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T-Peak to T-End Interval May Be aBetter Predictor of High-Risk Patientswith
Hypertrophic Cardiomyopathy Associated withaCardiac Troponin | Mutation

Than QT Digpersion
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Summary

Background: Petients with hypertrophic cardiomyopathy
(HCM) associated with adeletion of lysine 183 (K183dd) in
the cardiac troponin| (cTnl) gene suffer sudden cardiac desth
at al ages. However, the correlation between QT variablesand
sudden cardiac death in these patientsremainsuncertain.

Hypothesis: We evaluated the correlation between QT
variables and sudden cardiac death and/or ventricular tach-
yarrhythmia (SCD/VT) in patients with HCM associated
withthecTnl mutation.

Methods: We analyzed 10 probandswith HCM associated
with the cTnl gene K183de and their family members. The
subjectsweredivided into three groups: Group A (n=7), mu-
tation carrierswith SCD/V'T; Group B (n= 16), mutation car-
rierswithout SCD/VT; Group C (n= 24), nomutation carriers.
QT interva swere corrected using Bazett'sformula.

Results: Maximum QTc and corrected QT dispersionwere
significantly longer in Groups A and B than in Group C.
However, there were no differences in either parameter be-
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tween GroupsA and B. Onthe contrary, the peak-to-end inter-
va of Twave/QT interva in Vs (Tpe) in Group A wassignifi-
cantly longer thanthat in GroupsB and C. Logigtic regression
analysis revealed that Tpe was a good clinical predictor for
SCD/VT inpatientswith HCM inthisstudy.

Conclusions. Theseresultssuggest that Tperather than QT
dispersion may be one of the best predictorsfor SCD/VT in
patientswith HCM associated with the K183ddl mutation in
thecTnl gene.

K ey wor ds. hypertrophic cardiomyopethy, troponin|, QT dis-
persion, transmural QT dispersion

Introduction

Hypertrophic cardiomyopathy (HCM) is a heterogeneous
diseasewith respect to morphol ogy, pathophysiology, and ge-
netics. Recent advances in molecular genetics reveded that
HCM iscaused by mutationsin the genesencoding sarcomer-
ic proteins, such as3-myosin heavy chain, cardiactroponin T,
and cardiac troponin | (cTnl).1 Analyses of genotype-pheno-
type correlation revealed that phenotypic heterogeneity may
beduein part to genetic heterogeneity.: Onthe other hand, pa-
tients with HCM are at high risk for sudden cardiac desth
and/or malignant ventricular tachyarrhythmia (SCD/VT).2
M oreover, sudden cardiac death may bethefirst clinical man-
ifestation.3 Therefore, it is necessary to determine apredictor
of SCD/VT for each genotype.

QT variahility between leads on the surface el ectrocardio-
gram (ECG), defined as QT dispersion (QTD), isaproposed
marker for SCD/VT in patientswith HCM .4 In contrast, an-
other report found no significant association between QTD
and any risk factorsfor sudden cardiac desth in patientswith
HCM.® The association between QTD and SCD/VT in pa-
tientswith HCM remains controversid. On the other hand, a
recent study reports that transmura QTD is associated with
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ventricular tachyarrhythmia, and that the peak-to-end interval
of the T wave servesasanindex of transmurd disperson of re-
polarization.” Itisunclear what parameter onthesurface ECG
isassociated with transmural dispersion of wedge preparation
model. We hypothesize that the pesk-to-end interval of the T
wave in left precordia leads on the surface ECG may be a
good predictor of SCD/VT if it reflectsthetransmural disper-
sionof left ventricle(LV).

Wereported that patients of all ageswith HCM associated
with adeletion of lysine 183 (K183del) inthe cTnl gene had
sudden death;8 however, apredictor of SCD/VT in these pa-
tientsremainsunclear. Therefore, thisstudy was performed to
evaluate QT variablesin these patients and to investigate the
correlation between these QT variablesand SCD/VT.

