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Learning Objectives

By the end of this session, participants will be able 
to: 
 Recognize QTc prolongation and association with 

morbidity and mortality

 Apply a risk stratification scheme to individual 
patients to determine risk of QTc prolongation 

 Recommend management and monitoring 
strategies for patients at risk of QTc prolongation 



QTc Prolongation Outline

• What is the QT interval and QTc Prolongation
• How Common is QTc prolongation
• QTc Effect Literature Review
• Assessing Multiple Risk Factors
• Managing Common QTc Drug Therapy Problems
• Monitoring Plan for High Risk Patients
• Case
• Summary



What is the QTc Interval?



What is the QTc Interval?

• The time from the electrical stimulation (depolarization) of the 
heart’s pumping chambers (ventricles), to their recharging 
(repolarization).

• The QT interval varies with heart rate. It shortens as the rate 
increases and lengthens as the rate decreases.

• Therefore, there is no single QT interval that is normal or 
abnormal.



Range of QTc Intervals

In order to determine if a given QT is appropriate for a given heart 
rate, the QT is corrected for the heart rate using a mathematical 
formula, and this quantity is called the QTc. 



What is QTc Prolongation? 

• An inherited or acquired disturbance of the heart’s 
electrical system caused by abnormalities of ion channels 
found in heart cells.

• Ions (K+, Na+, Ca2+ and Cl-) pass across the cell membrane 
through channels and generate the electrical activity 
(depolarization and repolarization) that initiates the heart’s 
mechanical function. 



What is QTc Prolongation? 

• These electrical signals are recorded as the 
electrocardiogram (EKG or ECG).

• The abnormal function of one or more ion channels 
prolongs the repolarization process and the QT interval. 
This predisposes patients to cardiac arrhythmias.



What is QTc Prolongation?



Mechanism of Drug Induced QTc Prolongation
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Mechanism of Drug Induced QTc Prolongation



Reduced Repolarization Reserve (Roden 2003) is the reduction in the 
amount of K-mediated repolarizing channels (Ikr )

 Decrease number of available Ikr channels

 Drug Concentrations

 Heart Failure/ACS

 Genetic Variants in drug transport proteins 

 Genetic Variants in channels themselves

 Potassium level

 Magnesium level

 Bradycardia

Mechanism of Drug Induced QTc Prolongation



How Common is QTc Prolongation ?

Most studies indicate 18-35% of hospital inpatients on medical 
and cardiac care units have QTc prolongation.



Mambasa (2011) Canadian Journal of Hospital Pharmacy

• Patients admitted to hospital already on a drug known 
to cause QTc prolongation

– 26% of these patients had a prolonged QTc interval on 
the 12-lead ECG on admission

• Patients in this group were prescribed on average 1.5 
medications known to prolong QTc interval while 
admitted

• 18% had an arrhythmia that resolved

• 4% died, 2 patients (Torsades and V fib)

How Common is QTc Prolongation ?



Why are we concerned..?

QTc is a Surrogate for Torsades de Pointes(TdP)
• TdP (twisting of the points) refers to a polymorphic ventricular 

tachycardia, associated with prolonged QTc interval and bradycardia.

• TdP is thought to be caused by early after-depolarizations during 
prolonged repolarization. It is often self-limiting but may be potentially 
fatal, sometimes leading to syncope and/or sudden death. 

• TdP can be either congenital (1 in 2500) or acquired due to most 
commonly drugs (1 in 10-100,000)

• The actual incidence of TdP is unknown.

• Numerous drugs have the potential to cause TdP and have been taken off 
the market for that reason!



Why are we concerned..?

QTc is a Surrogate for Torsades de Pointes(TdP)
- QTc prolongation = Wide and Flat T wave 
- TdP = Polymorphic (beat-to-beat) changes in QRS

 Short- Long- Short R-R interval presentation
 R  on T phenomenom



Why are we concerned..?

QTc is a Surrogate for Torsades de Pointes (TdP)
 QTc prolongation = Wide and Flat T wave 

 Heterogeneity in the development of prolongation of the action 
potential and early afterdepolarizations results in a myocardium 
that is vulnerable to reentrant excitation, the probable 
proximate cause of TdP



QTc as a Surrogate for TdP

 Each 10-ms increase in QTc contributes approximately a 5% to 7% 
exponential increase in risk for TdP in these patients.

