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Summary

Background: Patients with hypertrophic cardiomyopathy
(HCM) associated with a deletion of lysine 183 (K183del) in
the cardiac troponin I (cTnI) gene suffer sudden cardiac death
at all ages. However, the correlation between QT variables and
sudden cardiac death in these patients remains uncertain.

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

Methods: We analyzed 10 probands with HCM associated
with the cTnI gene K183del and their family members. The
subjects were divided into three groups: Group A (n = 7), mu-
tation carriers with SCD/VT; Group B (n = 16), mutation car-
riers without SCD/VT; Group C (n = 24), no mutation carriers.
QT intervals were corrected using Bazett’s formula.

Results: Maximum QTc and corrected QT dispersion were
significantly longer in Groups A and B than in Group C.
However, there were no differences in either parameter be-

tween Groups A and B. On the contrary, the peak-to-end inter-
val of T wave/QT interval in V5 (Tpe) in Group A was signifi-
cantly longer than that in Groups B and C. Logistic regression
analysis revealed that Tpe was a good clinical predictor for
SCD/VT in patients with HCM in this study.

Conclusions: These results suggest that Tpe rather than QT
dispersion may be one of the best predictors for SCD/VT in
patients with HCM associated with the K183del mutation in
the cTnI gene.
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Introduction

Hypertrophic cardiomyopathy (HCM) is a heterogeneous
disease with respect to morphology, pathophysiology, and ge-
netics. Recent advances in molecular genetics revealed that
HCM is caused by mutations in the genes encoding sarcomer-
ic proteins, such as �-myosin heavy chain, cardiac troponin T,
and cardiac troponin I (cTnI).1 Analyses of genotype-pheno-
type correlation revealed that phenotypic heterogeneity may
be due in part to genetic heterogeneity.1 On the other hand, pa-
tients with HCM are at high risk for sudden cardiac death
and/or malignant ventricular tachyarrhythmia (SCD/VT).2

Moreover, sudden cardiac death may be the first clinical man-
ifestation.3 Therefore, it is necessary to determine a predictor
of SCD/VT for each genotype.

QT variability between leads on the surface electrocardio-
gram (ECG), defined as QT dispersion (QTD), is a proposed
marker for SCD/VT in patients with HCM.4, 5 In contrast, an-
other report found no significant association between QTD
and any risk factors for sudden cardiac death in patients with
HCM.6 The association between QTD and SCD/VT in pa-
tients with HCM remains controversial. On the other hand, a
recent study reports that transmural QTD is associated with
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ventricular tachyarrhythmia, and that the peak-to-end interval
of the T wave serves as an index of transmural dispersion of re-
polarization.7 It is unclear what parameter on the surface ECG
is associated with transmural dispersion of wedge preparation
model. We hypothesize that the peak-to-end interval of the T
wave in left precordial leads on the surface ECG may be a
good predictor of SCD/VT if it reflects the transmural disper-
sion of left ventricle (LV).

We reported that patients of all ages with HCM associated
with a deletion of lysine 183 (K183del) in the cTnI gene had
sudden death;8 however, a predictor of SCD/VT in these pa-
tients remains unclear. Therefore, this study was performed to
evaluate QT variables in these patients and to investigate the
correlation between these QT variables and SCD/VT.

Methods

Subjects

Ten unrelated probands with HCM associated with
K183del in the cTnI gene, identified by genetic analysis at the
Kanazawa University, were studied. Informed consent was
obtained from all subjects. After detection of the K183del mu-
tation in the cTnI gene (see below), ECG, echocardiogram,
and peripheral blood samples were obtained for analysis of
this mutation from as many other family members as possible.
Moreover, subjects with the mutation were evaluated 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 patients were
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
atrial fibrillation; patients with conduction disturbances; mu-
tation carriers without Holter monitoring; and subjects with
inadequate ECG for evaluation of QT variables. Subjects
were divided into three Groups: Group A included mutation
carriers with SCD or VT on Holter monitoring; Group B in-
cluded mutation carriers without SCD and VT on Holter mon-
itoring; and Group C consisted of subjects who were not carri-
ers of the mutation.