Methods
Subjects

Ten unrelated probands with HCM associated with
K183del inthecTnl gene, identified by geneticandysisat the
Kanazawa University, were studied. Informed consent was
obtained fromd| subjects. After detection of the K 183dd mu-
tation in the cTnl gene (see below), ECG, echocardiogram,
and peripheral blood samples were obtained for analysis of
thismutation from asmany other family membersaspossible.
Moreover, subjectswith the mutation were eval uated for ven-
tricular tachycardia by 24-h Holter monitoring. Among the
10 pedigrees studied, 10 patients experienced sudden cardiac
death. Three of the 10 patients had ECGs recorded within 1
month of sudden death. Therefore, these three patientswere
included in this study as carriers of the mutation. Subjects
were excluded from this study according to the following
guidelines: young subjects < 18 years old; patients who had
atrid fibrillation; patientswith conduction disturbances;, mu-
tation carriers without Holter monitoring; and subjects with
inadequate ECG for evaluation of QT varigbles. Subjects
were divided into three Groups: Group A included mutation
carrierswith SCD or VT on Holter monitoring; Group B in-
cluded mutation carrierswithout SCD and VT on Holter mon-
itoring; and Group C cond sted of subjectswhowerenot carri-
ersof themutation.

Detection of Mutation

DNA wasisolated from periphera white blood cellsfrom
all subjects using a DNA Extractor 341 Nucleic Acid Puri-
fication System (Genepure™, PE Biosystems, Foster City,
Cdif., USA) In vitro amplification of genomic DNA was per-
formed viapolymerase chainreaction (PCR). Oligonuclectide
primers were used to amplify exon 7 of the cTnl gene asde-
scribed previoudly.® Single-strand conformational polymor-
phism (SSCP) analysisof amplified DNA wasthen performed
using aprevioudy described method, 0 with adight modifica-
tion. For abnormal SSCP patterns, PCR products were sub-
cloned into the pCR2.1 vector by using the TOPO TA cloning
kit (Invitrogen, Carlshad, Cdif., USA) The nucleotide se-

quence of the cloned PCR products was determined on both
strands by the dyeterminator cycle sequencing method using
an automated fluorescent sequencer (ABI Prism™ 310 Genetic
Analyzer, PE Biosystems). Family members of the affected
probandswereevaluated smilarly.

QT Interval Measurements

All 12-lead ECGswererecorded at 25 mm/swith standard
lead positions. All records were clearly magnified by 200%,
and QT interval swere measured. Electrocardiogram analyses
of the patientswith SCD were performed using thelast ECGs
recorded before death. To diminate both interobserver vari-
ability and bias, QT intervalswere measured using adigitizer
ineach of the 12 leadsby asingle observer whowasblinded to
al clinicd findings. QT intervalsweretakento befromtheon-
st of the QRS complex to the end of the T wave. Theend of
the T wave was defined as an intersecting point of atangent
lineonthetermina T waveand the T-Pbasdine. QT intervas
were corrected for heart rate using Bazett's formula: QTc =
QT/(RR)Y2, QTD wascal cul ated asthe difference between the
maximum QT (maxQT) and minimum QT (MinQT) intervals
measured on al 12 leads of the ECG, and corrected QTD
(QTDc) was cdculated as the difference between maxQTc
and minQTc. If the height or depth of the T wave was <1.5
mm, its lead was excluded from anaysis. A limit of six or
more leads per ECG was arbitrary and chosen to exclude
ECGsof inadequatetechnical quality from analysis. 1 More-
over, the pegk-to-end interval of the T wavedivided QT inter-
va in Vs lead was measured as new index (Tpe). Thismea
surement was performed using more than three consecutive
QRST records, and the average value was caculated. Intra-
observer variability in the measurements of QTD and Tpe
werecd culated by using 35 randomly sel ected and duplicated
ECGsfromadl subjects.

