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AV-block and Torsade de Pointes:
Who is at Risk?

Raphael Rosso
Tel Aviv Medical Center, Israel
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AV-block The most common (and least studied) form of
torsade de pointes.
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Two cases of complete heart block

showing “unusual features.” Wilson F, Robinson C.
| Arch Intern Med 1918;21:166.
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Multlple extrasystoles the extrasystoles were
ot always of the same type and they occurred at
: e @ a rapid rate.

% |n: Jani, Schweitzer, History of electrocardiology. A.N.E. 2006



TRANSIENT VENTRICULAR FIBRILLATIOI\'. V.

Tue EFFECTS OF THE ORAL ADMINISTRATION OF QQUINIDINE SULPHATE ON
PatienTs WiTH TRANSIENT VENTRICULAR FIBRILLATION DURING
ESTABLISHED ATRIOVENTRICULAR DISSOCIATION.

Spney P Scewartz, M.D., M. PRICE MarGoLIES, M.D.,
AnD AxTHONY FIRENzE, M.D.

N NEW York, N. Y.

Am Heart J 1953;45:404-415
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La tachycardie ventriculaire a deux foyers opposes variables.
F. Dessertenne.
Arch Mal Coeur Vaiss 1966;59:263.
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~ Complete AV-block with/without torsade.
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Kurita, Am J Cardiol 1992



Biventricular hypertrophy and dilatation after AV block.

Dog studies.
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Vos, Circulation 1998.



LQTS in AV block: The rabbit model [Tsuji, Circulation 2002]
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Torsades de pointes complicating atrioventricular block:
Evidence for a genetic predisposition

Philippe Chevalier, MD, PhD,* Chloé Bellocq, PhD,” Gilles Millat, PhD,* Eric Piqueras, MD,*
Franck Potet, PhD', Jean-Jacques Schott, PhD!, Isabelle Bar6, PhD', Hervé Lemarec, MD, PhD!,
Jacques Barhanin, PhD*, Robert Rousson, MD, PhD,* Claire Rodriguez-Lafrasse, PhD*

From the *Hépital Cardiologique, Hospices Civils de Lyon, Lyon, "Institus du Thorax INSERM, Nantes, and " Institus de
Pharmacologic Moléculaire et Cellulaire, Sophia-Antipolis, France.

BACKGROUND The prevalence of genetic risk factors has not been
systematically evaluated in the setting of complete atriventricular
(AV) block complicated by long QT syndrome (LOTS).

OBJECTIVE This study was performed o determine to what extent
acquired LATS in the context of AV block has a genetic substrate.

METHODS Among 420 recipients of pacemakers implanted over 2
J-year period, we identified retrospectively 29 patients with com-
plete AV block and & QT iaterval >600 ms in duration. A second
study group incdluded 22 randomly selected patients who had AV
block and a Q7 interval <600 ms. Normal controls were 100
consecutive individuals without medical history. Genetic studies
screening for HERG, KINQ1 KONEL, KONEZ, and SONSA mutations
were performed,

RESULTS We identified four mutations on genes encoding potas-
sium channels in five patients with AV block and acquired LQTS.

These mutations were not found among patients with AV block and
a QT interval <600 ms in cueztion or in healthy volunteers.
Functional expeession of theee HERG mutations (R328C, R696C,
and R10LTL) had a dominant negative effect on wild-type 1,,. One
KCNEZ matation (R7TW) identified in a patient treated with fle-
cainide did not alter 1.

CONCLUSIONS This study showed that complete AY block com-
plicated by LQTS was associated with HERG mutations in 17% of
cases. Further studies are needed to identify factors, genetic or
environmental, which may be implicated in bradycardia-related
abnormalities of ventricudas repolarization.

KEYWORDS Atrioventricular block; Long QF interval: Torsades de
pointes: HERG mutation

(Heart Rhythm 2007:4:170 ~174) © 2007 Heart Rhythm Society. All
rights reserved.