 Therefore, a patient with a QTc of 540 ms has a 60%- 95% higher 
risk of developing TdP than a patient with a QTc of 440 ms.

 97% of cases of torsades are in cases of QTc>500 ms

 Data from congenital LQTS studies indicate that a QTc>500 ms is 
associated with a 2- to 3-fold higher risk for TdP. 

 Case reports and small series of patients with drug-induced TdP
show similar increased risk when the threshold of QTc >500 ms is 
exceeded.



 Drugs that prolong the QT interval appear to have a TdP
incidence of 1% to 10%. (ex: quinidine, disopyramide, 
procainamide sotalol, dofetilide, ibutilide).

 Many non-antiarrhythmic drugs have also been associated 
with TdP through multiple case reports and small case 
series (ex: haloperidol, seroquel, domperidone)

 Less than 1% 

 You may not always find this information in the product 
monograph

QTc as a Surrogate for TdP



QTc as an Independent Risk Factor for Sudden  
Cardiac Death (SCD)
 Over an average of 6.7 years, the prevalence of cardiovascular comorbidity 

increased with an increasing QTc interval. 

 Abnormal QTc prolongation was associated with 2x increase in sudden 
cardiac death

 An abnormally prolonged QTc interval (>450 ms in men, >470 ms in 
women) was associated with a three-fold increased risk of sudden 
cardiac death.

 Inconsistently elevated vs consistently vs normal QTc

 Only Consistently QTc prolonged > normal QTc

QTc as a Surrogate for TdP



QTc as a Surrogate for TdP



Remember this?

Bozzo P, Koren G, Ito S. Health Canada advisory on domperidone should I avoid prescribing domperidone to women to increase milk 

production [corrected]?. Can Fam Physician. 2012;58(9):952-3.



• In the study conducted in the Netherlands, domperidone is 
available OTC; therefore, all exposures to domperidone were not 
captured.

• Studies lacked data on specific triggers of drug induced TdP such as 
hypokalemia, hyperkalemia or hypomagnesemia

• Overall risk of sudden cardiac death was 7 in 10,000
 Number needed to harm (NNH) = 1429 over 2 years

Bozzo P, Koren G, Ito S. Health Canada advisory on domperidone should I 

avoid prescribing domperidone to women to increase milk production 

[corrected]?. Can Fam Physician. 2012;58(9):952-3.

Remember this?



Remember This? 

http://www.healthycanadians.gc.ca/recall-

alert-rappel-avis/hc-sc/2015/43423a-

eng.php



Remember This? 

http://www.healthycanadians.gc.ca/recall-

alert-rappel-avis/hc-sc/2015/43423a-

eng.php



 Poor quality evidence is difficult to apply to our patients

 Prevalence is low enough that studies need to be longer and 
bigger

 Hence we need to rely on post-marketing analysis years after 
approval

 Study population lack multiple risk factors like we see today

 Post marketing and RCT before approval didn’t include multiple 
QTc prolonging drugs like we see today or other risk factors

 Very difficult to capture QTc prolongation on ECG before they 
present in torsades, V tach, V fib or arrest

 Variability throughout the day

Challenges for Clinicians



 “QTc risk” is the most common flag in Computerized Physician 
Order Entry (CPOE) EMR  programs for hospitalized patients

 It’s the number 2 reason for drug relabeling next to LFT 
elevation in the last 5 years

 There’s currently no risk stratification approach built into these 
programs that can give us summation of the risk

 Ethically

 Treating a value in an otherwise asymptomatic patient (unless 
SOB) is also difficult for balancing risk and benefits 

Challenges for Clinicians



 It is important to keep in mind that the QT interval 
is simply a surrogate marker for the risk of TdP.

 The risk of TdP does not correlate linearly with the 
QT interval or the extent of QT-interval 
prolongation.

Why do we care about risk factors?



Why do we care about risk factors?