Echocar diogr aphic Examinations

Standard transthoracic M-mode and two-dimensiona
echocardiographic studies were performed to identify and
quantify morphologic features of theleft ventricle. Left ven-
tricular (LV) dimensions and the thicknesses of the septum
and posterior LV wall weremeasured at theleve of thetipsof
themitrd valvelesflets. Thefractiond shortening was calcu-
lated asthedifferencein end-diastolic and end-systolic dimen-
sionsdivided by the end-diastolic dimension.

Statigtical Analysis

Values are expressed as the mean + standard deviation
(SD). Differences between two groups were analyzed by
Student’ sunpaired t-test. Comparison among thethreegroups
was performed using aone-way andysis of variance (ANO-
VA) followed by Scheffe's method. Categorica data were
compared using chi-squareanalysis. Logistic regression anal-
ysis was performed using StatView 5.0 (Abacus Concepts,
Inc., Berkeley, Calif., USA). A pvalue of <0.05wasconsid-
ered Satigtically significant.
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Reaults
Clinical and Echocar diogr aphic Data

Group A consisted of 7 patients (3with SCD, 1 withahis
tory of sustained VT, and 3 with nonsustained VT on Holter
monitoring), Group B consisted of 16 patients, and Group
C consisted of 24 subjects. The clinicd characteristics and
echocardiographic data of the study subjects were summa-
rizedin Tablel. No patient had LV outflow tract gradient > 30
mmHg. No patient received amiodarone or sotalol therapy.

Electrocardiographic Analysis

Theresultsof QT analysisaresummarizedin Tablell. The
average absolute values of intraobserver variability of QTDc
and Tpewere 2 msand 0.006, respectively. ThemaxQTcin
GroupsA and B weresignificantly larger thanthosein Group
C, but therewasno difference between maxQTcin GroupsA
and B. TheminQTc did not differ among three groups. Cor-
rected QTD wassignificantly larger in Groups A and B than
in Group C. However, QT Dc did not differ between GroupsA
and B, asshownin Figure 1. Onthe contrary, Tpein Group A
wassignificantly larger thanin Groups B and C, asshownin
Figure2.

Logistic regression analysisrevedled that in QT variables
QTDc was not agood predictor, while Tpe was the best pre-
dictor for SCD/VT in these patients. Analysis of the relative
cumulative frequency of Tperevealed that Tpe of 0.196 was
the cutoff valuewith the grestest accuracy for detecting SCD/
VT inpatientswith HCM. Thesengitivity, specificity, and pos-

TaBLE | Basdinecharacterigtics

itiveand negetive predictivevaluesof Tpe>0.200for predict-
ing SCD/VT were 71, 75, 56, and 86%, respectively.

Discussion

Inthepresent study, wefound that patientswith HCM asso-
ciated with a K183del mutation in the cTnl gene had large
QTDc and Tpe, and that Tpein patients with SCD/VT was
larger thanthat in patientswithout SCD/VT.

QT Dispersion and Ventricular Tachyarrhythmia

Significantly prolonged maxQT and QTD values were
reported in patientswith HCM .3 10 QTD isthought to reflect
regiona heterogeneity of the ventricular repolarization, and
prolonged QTD correlates with the incidence of ventricular
tachyarrhythmias and sudden death in patientswith HCM .45
Onthecontrary, Yi et al 6 reported that no significant associa-
tion wasfound between QTD and any risk factorsfor sudden
death in patientswith HCM. The relation between QTD and
sudden deathin patientswith HCM remainsuncertain.