Detection of Mutation

DNA was isolated from peripheral white blood cells from
all subjects using a DNA Extractor 341 Nucleic Acid Puri-
fication System (Genepure™, PE Biosystems, Foster City,
Calif., USA) In vitro amplification of genomic DNA was per-
formed via polymerase chain reaction (PCR). Oligonucleotide
primers were used to amplify exon 7 of the cTnI gene as de-
scribed previously.9 Single-strand conformational polymor-
phism (SSCP) analysis of amplified DNA was then performed
using a previously described method,10 with a slight modifica-
tion. For abnormal SSCP patterns, PCR products were sub-
cloned into the pCR2.1 vector by using the TOPO TA cloning
kit (Invitrogen, Carlsbad, Calif., USA) The nucleotide se-

quence of the cloned PCR products was determined on both
strands by the dye terminator cycle sequencing method using
an automated fluorescent sequencer (ABI Prism™ 310 Genetic
Analyzer, PE Biosystems). Family members of the affected
probands were evaluated similarly.

QT Interval Measurements

All 12-lead ECGs were recorded at 25 mm/s with standard
lead positions. All records were clearly magnified by 200%,
and QT intervals were measured. Electrocardiogram analyses
of the patients with SCD were performed using the last ECGs
recorded before death. To eliminate both interobserver vari-
ability and bias, QT intervals were measured using a digitizer
in each of the 12 leads by a single observer who was blinded to
all clinical findings. QT intervals were taken to be from the on-
set of the QRS complex to the end of the T wave. The end of
the T wave was defined as an intersecting point of a tangent
line on the terminal T wave and the T-P baseline. QT intervals
were corrected for heart rate using Bazett’s formula: QTc =
QT/(RR)1/2. QTD was calculated as the difference between the
maximum QT (maxQT) and minimum QT (minQT) intervals
measured on all 12 leads of the ECG, and corrected QTD
(QTDc) was calculated 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 analysis. A limit of six or
more leads per ECG was arbitrary and chosen to exclude
ECGs of inadequate technical quality from analysis.11 More-
over, the peak-to-end interval of the T wave divided QT inter-
val in V5 lead was measured as new index (Tpe). This mea-
surement was performed using more than three consecutive
QRST records, and the average value was calculated. Intra-
observer variability in the measurements of QTD and Tpe
were calculated by using 35 randomly selected and duplicated
ECGs from all subjects.

Echocardiographic Examinations

Standard transthoracic M-mode and two-dimensional
echocardiographic studies were performed to identify and
quantify morphologic features of the left ventricle. Left ven-
tricular (LV) dimensions and the thicknesses of the septum
and posterior LV wall were measured at the level of the tips of
the mitral valve leaflets. The fractional shortening was calcu-
lated as the difference in end-diastolic and end-systolic dimen-
sions divided by the end-diastolic dimension.

Statistical Analysis

Values are expressed as the mean ± standard deviation
(SD). Differences between two groups were analyzed by
Student’s unpaired t-test. Comparison among the three groups
was performed using a one-way analysis of variance (ANO-
VA) followed by Scheffe’s method. Categorical data were
compared using chi-square analysis. Logistic regression anal-
ysis was performed using StatView 5.0 (Abacus Concepts,
Inc., Berkeley, Calif., USA). A p value of < 0.05 was consid-
ered statistically significant.
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Results

Clinical and Echocardiographic Data

Group A consisted of 7 patients (3 with SCD, 1 with a his-
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 clinical characteristics and
echocardiographic data of the study subjects were summa-
rized in Table I. No patient had LV outflow tract gradient > 30
mmHg. No patient received amiodarone or sotalol therapy.

