using both spatial and dynamic 
techniques[8]. Likewise, any compound causing increases in blood pressure can lead to false 
negative QTc results or under-estimation of pro-arrhythmia potential of the drug[4].  One should 
also keep in mind that assessment of autonomic changes in normal subjects may be quite different 
than in the target patient population due to the disease/condition itself affecting the autonomic 
tone (sleep, psychosis, digestion, agitation etc).   

Finally, any drug that is already known to block HERG that is still being pursued 
clinically should consider using both dynamic and spatial techniques because not all HERG 
blockers are created equal (thioridazine vs. ziprasidone; moxifloxacin vs. sparfloxacin; fluoxetine 
vs. citalopram; telithromycin vs. erythromycin).   

 
The following list provides specific examples of compounds that affect the autonomic 

nervous system, where the QTc measurements are known to be problematic:  
 
Vasodilators (Drugs that primarily induce reflex tachycardia):  

o PDE5 inhibitors  
o Ca channel blockers (some more than others since AV block may reduce reflex 

tachycardia) 
o Alpha-blockers (hypotensives and drugs for benign prostatic hypertrophy, as well part of 

pharmacology like risperidone, ziprasidone) 
o GABA agonists (drugs that induces sleep) 
o CNS depressants (like chloral hydrate or alcohol) 
o Drugs that induce histamine release acutely (many antibiotics given iv:  quinolones, 

macrolides, polyamines) 
 

Anticholinergics: 
o M1 antagonist for urinary incontinence  
o M5 antagonists for COPD 
o Antipsychotics 
 

Complex pharmacology (can increase or decrease autonomic tone): 
o Serotonin reuptake inhibitors or modulators (depression and anxiety) 
o Norepinephrine reuptake inhibitors (pain, incontinence, depression and anxiety) 
o 5HT3 antagonists (antiemetics) 
o D2 antagonists (antipsychotics, antiemetics) 
o 5HT4 agonists (prokinetic agents) 
o Antibiotics (quinolones, macrolides, novel?) 
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o Indirect effects (changes in nausea/emesis, thermoregulatory, etc.) 
o Anything with sympathetic activity (decongestants, bronchodilators, beta-blockers) 
o Analgesics (opioids more specifically but other novel mechanisms as well) 
o Novel mechanisms where peptides are known to cause physiological changes (eg. 

substance P, CRH, Kinases, proteases inhibitors) 
o Cholinergics (dementia) 

 
 
Drugs Affecting Morphology of the T-Wave: 
 

It is recognized that some drugs may affect the morphology of the T-wave, and thus lead 
to significant variability in the measurement of the QT interval.  Further, the prolongation of 
specific portion of the T-wave (which represents early or late repolarization duration) as well as 
other morphological characteristics of the T-wave are also known to carry information with 
regard to the degree of arrhythmia risk when the drug-induced QT prolongation is detected[9,10].  
Finally, when the evaluation of cardiac safety can only be performed in patients (as opposed to 
healthy volunteers) it is often confounded by the T-wave morphology affected by the disease 
state, leading to reduced precision of measurement.   

 
In such development programs, it is important to consider incorporating ECG markers of 

T-wave morphology. Collecting this data as secondary or investigative endpoints in a cardiac 
safety study, along with the standard QT/QTc parameters is likely to provide important additional 
information, as well as help improving the precision of QT measurement.  This supplementary 
information can potentially help to avoid the cessation of development of an inherently safe 
compound associated with “benign QT” changes, or ensure that compounds with very small QT 
prolongation do not actually have torsadogenic properties. 
 
Examples of Drugs Affecting Morphology of the T-Wave: 
 
Antiarrhythmics: 
Sotalol 
Dofetilide 
Amiodarone 
Ranolazine 
 
Examples of Disease States Affecting Morphology of the T-Wave: 
 
LQT Syndrome patients 
Cancer patients (e.g., advanced disease, treatment with cytotoxic agents) 
Cardiovascular disease (e.g., heart failure, atrial fibrillation, post-myocardial infarction) 
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3. Recommendations on Advanced ECG/Holter Methods for Cardiac Safety Evaluation in 
Drugs Affecting ANS and T-Wave Morphology: 

 
3.1. Dynamic QT Assessment Beat-to-Beat (QTbtb)1: 
Dynamic assessment of ECG data beat-to-beat (QTbtb) allows quantification of QT interval 
changes under varying conditions of heart rate and autonomic tone, which is not possible with 
the use of standard QT correction formulae.  This powerful advanced ECG biomarker relies 
on a set of sophisticated algorithms for dynamic data visualization, providing drug developers 
with an ability to visualize how a sequential series of QT-RR measurements or “cloud’ moves 
over time.  Instead of linear correction, the QTbtb method utilizes statistical bootstrapping 
technique which determines the upper (or lower) 95% confidence boundary. This sampling 
technique is used widely in research and it is more appropriate than linear methods for 
studying changes in the large non-uniformly distributed data samples such as QT-RR 
measurements from Holter recordings. 
 
