Tissue Doppler Imaging combined with advanced 12-lead ECG
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Introduction:
Optimizing the early diagnosis of childhood hypertrophic
cardiomyopathy (HCM) is essential for lowering the risk of
HCM-related complications. However, use of standard
echocardiography (ECHO) for diagnosis of HCM has been
shown to be less sensitive in children than adults, and
conventional resting 12-lead ECG is also usually normal in
the early stages of HCM. Newer advanced electrocardiograms
(A-ECGs) might therefore aid the earlier diagnosis of HCM,
especially through their assessment of the spatial QRS-T
angle, a parameter that has been suggested to be highly
sensitive for HCM in adults and that can be derived from 12to-Frank-lead transformations in software. Recent studies for
example have shown that spatial QRS-T angles derived from
standard 12-lead ECG recordings by using Kors´ regression
coefficients are statistically equivalent to those derived from
simultaneous true Frank XYZ -lead recordings.
In this study, we sought to assess whether spatial QRS-T
angle and myocardial Tissue Doppler Imaging (TDI) could aid
the early diagnosis of HCM in childhood.

Results:
Spatial mean QRS-T angle by Kors´ regression transformation
(Figure/ Panel A) and septal E/Ea ratio (Figure/Panel B) were
most increased in HCM group as compared to the HCM-risk
and control groups (p<0.05). Of note, these 2 variables
showed a trend toward higher levels in the HCM-risk group
than in control group (p=0.05 for E/Ea and 0.06 for QRS/T by
ANOVA).
In a logistic regression model, increased SA and septal E/Ea
ratio appeared to significantly predict both the disease (Chisquare in HCM group: 9 and 5, respectively, p<0.05 for both)
and the state of being at risk for the disease (Chi-square in
HCM-risk group: 5 and 4 respectively, p<0.05 for both), with
further increased predictability level when these 2 variables
were combined (Chi-square 10 in HCM group, and 7 in HCMrisk group, p<0.01 for both).

Study population:
HCM: Children and adolescents with familial HCM (n=10,
median age 16, range 5-27 years, phenotype positive by
ECHO and ECG, heredity for HCM; genopositive for HCM
n=8/10),
HCM-Risk: Children and adolescents at risk for HCM, without
obvious hypertrophy but combined with heredity for HCM
(n=12, median age 16, range 4-25 years, HCM or sudden
death autopsy-verified HCM in ≥1 first-degree relative)
Controls: Healthy age-matched volunteers (n=21, no cardiac
symptoms and no history of cardiac disease)
Methods:
All participants responded to a questionnaire and underwent
routine physical examination. They were also investigated by
routine ECHO (Philips iE33) TDI and 5-minute ECG sampling
for advanced 12-lead ECG (A-ECG) analysis. The latter was
done by using Cardiax® (IMED Co Ltd, Budapest, Hungary)
and CardioSoft® (Houston, Texas, USA).
Spatial mean QRS-T angle (SA) was derived from the 12-lead
ECG by using Kors´
regression
transformation.
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The purpose of the present study was to determine whether
TD can predict the risk of VT, cardiac arrest or death, and
development of cardiac symptoms in addition to exercise
capacity in children with HCM.

Methods
We prospectively studied consecutive pediatric patients with HCM at
Texas Children’s Hospital between January 1999 and August 2003.
Exclusion criteria included patients with congenital heart lesions,
systemic hypertension, metabolic disorders, or genetic syndromes
and patients who underwent previous surgical myectomy. Eighty-six
children with HCM were diagnosed with or followed up with HCM
during the study period. Six patients were excluded because of poor
echocardiographic windows or incomplete acquisition of study data.
Excluded patients were of similar age and gender and had similar 2D
® (IMED
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as study
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were indexed to body surface area.19,20 Mitral inflow Doppler was
measured in standard fashion to determine peak E- and A-wave
Study End Points
velocities, deceleration time of the transmitral E wave, and isovoluThe primary end point of the study was defined as patients who died,
mic contraction and relaxation times.13 Pulmonary venous inflow
experienced a cardiac arrest, or had documented VT, either sustained
Doppler patterns were analyzed to determine the peak velocities of
or nonsustained. Sustained VT was defined as lasting longer than 30
the systolic, diastolic, and atrial reversal waves.13 The Tei index,
seconds. The secondary end point was defined as patients who
defined as the sum of isovolumic contraction and relaxation times
developed significant cardiac symptoms, including chest pain on
divided by LV ejection time, was calculated as reported
exertion, syncope, dyspnea, or exercise intolerance.
previously.20a Systolic (Sa), early diastolic (Ea), and late diastolic
(Aa) TD velocities were measured at the lateral mitral, septal, and
Patient Analysis
lateral tricuspid walls and subsequently averaged over 3 cardiac
Demographic data that included age at diagnosis, gender, presence of
cycles in accordance with previous reports (Figure 1).12–14 Transmia positive family history, and medical therapy were collected.
tral E/Ea ratios (lateral and septal) were calculated for each patient.
Patients were questioned about whether they had experienced any of
the defined symptoms. New York Heart Association (NYHA)
Statistical Analysis
classification was recorded for each patient at the start and end of the
Statistical analysis was performed with SSPS Sigma Stat statistical
study. Twenty-four-hour Holter monitors were reviewed to determine the incidence of significant arrhythmia, defined as VT. ECGs
software (SPSS for Windows version 3.0, SPSS Inc). Data are
were reviewed and abnormalities documented; QRS and QTc duraexpressed as mean!SD or median (25th to 75th percentile) based on
tion were measured. Dyssynchronous ventricular activation was
whether they have a normal distribution or not. Forward stepwise
defined on the ECG by the presence of intraventricular conduction
regression was performed to determine predictors of the primary and
delay or left bundle-branch block.18 Exercise capacity was detersecondary end points. A probability value "0.05 was required for
mined with a ramp protocol (Bruce or modified Bruce protocol).
retention within the final stepwise regression model. Statistical
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Conclusions:
In this small pilot study, Tissue Doppler Imaging and spatial mean QRS-T angle, particularly when combined,
appear to be sensitive in predicting both HCM and HCM-risk in children. Large-scale prospective studies are needed to
confirm these initial findings.

Correspondence; eva.fernlund@skane.se