Recent studies have shown that HCM is caused by muta-
tionsin genesthat encode sarcomeric proteins. Moreover, stud-
ies regarding genotype-phenotype correlation revesled that
prognosisof HCM variesaccording to genotype. For example,
the Arg403GIn B-myosin heavy chain (BMHC) gene muta-
tionisassociated with ahigh incidence of sudden death, while
the Val908M et mutation is associated with abenign progno-
ss.12 Somemutationsin the cardiac troponin T geneare asso-
ciated withahighincidenceof sudden cardiac death,13 4 while
mutationsin the genefor myosin-binding protein C areassoci-

GroupA GroupB GroupC
(mutation carrier with SCD/VT) (mutation carrier without SCD/VT) (no mutation)
Number of cases 7 16 24
Mae (%) 4(57) 7(44) 13(54)
Age 50.6+14.6 43.8+16.6 441+£17.9
History of chest pain (%) 5(71)2 4(25) —
History of syncope (%) 2(29) 1(6) —
Echocardiogram
IVST (mm) 194+ 344 17.8+4.74 96+14
PWT (mm) 121+31¢ 10.8+1.6" 91+12
IVST/PWT 1.66+0.404 1.66+0.404 1.05+011
LAD (mm) 459+8.2d 39.3+7.2P 33.0+5.1
EDD (mm) 46.6+25 46.1+5.7 484+34
ESD (mm) 329+53 28351 30.8+3.7
FS(%) 20.7+82b 38.8+8.3 36.3+6.5
Medication
Betablocker (%) 1(14) 2(13) —
Caantagonist (%) 1(14) 5(31) —
Amiodaroneor sotdol 0 0 —

Vauesaremean + standard deviation unlessstated.

ap<0.05vs. Group B, ?p<0.05vs. Group C, ¢ p<0.01vs. Group C,9p<0.001 vs. Group C.
Abbreviations: SCD/VT = sudden cardiac desth and/or ventricular tachyarrhythmia, 1V ST = interventricular septal thickness, PWVT =eft ven-
tricular posterior wall thickness, LAD =|eft atrid dimension, EDD =|e&ft ventricular end-diastolic dimension, ESD = left ventricular end-systolic

dimension, FS=fractiona shortening, Ca=cacium.
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TaBLE Il Electrocardiographic data

GroupA GroupB GroupC
(mutation carrier with SCD/VT) (mutation carrier without SCD/V/T) (no mutation)
RR (ms) 925+ 216 934+ 145 898+ 128
maxQT (ms) 430+61b 426+50¢ 380+29
minQT (ms) 377+56 37247 345+28
QTD (m9) 53+19b 54+ 194 34+11
maxQTc 450+ 42¢ 442+ 37°¢ 401+25
minQTc 394+28 386+ 37 36421
QTDc 56+ 220 56+20¢ 37+12
Tpe 0.233+0.0472¢ 0.173+0.034 0.185+0.018

Vauesaremean + standard deviation.

ap<0.001vs. GroupB,Pp<0.05vs. Group C, ¢ p<0.01vs. Group C,4p<0.001vs. Group C.
Abbreviations: SCD/VT = sudden cardiac death and/or ventricular tachyarrhythmia, maxQT = maximum QT interval, minQT =minimum QT in-
terval, QTD = QT dispersion, maxQTc = corrected maximum QT interva, minQTc = corrected minimum QT interval, QTDc = corrected QT dis-

persion, Tpe=pesak-to-endinterva of T wavedivided QT interval inVs.

ated with arelatively favorable prognosis.1> 16 These reports
suggest that different genotypes are associated with different
ECG findings, especidly regarding QTD. Accordingly, it is
necessary toinvestigatethe correl ation between QTD and sud-
den deathin each genotype. Thisisthefirst report regarding the
correlation between QTD and SCD/VT in patientswith HCM
associated with a K183del mutation in the cTnl gene. Inthis
study, QTD did not differ between GroupsA and B. Thisresult
suggests that QTD may not be useful as a predictor of SCD/
VT in patients with the K183del mutation in cTnl gene. Re-
garding other gene mutations, it has been reported that QTD
did not correlate with arrhythmia inducibility in mice with
HCM resulting from amutation in the B-myosin heavy chain
gene(Arg403GIn).1” Regiona variahility intherepolarization
may not play an important role for occurrence of malignant
ventricular tachyarrhythmiain patients with these mutations.
Using another method, Atigaet al.18 reported that QT variabil-
ity index washigher in patientswithHCM thanin controls, and
that it was greatest in patients with the Arg403GIn mutation.
Further investigation will be necessary to establishthecorrda-
tion between QTD and arrhythmic eventsin patientswith oth-
er genemutations.
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Fic.1 Comparison of corrected QT dispersion (QTDc) among the
threegroups. NS= not significant.