AHA 2010 Statement on QTc Prolongation

Modifiable Risk Factors for TdP For Hospitalized Patients

• Use of QT-prolonging drugs

• Concurrent use of more than 1 QT-prolonging drug

• Rapid infusion by intravenous route

• Drug-Drug Interactions (including hepatic metabolic inhibition)

• Hypokalemia, Hypomagnesemia, and Hypocalcemia

• Treatment with diuretics

• Impaired hepatic or renal drug metabolism (due to drugs) 

• Sepsis



AHA 2010 Statement on QTc Prolongation

Non-Modifiable Risk Factors For Hospitalized Patients

• Congestive heart failure and LVH

• Myocardial infarction

• Sinus bradycardia, heart block, incomplete heart block with 
pauses, recent conversion from afib

• Advanced age (68 years)

• Female sex

• Impaired hepatic or renal drug metabolism (due to disease)

• Premature complexes leading to short-long-short cycles

• Congenital LQTS

• QTc > 500 ms



How do we put it all together?



How do we put it all together?



Risk Stratification and Managing Multiple Risks



Risk Stratification and Managing Multiple Risks



Risk Stratification and Managing Multiple Risks





Pro-QTc Score



Pro-QTc Score

Strengths 

• Developed to predict mortality 

• Large database of hospitalized patients

• Accessible information 

Limitations 

• Only applicable to those with already prolonged QT interval 

• Not validated 

• Each risk factor considered equipotent 



Drugs 

• More than 50 commonly prescribed 
medications can lead to drug-induced QT 
prolongation…

• With so many drugs that can cause QT 
prolongation how do we go about stratifying 
risk of potential drug-induced QT 
prolongation?



Stratification of Risk Factors

• Credible Meds → Free Resource!



Stratification of Risk Factors

• Credible Meds → Free Resource!



Stratification of Risk Factors

Drugs with “Known risk of TdP”
• On the Canadian Market: 33

– Ex: macrolides, flouroquinolones, Citalopram, Domperidone, Ondansetron, Sotalol, 
Amiodarone

Drugs with “Possible risk of TdP”
• On the Canadian Market: 52

– Ex: Quetiapine, Lithium, Nortriptyline, Tolterodine, Verdenafil, Venlafaxine

Drugs with “Conditional Risk of TdP”
• On the Canadian Market: 26

– Ex: Amitriptyline, fluoxetine, furosemide, HCTZ, Pantoprazole



High Risk QT Prolonging Medications

2007. University of Illinois College of PharmacyDrug-induced QT 

prolongation (Part 2): a focus on select 

medications.http://dig.pharm.uic.edu/faq/2013/Feb/faq2.aspx

Table 2: High risk QTc prolonging medications



Medium Risk QT Prolonging Medications

2007. University of Illinois College of PharmacyDrug-induced QT 

prolongation (Part 2): a focus on select 

medications.http://dig.pharm.uic.edu/faq/2013/Feb/faq2.aspx

Table 3: Medium risk QTc prolonging medications



Low Risk QT Prolonging Medications

2007. University of Illinois College of PharmacyDrug-induced QT 

prolongation (Part 2): a focus on select 

medications.http://dig.pharm.uic.edu/faq/2013/Feb/faq2.aspx

Table 4: Low risk QTc prolonging medications



Antibiotics 

 Fluoroquinolones and Macrolides with known risk of QT 
prolongation and TdP

 Moxifloxacin, Levofloxacin, Ciprofloxacin, Azithromycin, 
Clarithromycin, Erythromycin 

 Typical uses: 

 Pneumonia 

 Acute exacerbation of COPD 

 Urinary tract infection 



Antibiotics 



Antibiotics 



Antibiotics 

Urinary tract infections: 
 E.coli is most common causative organism
 Nitrofurantoin, beta lactams and SMX-TMP not associated 

with QT prolongation



SSRIs



Prokinetic Agents



Antipsychotics

• All antipsychotics have the ability to prolong the QT 
interval; however some have a higher risk of TdP than 
others.

Antipsychotics From 
highest to lowest QTc

prolongation in ms

Gören JL, Dinh TA. Psychotropics and sudden cardiac death. R I Med J (2013). 2013;96(3):38-41.



Wenzel-Seifert K, Wittmann M, Haen E. QTc prolongation by psychotropic drugs and the risk of 

torsades de pointes. Dtsch Arztebl Int. 2011; 108(41): 687-93.

Table 6:Relative risk of QTc prolongation, the ranges reported in the 

literature and the relative incidence of QTc prolongation in the literature.

