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Drug induced Torsades

First described by Seltzer and Wray
in 1964 as explanation for Quinidine
syncope

Dessertenne first described Torsades
de points in 1966



Acquired Long QT Syndromes
Drugs:
Antiarrhythmics (1A, Ill)

Phenothiazines, antidepressants.

Antibiotics: erythromycin, ketoconazole, pentamidine
Antihistamines: astemizole

Metabolic: Toxins:

Low K, Mg, Ca. Liquid protein diet
Hypothyroidism Chinese herbs.
Organophosphates

Bradyarrhythmias  |ntracranial disease

Myocardial ischemia Neck Surgery




Ion Currents and Repolarization
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Mechanism of drug —induced

torsades 2

Late Na current is key to the rate
adaptation of ventricular
repolarization

For example, with large late Na current
there is longer APD (QT) at slower
rates.

Increased APD of any cause will serve

to amplify late Na current by slowing
inactivation and lead to prolongation

of the Tp-e interval (measure of TDR)
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From: Mexiletine Prevents Recurrent Torsades de Pointes in Acquired Long QT Syndrome Refractory to
Conventional Measures

JACCCEP. 2015;1(4):315-322. doi:10.1016/j.jacep.2015.05.008
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Figure Legend:

Effect of Mexiletine on Pause-Dependent QT Prolongation and QT-RR Slope

Pause-dependent QT exacerbation with large T-waves before the use of mexiletine (A) and its resolution after mexiletine (B). (C)
Plots displaying the change in QT intervals across different RR intervals in 8 patients, before (solid circles) and after (open
triangles) mexiletine. (D) Bar chart illustration of the change in mean QT-RR slopes of 8 patients before and after mexiletine use.

Date of download: 10/5/2015 Copyright © The American College of Cardiology. All rights reserved.



Measuring the QT Interval with T
Waves of Differing Morphology




Normal QTc Interval - Criteria

QTc (msec) Male Female

Norma <430 <450

Borderline 431-450 451-470



QT Intervals in Drug Induced TdP

Percent of Patients with QTc or QT> 500 msec (%)
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Makkar et al JAMA 1993; 270: 2590-2597.
Bednar & Ruskin (personal communication)



Pause dependent torsade (sinus arrhythmia
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Long QT Syndrome






Mechanisms Of Drug - Induced
QT Prolongation and Tdp

* Stimulation of |,

* Stimulation of |,



Mechanism of Torsades de Pointes



Arterially Perfused Left Ventricular Wedge

© %

Floating Glass
Microelectrodes|

perfusate

Yan & Antzelevitch Circulation. 1998;98:1921-1927
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Torsades de Pointes
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TdP: Multiple-Hit Hypothesis

* Drug exposure (IKr blocker)

 Second risk factor

— Bradycardia

— Hypokalemia

— Female gender

— Metabolic inhibitor

— Other QT prolonging drugs

— Underlying heart disease (CHF, LVH, AF)
— Genetic polymorphism (IKr or IKs)

— Cardiac Memory



Drug-Induced TdP - Gender Distribution
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distribution into tissues
-~ (transporters)
~ _yextrahepatic drug

to systemic circulation = - metabolism (kidney, lung, ...)
® > elimination
\ (kidney, other sites)

Drug
ingested

highly regulated ———vne0__,
expression of

individual drug-metabolizing
and drug-transporting
molecules

N

drug metabolism (enterocytes)

Roden, D. Cardiac Electrophysiology
(Zipes & Jalife) Ch XIV WB Saunders 2000



CYP450 3A4 Inhibitors

* Amiodarone

 Cimetidine

* Fluoxetine

* Grapefruit juice

* Protease inhibitors

 Ketoconazole; itraconazole
 Macrolide antibiotics (not Azithromycin)
* Nefazadone



QTc Changes with Terfenadine
Effect of CYP3A4 Inhibition with Ketoconazole

Change
In QTc
(msec)



Jrug Induced Torsades de Pointes

Drug EP Effects Metabolic Liability
Terfenadine IKr blocker 3A4 substrate
Cisapride IKr blocker 3A4 substrate
Mibefradil IKr blocker 3A4 inhibitor
Erythromycin IKr blocker 3A4 inhibitor
Astemizole IKr blocker 3A4 substrate
Dofetilide IKr blocker Renal excretion

Sotalol IKr blocker Renal excretion



Conclusions - DNA variants in the coding regions of congenital long-QT
disease genes predisposing to aLQTS can be identified in = 10% to 15% of
affected subjects, predominantly in genes encoding ancillary subunits.

Yang et al Circulation105:1943



Table 1
Heart Yang and Camm 89:1363 2003
Twenty most comemonly reporied drugs assocsated with torsades de pointes (TdP) between 1983 and 1999°

it &

cost ool Bt st B it
Sctabid 101 mse ATl
Coapride 97 6 “Es 149
Asicdacne 47 | 7S 034
Eydromycin 44 2 W6 o8
Matitde 43 | I e
Tefenadize 41 | 47 041
Quinidise 33 2 TSI 04S
Cusihwoemyein 33 0 IHE Q9
Haloperidad 2 6 154} Q4
Flaetne 20 | w9 0o
Diguxs w0 1928 Q10
| Procaimemide 19 0 w67 032
Towdie 19 0 2k 0xs
Flaccaarele 17 0 613 030
Disopyrasside 16 | WE 047
hepridi! 0 LR £




Torsades due to Antiarrhythmic agents

* Quinidine will induce Tdp at low or normal
serum levels higher levels block Na current

and is thought to be protective.