Electrocardiographic Analysis

The results of QT analysis are summarized in Table II. The
average absolute values of intraobserver variability of QTDc
and Tpe were 2 ms and 0.006, respectively. The maxQTc in
Groups A and B were significantly larger than those in Group
C, but there was no difference between maxQTc in Groups A
and B. The minQTc did not differ among three groups. Cor-
rected QTD was significantly larger in Groups A and B than
in Group C. However, QTDc did not differ between Groups A
and B, as shown in Figure 1. On the contrary, Tpe in Group A
was significantly larger than in Groups B and C, as shown in
Figure 2.

Logistic regression analysis revealed that in QT variables
QTDc was not a good predictor, while Tpe was the best pre-
dictor for SCD/VT in these patients. Analysis of the relative
cumulative frequency of Tpe revealed that Tpe of 0.196 was
the cutoff value with the greatest accuracy for detecting SCD/
VT in patients with HCM. The sensitivity, specificity, and pos-

itive and negative predictive values of Tpe >0.200 for predict-
ing SCD/VT were 71, 75, 56, and 86%, respectively.

Discussion

In the present study, we found that patients with HCM asso-
ciated with a K183del mutation in the cTnI gene had large
QTDc and Tpe, and that Tpe in patients with SCD/VT was
larger than that in patients without SCD/VT.

QT Dispersion and Ventricular Tachyarrhythmia

Significantly prolonged maxQT and QTD values were 
reported in patients with HCM.3, 10 QTD is thought to reflect
regional heterogeneity of the ventricular repolarization, and
prolonged QTD correlates with the incidence of ventricular
tachyarrhythmias and sudden death in patients with HCM.4, 5

On the contrary, Yi et al.6 reported that no significant associa-
tion was found between QTD and any risk factors for sudden
death in patients with HCM. The relation between QTD and
sudden death in patients with HCM remains uncertain.

Recent studies have shown that HCM is caused by muta-
tions in genes that encode sarcomeric proteins. Moreover, stud-
ies regarding genotype-phenotype correlation revealed that
prognosis of HCM varies according to genotype. For example,
the Arg403Gln �-myosin heavy chain (�MHC) gene muta-
tion is associated with a high incidence of sudden death, while
the Val908Met mutation is associated with a benign progno-
sis.12 Some mutations in the cardiac troponin T gene are asso-
ciated with a high incidence of sudden cardiac death,13, 14 while
mutations in the gene for myosin-binding protein C are associ-
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TABLE I Baseline characteristics 

Group A Group B Group C
(mutation carrier with SCD/VT) (mutation carrier without SCD/VT) (no mutation)

Number of cases 7 16 24
Male (%) 4 (57) 7 (44) 13 (54)
Age 50.6 ± 14.6 43.8 ± 16.6 44.1 ± 17.9
History of chest pain (%) 5 (71) a 4 (25) —
History of syncope (%) 2 (29) 1 (6) —
Echocardiogram
IVST (mm) 19.4 ± 3.4 d 17.8 ± 4.7 d 9.6 ± 1.4
PWT (mm) 12.1 ± 3.1 c 10.8 ± 1.6 b 9.1 ± 1.2
IVST/PWT 1.66 ± 0.40 d 1.66 ± 0.40 d 1.05 ± 0.11
LAD (mm) 45.9 ± 8.2 d 39.3 ± 7.2 b 33.0 ± 5.1
EDD (mm) 46.6 ± 2.5 46.1 ± 5.7 48.4 ± 3.4
ESD (mm) 32.9 ± 5.3 28.3 ± 5.1 30.8 ± 3.7
FS (%) 29.7 ± 8.2 b 38.8 ± 8.3 36.3 ± 6.5

Medication
Beta blocker (%) 1 (14) 2 (13) —
Ca antagonist (%) 1 (14) 5 (31) —
Amiodarone or sotalol 0 0 —