Antipsychotics & QTc Prolongation



Antipsychotics

Forest plot for effect sizes 

of antipsychotic drugs 

compared with placebo 

for QTc prolongation

Leucht S, Cipriani A, Spineli L, et al. Comparative efficacy and tolerability of 

15 antipsychotic drugs in schizophrenia: a multiple-treatments meta-analysis. 

Lancet. 2013;382(9896):951-62.



(AHA 2010) Indications for QTc monitoring

(1) Initiation of a drug known to cause TdP

(2) Overdose from potentially proarrhythmic agents 

(3) New-onset bradyarrhythmias

(4) Severe hypokalemia or hypomagnesemia

(5) Intentional overdose situation

Systematic Approach To Managing Potential QTc Prolongation



(AHA 2010) Continuous QTc monitoring 

Continuous QTc monitoring is appropriate for drugs deemed most at 
risk to cause not only QT prolongation but also TdP. 

• After administration of an at-risk drug, if the QTc exceeds 500 ms
or there has been an increase of at least 60 ms compared with 
the pre-drug baseline value

• How long QTc measurement should be continued depends on

 Drug half-life or how long it takes for the drug to be eliminated from 
the body 

 How long it takes for the QTc to return to the baseline, 
and whether the ECG shows QT-related arrhythmias.

Systematic Approach To Managing Potential QTc Prolongation



Systematic Approach To Managing Potential QTc Prolongation

Initiation of Drug with Risk of QTc prolongation       or                                              
QTc > 500 ms or > 60ms increase                        

Risk assessment - the patient
What risk factors are present in the 
patient? 
What are past ECG QTc intervals? 

Risk assessment - the drug(s)
What are each drug and the overall risks of QT 
prolongation and TdP with? 
Which of the patient's other medications are 
of concern? (Renal, hepatic, drug interactions)

What is my patient’s Global risk, taking in 

consideration all risk factors?

Risk minimization
Address all modifiable risk factors (Potassium, Magnesium, Calcium)
Drugs: Within the same class, utilize drugs that carry the lowest risk of TdP
Consider alternative treatments with lower or no TdP-inducing potential 
Use lower doses, Use other routes than IV, Consider drug-drug, liver, kidney interactions
Consider stopping  drugs without indications, evaluate risk benefit of balance of drugs

Monitoring
ECG at baseline and after drug administration (12-24 hours)
Investigate if there is drug specific monitoring (Methadone, domperidone)
Continued risk factor monitoring minimization such as electrolyte disturbances dosage 
adjustments and drug interaction avoidance 



ECG signs of TdP and Management

Recommended actions when ECG signs of impending 
TdP develop are to:
• Discontinue the offending drug
• Replace potassium IV
• Administer 2 g IV magnesium
• Consider temporary pacing to prevent bradycardia 

and long pauses, and transfer the patient to a 
hospital unit with the highest level of ECG 
monitoring surveillance where immediate 
defibrillation is available.



• Repletion of potassium to supratherapeutic levels of 4.5 to 5 
mmol/L may also be considered, although there is little evidence 
to support this practice (Class IIb, Level of Evidence: C).34

• An increase in heart rate to prevent pauses that may trigger TdP
may be attempted with temporary transvenous atrial or 
ventricular pacing at rates >70 beats per minute.

ECG signs of TdP and Management

http://circ.ahajournals.org/content/121/8/1047.full#ref-34


 The ECG wave is constituted from the synchronous opening and 
closing of cardiac ion channels

 If you block the channels that cause electrical recovery of cardiac 
tissue, you get a QTc prolongation on the ECG

 Many unrelated drugs classes used in cardiac and non-cardiac 
condition cause QT prolongation

 Start to monitor more closely when QTc progressively increases 
beyond 450 ms

 Really get worried if in hypokalemia and hypomagnesemia

Summary



Summary

 QT prolongation leading to TdP is a relatively rare potential 
side effect of many drugs.

 Most common affiliated classes of drugs include: 
antiarrhythmics, antidepressants, antibiotics, and 
antipsychotics.

 It is important to consider patient risk factors as well as 
specific properties of the drugs.

 i.e. patients with 2 or more risk factors and 2 or more 
drugs with the risk of TdP