3.2. Measurement of QT interval at Steady-State QT-RR Relationship (relevant for ALL QT 

studies): 
This method relies on filtering technique whereby the algorithm is identifying and flagging 
the periods of Holter recording where the RR is changing by more than 10%.  These periods 
are identified as periods of instability and deemed unsuitable for extraction of ECGs for 
subsequent QTc measurement and over-reading.  Using this method the ECGs are extracted 
not only at the timepoints identified in the study protocol, but also within the periods of stable 
RR around each timepoint.    

 
In addition to heart rate stability, this method provides assessment of signal to noise ratio 
(SNR) for every beat, including high-frequency (HF) and low-frequency (LF) noise and T-
wave amplitude assessment.  These metrics are very important for identifying the periods of 
ECG recording most suitable for subsequent measurement of the QT interval because they 
help reduce the variability of QT measurement.  These values also provide measurement of 
the confidence level in the value of QT for each bin.   
 
In comparison studies, this technique has been shown to reduce the variability of 
measurement by up to 20% compared to conventional methods of measurement of QTc 
(without algorithmic identification of stable areas of Holter).    

 
3.3. QT Measurement Using COMPAS2 Bin Method: 

 

                                                 
1 QTbtb is a method for assessment of QT-RR dynamics under varying autonomic states (US Patent 
#6847840). It was developed at Pfizer Inc and used extensively in preclinical development.  It was licensed 
to iCardiac in 2006.   
2 COMPAS (COMPrehensive Analysis of repolarization Signal) software platform has been developed and 
validated at the University of Rochester Heart Research Follow-Up Program, (Rochester, NY).  Heart 
Research Follow-Up Program is the leader in electrophysiology and drug safety research with nearly 30 
years of research in quantitative analysis of ventricular repolarization and congenital Long QT Syndrome.      
The COMPAS software has been licensed by the US Food and Drug Administration for research and data 
review purposes.   
 



 
 

�
���������	�
�����
����
����	���������������

���������������� ������� !�"#����
 

Holter bin method compares the QT values for matched narrow “bins” of heart rate and 
therefore allows for evaluation of the QT interval across a wide range of heart rates.  This 
method does not rely on mathematical correction of the heart rate.   

 
COMPAS method relies on beat-to-beat measurements of QT interval for all cardiac beats 
selected in a given RR bin instead of a representative or median beat.  This is an important 
advantage versus other Holter bin methods since in some cases a representative beat may not 
adequately reflect the QT values in one RR bin.  This may happen if, for example, a drug 
changes the morphology of the T-wave or if a bin includes beats at different plasma 
concentration of the drug.  This functionality is particularly important when analyzing data of 
drugs with fast acting profile.  

 
This analysis is substantially computerized and thus is more accurate and still very cost-
effective.  In addition, this method addresses the main criticism of the earlier Holter bin 
methods by the FDA, since it provides the ability to check whether the averaged values really 
create a homogeneous data cluster.   

 
3.4. Markers of T-Wave Morphology: 

 
Specific quantifiable morphological features of the T-wave significantly improve sensitivity 
and specificity in detecting the drug effect on QT interval when compared to QTc 
measurement alone.  Furthermore, these morphological markers characterize a predisposition 
to TdPs and thus may provide important further insight into the proarrhythmia potential (or 
lack thereof) for a novel drug.   
 
The morphological markers can be quantified in either standard digital ECGs (12-lead 
recommended) or in Holter recordings.  The quantification of these parameters is largely 
automated and does not rely on identification of the end of the T-wave, leading to a cost-
effective and stable set of measurements.    
 
Assessment of morphology of the T-wave has become a routine requirement for TQTS.  
While there are currently no specific regulatory guidelines as to what type of T-wave 
morphologyis required, the methods described herein would provide a rigorous 
characterization of the morphological changes, and thus supplement any qualitative 
observations included in the TQTS analysis.   
 
The following table describes examples of the parameters that are used in assessment of the 
T-wave morphology changes:  

 

Steady-state morphologic repolarization parameters  

Parameters Leads Unit 
Tpeak-Tend (TpTe) All/PCA Ms 
QT apex All/PCA Ms 
QT area All/PCA Ms 
Early repolarization Ev1 Ms 
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duration (ERD x%) 
Late repolarization 
duration (LRD x%) 

Ev1 Ms 

T-amplitude All/PCA MV 
T-symmetry All/PCA No unit 

Dynamic repolarization parameters 
 (Holter only) 

Parameters Leads Unit 
QT/RR Lead II/PCA Nu 
Tamp/RR Lead II/PCA mV/ms 
QT/TQ Lead II/PCA Nu 
QT variability Lead II/PCA Ms 
T-wave variability Lead II/PCA mV2 
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