Values are mean ± standard deviation unless stated. 
a p<0.05 vs. Group B, b p<0.05 vs. Group C, c p<0.01 vs. Group C, d p< 0.001 vs. Group C.
Abbreviations: SCD/VT = sudden cardiac death and/or ventricular tachyarrhythmia, IVST = interventricular septal thickness, PWT = left ven-
tricular posterior wall thickness, LAD = left atrial dimension, EDD = left ventricular end-diastolic dimension, ESD = left ventricular end-systolic
dimension, FS = fractional shortening, Ca = calcium.
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ated with a relatively favorable prognosis.15, 16 These reports
suggest that different genotypes are associated with different
ECG findings, especially regarding QTD. Accordingly, it is
necessary to investigate the correlation between QTD and sud-
den death in each genotype. This is the first report regarding the
correlation between QTD and SCD/VT in patients with HCM
associated with a K183del mutation in the cTnI gene. In this
study, QTD did not differ between Groups A and B. This result
suggests that QTD may not be useful as a predictor of SCD/
VT in patients with the K183del mutation in cTnI gene. Re-
garding other gene mutations, it has been reported that QTD
did not correlate with arrhythmia inducibility in mice with
HCM resulting from a mutation in the �-myosin heavy chain
gene (Arg403Gln).17 Regional variability in the repolarization
may not play an important role for occurrence of malignant
ventricular tachyarrhythmia in patients with these mutations.
Using another method, Atiga et al.18 reported that QT variabil-
ity index was higher in patients with HCM than in controls, and
that it was greatest in patients with the Arg403Gln mutation.
Further investigation will be necessary to establish the correla-
tion between QTD and arrhythmic events in patients with oth-
er gene mutations.

Peak-to-End Interval of T Wave and Ventricular
Tachyarrhythmia

This study revealed that Tpe in patients with SCD/VT was
significantly longer than that in patients without SCD/VT.
Antzelevitch et al.7, 19 recently reported the interesting finding
that transmural QTD is associated with ventricular tach-
yarrhythmias and transmural QTD is reflected in the peak-
to-end interval of the T wave. It is unclear how much Tpe in a
human model may reflect the transmural QTD in an experi-
mental model, and that transmural QTD is associated with
ventricular tachyarrhythmias in humans. However, we hy-
pothesized that the peak-to-end interval of the T wave may be
a useful predictor of SCD/VT if V1–6 leads reflect an electrical
phenomenon in each region and the peak-to-end interval of the
T wave reflects transmural QTD of the left ventricle near the
electrode. After consideration of the effect of heart rate vari-
ability, we used the index of the peak-to-end interval of the T
wave divided by the QT interval in the same lead. This study
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TABLE II Electrocardiographic data

Group A Group B Group C
(mutation carrier with SCD/VT) (mutation carrier without SCD/VT) (no mutation)

RR (ms) 925 ± 216 934 ± 145 898 ± 128
maxQT (ms) 430 ± 61 b 426 ± 50 c 380 ± 29
minQT (ms) 377 ± 56 372 ± 47 345 ± 28
QTD (ms) 53 ± 19 b 54 ± 19 d 34 ± 11
maxQTc 450 ± 42 c 442 ± 37 c 401 ± 25
minQTc 394 ± 28 386 ± 37 364 ± 21
QTDc 56 ± 22 b 56 ± 20 c 37 ± 12
Tpe 0.233 ± 0.047 a, c 0.173 ± 0.034 0.185 ± 0.018

Values are mean ± standard deviation. 
a p<0.001 vs. Group B, b p<0.05 vs. Group C, c p<0.01 vs. Group C, d p< 0.001 vs. 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 interval, minQTc = corrected minimum QT interval, QTDc = corrected QT dis-
persion, Tpe = peak-to-end interval of T wave divided QT interval in V5.

FIG. 1 Comparison of corrected QT dispersion (QTDc) among the
three groups. NS = not significant.