* Most class 3 agents show linear re
between drug dose and QTc as we
use dependency.(Dofetilide,Sotalo

* Amiodarone seldom produces Tdp
reverse use dependency as well as

ationship
| as reverse

Jbutilide)

absent
decreased

transmural difference in refractoriness



Treatment of Drug induced
Torsades 2015
Withdraw offending agent

Replenish potassium and correct
other aggravating factors

IV Mg and Mg infusion if necessary
Cardiac Pacing (Isoproterenol)
Mexiletine



JACC Journals

From: Mexiletine Prevents Recurrent Torsades de Pointes in Acquired Long QT Syndrome Refractory to
Conventional Measures

JACCCEP. 2015;1(4):315-322. doi:10.1016/j.jacep.2015.05.008
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Figure Legend:

Effect of Mexiletine on QT Interval and TdP

Electrocardiogram (ECG) strips of 4 cases displaying long QT pre-mexiletine, followed by torsade de pointes (TdP), and post-
mexiletine ECG strips. In case A, the post-mexiletine ECG was recorded 24 h after the first dose and after a total of 400 mg. In case
B, it was recorded 15 h after the first dose and after a total of 300 mg. In case C, the post-mexiletine ECG was recorded 25 h after
the first dose and after 600 mg of mexiletine. In case D, the post-mexiletine ECG was recorded 23 h after the first dose and after a
total of 600 mg. Note that all 4 episodes of TdP occurred following a long-short interval.

Date of download: 10/5/2015 Copyright © The American College of Cardiology. All rights reserved.



Background Badri et al JACC EP 1:315 2015

Long QT interval can predispose to TdP and is therefore associated with significant
monality. Currently, there is no avaiable pharmacotheragy 10 target directly tha lonic
basis of most LQTS for the acute termination of TdP. Earker evidence highlighted the roie
of lne In the pathophysioiogy of long QT and TdP, partcutarly in patients with congenital
LQTS.

Meathods

Twelve patients with TP caused by acquired LOTS were treated with mexiletine after
fadure of corventional treatment iInciuding discontinuation of QT-prolonging drugs,
intravenous administration of magnesium, and comection of serum electrolyte
abnormalities.

Results

No recurrenca of TdP occurred within 2 h afer iniliation of treatment with mexietine in all
12 patients. Macro T-wave allernans accompaniad by QT prolongation, an
electrocardiographic precursor of TP that was seen in 3 patients, was aiso abolished by
maxiieting, Treatment with maxiletine shortened the QT interval from 569 2 27 ms to 514
£ 16 ms (p =0.001). The interval from the peak to the end of the T-wave (T, interval)
decreased from 1452 18 ms to 106 £ 9 ms (p = 0.008). The T, /QT ratio decreased from
027200210 0.2320.018 (p » 0.01). Mexiletine had no significant effect on QRS

complex duration.
Conciusions

Ina Dlockade with mexiletine may be an effective treatment approach 1o terminate
refractory TdP from several acquired causes of LQTS,



Potential beneficial effects of late Na
blockade

Decreased QT in animal models of pronged QT
Shown to be effective in patients with LQT3

Mexiletine,Flecainide and Ranolazine have
been shown to decrease the QT in pts with
LQT3 but latter 2 also block lkr ( also true of

Verapamil)

Experimental drug (Gilead) pure late Na
channel blocker



Cardiac memory mimicking myocardial

ischaemia
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Figare 1

Tweivedead ECGs from patient with sick sinus syndrome. A, snus riythm
and nonspeciic ey repclar2aton abnormaltes before pacemaker
rplanaton; B, veniiouar paong one day aler pacemaker implantation. C,
row T wave irversions with nirnsic veniicute: mythe two deys sfter
pacemaker implanation; D, resciution of T wave Nversion three days afler
Secemast mplanmaton




Long QT syndrome complicating atrio-ventricular block:

The proarrhythmic role of cardiac memory.

‘Raphael Rosso®, M.D., ‘Arnon Adler®, M.D., *Boris Strasberg, M.D., "Milton E.
Guevara-Valdivia, M.D., ‘Rivaz Somani, M.D., “Adrian Baranchuk, M.D., *Amir
Halkin, M.D., *Manlio F. Mdrquez, M.D., “Thomas Oliver, M.D,, *“Melvin Scheinman,
M.D., 'Arie Steinvil, M.D,, Bernard '8elhassen, M.D., "Mark Kazatsker, M.D., *Amos
Katz and “Sami Viskin, M.D.



Effects of QRS morphology change during atrioventricular block (AVB).
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Raphael Rosso et al. Circ Arrhythm Electrophysiol.
14;7:1129-1135
American

Heart
Association. Copyright © American Heart Association, Inc. All rights reserved.
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QT Prolongation During Therapeutic Hypothermia of Sudden Cardiac Arrest
Patients Does Not Cause Predisposition to Ventricular Arrhythmias

JAVID N. GACHOKA, mo, MUJEEB SHEIKH, mp, YOUSEF AL AHWEL, mo, BLAIR P. GRUBB, mp, Face, JEFFREY
JAMMERSLEY, mp, SADIK KHUDER, pho and YOUSUF KANJWAL, mp, FACC

Jniversity of Toledo Medical Center, Electrophysiology Section, Division of Cardiology, Department of Medicine, University
»f Toledo, College of Medicine, Toledo, OH



35 year old presents with cardiac arrest
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Routine ECG 1 day prior to cardiac arrest
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QTc Intervals in Carriers of Long QT Gene and Controls.

Bl Carriers of Long QT gene
Controls
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QTc Interval (seconds)

Vincent. N Engl J Med 1992.




Congenital Long QT Syndrome: TU-Wave Alternance