Peak-to-End Interval of T Waveand Ventricular
Tachyarrhythmia

Thisstudy revealed that Tpein patientswith SCD/VT was
significantly longer than that in patients without SCD/VT.
Antzelevitch et al.”- 19 recently reported theinteresting finding
that transmura QTD is associated with ventricular tach-
yarrhythmias and transmural QTD is reflected in the pesak-
to-endinterval of the T wave. Itisunclear how much Tpeina
human model may reflect the transmura QTD in an experi-
mental model, and that transmurad QTD is associated with
ventricular tachyarrhythmias in humans. However, we hy-
pothesized that the pesk-to-end interval of the T wave may be
auseful predictor of SCD/VT if V16 leadsreflect an electrical
phenomenonin each region and the pesk-to-endintervd of the
T wavereflectstransmural QTD of theleft ventricle near the
electrode. After consideration of the effect of heart rate vari-
ability, we used theindex of the peak-to-end interval of the T
wavedivided by the QT interval in the samelead. Thisstudy
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Fic.2 Comparison of peak-to-end interval of T wave, divided by
the QT interval in Vs lead, (Tpe) among the three groups. NS = not
significant.
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demonstrated that Tpe correlates with SCD/VT in patients
with HCM associated with a K183del mutation in the cTnl
gene, and that it may be useful asa predictor of SCD/VT in
these patients. These results also suggest the possibility that
ventricular tachyarrhythmiain patientswith HCM associated
with the K183del mutation in cTnl gene may be associated
with transmural QTD rather than regional QTD; however, an
overlgpisfoundin Tpein patientswith and without SCD/VT.
Possible reasons may include not only transmural dispersion
but also other causesthat take partin SCD/VT. Inaddition, one
Holter monitoring cannot catch al ventricular tachycardia.
Although these points are unclear, this study suggeststhat pa-
tientswith HCM and Tpe> 0.200 werefollowed closdly. Fur-
ther investigation of the correl ation between Tpeand transmu-
ral QT dispersion will be required. Moreover, the usefulness
of theindex, Tpe, for apredictor of SCD/VT in patientswith
HCM associated with other mutation should bea so studied.

Study Limitations

In this study, we measured the QT interva and T-wave
peak-to-end interval manualy sincewedid not have an auto-
mated measurement system for these variables. However, the
manua measurement did not have a significant effect on our
resultsas shown by thesmall intraobserver variability.

Our study excluded patientsunder 18 yearsold for thefol-
lowing reasons: (1) there were few young patients with the
mutation who a so had Holter monitoring, and (2) differences
inwall thickness and heart size between young patients and
adult patients may affect QT variables. However, SCD was
found not only in adult patientsbut alsoin young patientswith
thismutation.® Therefore, the usefulness of Tpe asapredictor
for SCD/VT should beeva uated in young patientswith K183
del mutationin cTnl geneinthefuture.

In this study, the numbers of patients in all three groups
were small because they were necessarily restricted to those
with K183del mutationsinthecTnl gene. Moreover, thecon-
fidenceintervasarewide. Additional studiesincludinglarger
samplesarenecessary to confirm and clarify our results.

Conclusions

In family members of patientswith HCM associated with
thecTnl mutation, QTD did not differ between mutation carri-
erswith and without SCD/VT. Onthe contrary, Tpein muta-
tion carriers with SCD/VT was significantly longer than in
thosewithout SCD/VT. The Tpe may beabetter clinical pre-
dictor for SCD/VT in patientswith HCM associated with the
cTnl mutationthan QTD.
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