Group A Group B Group C
0

50

p = 0.0326
NS p = 0.0030

100

QTDc

FIG. 2 Comparison of peak-to-end interval of T wave, divided by
the QT interval in V5 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 cTnI
gene, and that it may be useful as a predictor of SCD/VT in
these patients. These results also suggest the possibility that
ventricular tachyarrhythmia in patients with HCM associated
with the K183del mutation in cTnI gene may be associated
with transmural QTD rather than regional QTD; however, an
overlap is found in Tpe in patients with and without SCD/VT.
Possible reasons may include not only transmural dispersion
but also other causes that take part in SCD/VT. In addition, one
Holter monitoring cannot catch all ventricular tachycardia.
Although these points are unclear, this study suggests that pa-
tients with HCM and Tpe > 0.200 were followed closely. Fur-
ther investigation of the correlation between Tpe and transmu-
ral QT dispersion will be required. Moreover, the usefulness 
of the index, Tpe, for a predictor of SCD/VT in patients with
HCM associated with other mutation should be also studied.

Study Limitations

In this study, we measured the QT interval and T-wave
peak-to-end interval manually since we did not have an auto-
mated measurement system for these variables. However, the
manual measurement did not have a significant effect on our
results as shown by the small intraobserver variability.

Our study excluded patients under 18 years old for the fol-
lowing reasons: (1) there were few young patients with the
mutation who also had Holter monitoring, and (2) differences
in wall thickness and heart size between young patients and
adult patients may affect QT variables. However, SCD was
found not only in adult patients but also in young patients with
this mutation.8 Therefore, the usefulness of Tpe as a predictor
for SCD/VT should be evaluated in young patients with K183
del mutation in cTnI gene in the future.

In this study, the numbers of patients in all three groups
were small because they were necessarily restricted to those
with K183del mutations in the cTnI gene. Moreover, the con-
fidence intervals are wide. Additional studies including larger
samples are necessary to confirm and clarify our results.

Conclusions

In family members of patients with HCM associated with
the cTnI mutation, QTD did not differ between mutation carri-
ers with and without SCD/VT. On the contrary, Tpe in muta-
tion carriers with SCD/VT was significantly longer than in
those without SCD/VT. The Tpe may be a better clinical pre-
dictor for SCD/VT in patients with HCM associated with the
cTnI mutation than QTD.

References

1. Redwood CS, Moolman-Smook JC, Watkins H: Properties of mu-
tant contractile proteins that cause hypertrophic cardiomyopathy.
Cardiovasc Res 1999;44:20–36

2. Maron BJ, Olivotto I, Spirito P, Casey SA, Bellone P, Gohman TE,
Graham KJ, Burton DA, Cecchi F: Epidemiology of hypertrophic

cardiomyopathy-related death. Revisited in a large non-referral-
based patient population. Circulation 2000;102:858–864

3. Maron BJ, Roberts WC, Edwards JE, McAllister HA, Foley DD,
Epstein SE: Sudden death in patients with hypertrophic cardiomy-
opathy: Characterization of 26 patients without functional limita-
tion. Am J Cardiol 1978;41:803–810

4. Buja G, Miorelli M, Turrini P, Melacini P, Nava A: Comparison of
QT dispersion in hypertrophic cardiomyopathy between patients
with and without ventricular arrhythmias and sudden death. Am J
Cardiol 1993;72:973–976

5. Yetman AT, Hamilton RM, Benson LN, McCrindle BW: Long-
term outcome and prognostic determinants in children with hyper-
trophic cardiomyopathy. J Am Coll Cardiol 1998;32:1943–1950

6. Yi G, Elliott P, McKenna WJ, Prasad K, Sharma S, Guo XH,
Camm AJ, Malik M: QT dispersion and risk factors for sudden car-
diac death in patients with hypertrophic cardiomyopathy. Am J
Cardiol 1998;82:1514–1519