Group 1, AVB Group 2, AVB Group 3, AVB with long QT

with long QT without long QT syndrome and genetic
syndrome (n = 24) syndrome (n = 22) wvanant (n = 5)
Age (mean = SD) 69 ~ 17 70 = 12 It » 12
females 12 {50) 13 (59) 1 (20)
Histoey of atrial fibrilation 6 (27) 1{20)
Cardhomyopathy 10 (42) 7(27) 1(20)
Left ventricular ejection fraction (<50) 1(4) 1(4.5) 1 {20)
Hypokalemia (<3.50 mmol/L) 5 (20) 1(4.5) 1 {20)
Treatment with 3 QT-prolonging drug 7(29) 0 1{20)
Family history of sedden cardiac death before 35 years of age 0 0 4 (80)
Long QTc¢ interval in previces electrocardiogram without AVE 0* o° I
QT¢ during AVB (mean = SD) 744 = 69 529 =5 768 = %9
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The Morphology of the QT Interval Predicts
Torsade de Pointes During Acquired Bradyarrhythmias

lan Topilski, MD, Ori Rogowski, MD, Rafael Rosso, MD, Dan Justo, MD, Yitschak Copperman, MD,
Michael Glikson, MD, FACC, Bemard Belhassen, MD, Marek Hochenberg, MD, Sami Viskin, MD

T Aviv, Irrael

Objectives

Background

Results

Conclusions

JACC 2007

The purpose of this study was % define the slectrocardographic (ECG) predictons of torsade de pointes (TdP)
Aurng acquired beadyarrtythmias.

Compilete atrioventricular block (CAVE) might lead to downreguiation of potassium chansels, QT interval prolon
gation, and TdP, Bocause potassium-channel maltunction causes characteratic T-wave abrormalities in the con-
gonital long QT myndrome (LQTS), we reasoned at T-wave atnormalities like those Sescrided in the congenital
LQTS would identity patients at risk for TOP during acquired bradyasrhythmias.

5 a casecontrol STLdy, we compared 30 cases of bradyarrhythwmias complicated by TdP with 113 cases of un-
complicatod Seadyarrtythmias. On Bhe basls of the criteris used for the congenital LOTS, T waves wore defined
s LQTL4ke (ong QT interval with broad T waves), LQT2ke (notched T waves), and LQT34ike (small and late)
T worves.

-

Nokther the ventricular rate noe the QRS width st the time of worst Seadyarrtythmis predicted the risk of TP,
However, the QT, corrected QT (QTc), and T -T__ Intervals corrolated with the risk of TEP. The best single Os-
oriminator was a T ~T_, of 117 ms LQT1dke and LQT3-4ke morphologies were rare during bradyamhyth-
mias. In contrast, LQT2-ke “notched T waves” were observed in S5% of patients with TaP bet in only 3% of pe-
tients with uncomplicated teadyarriythmias (p < 0.004) A 2.42ep model based on QT duration and the
presence of LQT2-4e T waves identified patients at risk for TdP with a positive predictive value of B4%.

Prolonged QT imervad, QTo imterval, and T ~T__, cormolate with increased risk for TéP during acquired brady
sertrpthmiss, particslarty when accompanied by LQT24ke notched T wives. ) Am Coll Cardiel 2007:49:320-8)
€ 2007 by the American College of Cardiology Foundation



Comparison of patients with AV block complicated by
torsade de pointes to patients with uncomplicated AV block

AV-block with Uncomplicated P-Value
Torsade de pointes AV-block

Age 72+16 76 £ 11 NS

Female 77% 40%

CAVB 78% 37%
R-R 1490 % 480 1540 = 300 NS
QT 684 100 494 + 68 <0.001

QTc 571273 402 £ 53 <0.001

Topilski (Viskin) J Am Coll Cardiol 2007



T-wave morphology defined according to data from the CONGENITAL LQTS.




LQT2-like morphology during AV block.