7. Yan GX, Antzelevitch C: Cellular basis for the normal T wave and
the electrocardiographic manifestations of the long-QT syndrome.
Circulation 1998;98:1928–1936

8. Kokado H, Shimizu M, Yoshio H, Ino H, Okeie K, Emoto Y,
Matsuyama T, Yamaguchi M, Yasuda T, Fujino N, Ito H, Mabuchi
H: Clinical features of hypertrophic cardiomyopathy caused by a
Lys183 deletion mutation in the cardiac troponin I gene. Circula-
tion 2000;102:663–669

9. Kimura A, Harada H, Park J-E, Nishi H, Satoh M, Takahashi M,
Hiroi S, Sasaoka T, Ohbuchi N, Nakamura T, Koyanagi T, Hwang
T-H, Choo J-A, Chung K-S, Hasagawa A, Nagai R, Okazaki O,
Nakamura H, Matsuzaki M, Sakamoto T, Toshima H, Koga Y,
Imaizumi T, Sasazuki T: Mutations in the cardiac troponin I gene
associated with hypertrophic cardiomyopathy. Nat Genet 1997;
16:379–382

10. Orita M, Suzuki Y, Sekiya T, Hayashi K: Rapid and sensitive detec-
tion of point mutations and DNA polymorphisms using the poly-
merase chain reaction. Genomics 1989;5:874–879

11. Dritsas A, Sbarouni E, Gilligan D, Nihoyannopoulos P, Oakley
CM: QT-interval abnormalities in hypertrophic cardiomyopathy.
Clin Cardiol 1992;15:739–742

12. Fananapazir L, Epstein ND: Genotype-phenotype correlations in
hypertrophic cardiomyopathy. Insights provided by comparisons of
kindreds with distinct and identical ß-myosin heavy chain gene mu-
tations. Circulation 1994;89:22–32

13. Watkins H, McKenna WJ, Thierfelder L, Suk HJ, Anan R,
O’Donoghue A, Spirito P, Matsumori A, Moravec CS, Seidman
JG, Seidman CE: Mutations in the genes for cardiac troponin T and
�-tropomyosin in hypertrophic cardiomyopathy. N Engl J Med
1995;332:1058–1064

14. Moolman JC, Corfield VA, Posen B, Ngumbela K, Seidman C,
Brink PA, Watkins H: Sudden death due to troponin T mutations. 
J Am Coll Cardiol 1997;29:549–555

15. Charron P, Dubourg O, Desnos M, Bennaceur M, Carrier L,
Camproux AC, Isnard R, Hagege A, Langlard JM, Bonne G, Rich-
ard P, Hainque B, Bouhour JB, Schwartz K, Komajda M: Clinical
features and prognostic implications of familial hypertrophic car-
diomyopathy related to the cardiac myosin-binding protein C gene.
Circulation 1998;97:2230–2236

16. Niimura H, Bachinski LL, Sangwatanaroj S, Watkins H, Chudley
AE, McKenna W, Kristinsson A, Roberts R, Sole M, Maron BJ,
Seidman JG, Seidman CE: Mutations in the gene for cardiac
myosin-binding protein C and late-onset familial hypertrophic car-
diomyopathy. N Engl J Med 1998;338:1248–1257

17. Bevilacqua LM, Maguire CT, Seidman JG, Seidman CE, Berul CI:
QT dispersion in �-myosin heavy-chain familial hypertrophic car-
diomyopathy mice. Pediatr Res 1999;45:643–647

18. Atiga WL, Fananapazir L, McAreavey D, Calkins H, Berger RD:
Temporal repolarization lability in hypertrophic cardiomyopathy
caused by �-myosin heavy-chain gene mutations. Circulation
2000;101:1237–1242

19. Antzelevitch C, Shimizu W, Yan GX, Sicouri S: Cellular basis for
QT dispersion. J Electrocardiol 1998;30(suppl):168–175

339