Sinus node dysfunction
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“Bumps-ahead”
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Atrial fibrillation with average ventricular rate of 42/min
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From the first extrasystole to VF in only 15 seconds !



Cardiac memory induced by pacing.
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Shvilkin (Rosen), Circulation 1998.
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Original Article

Long QT Syndrome Complicating Atrioventricular Block
Arrhythmogenic Effects of Cardiac Memory

Raphacl Rosso, MD*: Arnon Adler, MD*: Bons Strasberg, MD;
Milton E. Guevara-Valdivia, MD: Rivaz Somani, MD; Adrian Baranchuk, MD;
Amir Halkin, MD: Manlio F. Mirguez, MD: Mclvin Scheinman, MD: Anie Steinvil, MD:
Bernard Belhassen, MD: Mark Kazatsker, MD: Amos Kz, MD; Sami Viskin, MD

Background-The magnitude of QT prolongation i response 1o beadycardsa, rather tham the bradycardia per se, determines
the rsk for torsade de pointes during atnoventncular block (AVE). However, we do not know why some patients develop
more QT prolongation than others, despite simalar bradycardia. We hypothesized that in paticats who develop significant
QRS vector changes duning AVE, the effects of cardeac memory lead to excessive QT prolongation

Methods and Resulis—We stodwed 91 patsents who peesented with AVB and who also had an BECG predating the
bradvarrhythmia for companson. We correlsed changes in QRS morphology and axis taking place during AVE with
the bradycardia-induced QT prodongation. Pabients with and without QRS morphology changes at the time of AVEB were
of simalar age and sex. Morcover, despite simalar R-R mterval duning AVE, cases with a QRS morphology change had
significantly longer QT (64584 versus S61£84; P<0.001) than those without. Patients who developed a change in QRS
morpbology ot the time of AVEB had a 7-fold higher nsk of developing long QT. Thas nisk ncarly doubled when the change
in QRS morphology was accompamed by a change in QRS avs,

Conclusions—Cardsac memory resulting from a change in QRS morphology during AVB is independently associated with
QT prodoagation and may be arrhythmogenic durmg AVB. (Cire Arrhrythm Electrophysiol. 2014:7:1129-1135,)

Key Words: atnoventncuolar block @ lomg QT syndrome @ torsade de pointes



Long QT syndrome complicating AV-block:

The proarrhythmic role of cardiac memory.

2:1 AVB CAVB
Heart rate beats/min 44 + 5 37+8 p=NS

QT msec 532 + 107 602 * 87 p=0.004

QTC msec 452 + 92 465 £ 75 p=NS




Changes in QRS-morphology or QRS-axis at the
time of AV block (in comparison to baseline)

47%

All cases 2:1 Complete
AV-block AV-block



Comparison of patients with and without changes in QRS
morphology at the time of AV block

Change in QRS No change P-Value
pattern

Age 78 £ 110 76 £ 14 NS

Female 45% 58% NS

R-R 1690 = 390 1670 2470 NS

QT 684 + 84 561 + 84

505+ 76 440 £ 70

46 + 80 6174




Effects of changes in QRS morphology during AV block.

50-year-old male.
Baseline
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Absence of QT prolongation despite extreme bradycardia
60-year old male. Ventricular rate 28 betas/min
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Predictors of torsade de pointes during AV block

Female gender (x7)

Complete AV block x3)

Change in QRS (x5)

Change in QRS and axis (x11)

10 20 30 40 50 60

Odds ratio (with 95% confidence limits) for torsade de pointes




Electrocardiographic predictors of bradycardia-induced

torsades de pointes in patients with acquired

atrioventricular block @ @

Min Soo Cho, MD,” Gi-Byoung Nam, MD, PhD,” Yong-Guin Kim, MD,” Ki-Won Hwang, MD,
Yoo Ri Kim, MD,” HyungOh Choi, MD,” Sung-Hwan Kim, MD,” Kyoung-Suk Rhee, MD, PhD,’
J

Nam-Joon Kim, MD,
You-Ho Kim, MD, PhD, FHRS®

une Soo Kim, MD, PhD,* Jun Kim, MD, PhD, " Kee-Joon Choi, MD, PhD,”

From the "Heant Institute, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea,
' Division of Cardiology, Department of Internal Medicine, Chonbid National University Hospital, Chonbuk
National University, Chonju, Korea, and *Department of Cardiology, Samsung Medical Center,

Sungkyunkwan University School of Medicine, Seoul, Korea.

BACKGROUND Predictons of torsades de pointes (TdP) in bradyes-
hythmisinduced acquired long (7 syndrome are not well defined.

OBJECTIVE The purpese of this study was to search for electro-
cardiographic (ECG) TdP predictors in patients with acquired
atrioventricular block (AVS) and QT prolongation.

METHODS We analyred 12-lead ECGs froen 20 patients (15 females,
2ge 65.9 = 15.6 years) with TdP episodes from among 898 AVE
patients (2.2%) in 3 testiary hospitals. The ECG repolarization
parameters in TdP patients were compared with those of 80 age-
and sex-matched control AVB patients with mo TdP eplsodes.

RESULTS TdP was initiated by premature ventricular complexes with
a long-short sequence of activation, The average cycle length cof the
long sequence was 12899 = 228.9 ms and was 2.3 = 0.6 times
longer than the cycle length of the sho tequence. TAP patients had »
sigrificantly beger mean QT intenval (7164 = 989 ms v 5232 =
913 ms, P = 001), mean T peak to end intenval (334.2 = 5%.1msvs
1660 = 73.7 ms, P = .001) and a Mgher T peak to end ‘nterval/QT
ratic (0.49 = 0.09vs0.27 = 0,11, £ =.001) compared with non-TdP
controls. TdP patients showed a higher prevalence of notched T waves

in which T, was 2t leat 3 men taller than T, (45.0% v 1.3%,
P w 001), triphasic T waves (30.0% vs 1.3%, P w .001), reversad
asymmetry (20.0% vs 0%, P = .001), and T-wave alterrans (35.0% v
0%, P = 001). An aigorithm combleing these morphologic param-
eters was able to differentiate TdP patients from non-TdP patients
with high sensitivity (85.0%) and specificity (97.5%).

CONCLUSION An sgorithm combining spectic T-wave morpholo-
gies was useful for identifying patients with AVB who are at risk for
developing TdP,

KEYWORDS Atriovestricular blodk: Bradycarda: Tomsades de
pointes; T waves; Long QT syndrome

ABBREVIATIONS AUC = area under the curve; AVE =
atroventricular  block; €1 = confidence interval; €6 =
electrocardiography: 10R = interquartile range; LOTS = loceg (T
syndroeme; ROC = recefver operating characteristic; TP = torsades
de pointes; Tpe = T peak to end interval; TWA = Towave alternans

(Heart Rivythm 2015;12:498-505) © 2015 Heart Rhythm Soclety. All
rights reserved.




Number of deflections in the T wave

V 2 \3

Negative
N defiection Negative deflection
/ vl below isoelectrical line
Steeper
ascending kmb N

o -W/\

Normal Reversed
Twave  Asymmetry

Inverted Biphasic Notched Triphasic
T wave T wave T wave T wave



T wave allomans

7 Yes 23
SN=350% SP=100%

3 Yes No 90

SN=50% SP=100% i

Triphasic T wave

4 Yeos

SN=70.0% SP=98.5% /

TZ2>>T1

5 Yes No 81
SN=85 0% SP=97 5% SN=§Q7 5% SP=85 0%



So... how to predict torsade?

Who should get an temporary
pacemaker?




Conclusions: Torsade de pointes during acquired bradyarrhythmias.

Step 1.

Select patients with QT >510 msec.

Sensitivity 100%, PPV=41%.

Heart rate and QRS are not predictors.

QT, QTc, Tpeak-Tend are predictors

T wave morphology is important




