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Results

LQTS Controls p-value

Age, years 12 (11-14) 0.985

Female, n 8 (33) 8 (33) 0.153

RR-12ECG, ms 959 (915-1003) 845 (811-879) 0.022

QT-12ECG, ms 414 (403-525) 356 (349-363) <0.001

QTc-12ECG, ms 426 (420-433) 390 (387-393) <0.001

CD, ms 417 (407-427) 382 (372-391) 0.008

CL, ms 961 (918-1005) 881 (841-921) 0.109

RR-3ECG, ms 957 (913-1000) 883 (843-923)- 0.145
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Conclusion
Myocardial CD assessed by cTDI was prolonged in LQTS children, and reliably associates with QT interval. 
Measuring the CD in fetuses seems feasible, and a prolonged CD is a potential marker for the prenatal diagnosis of LQTS.
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Diagnosing fetal Long-QT syndrome (LQTS) is hampered by the 
unavailability of an ECG and invasiveness of DNA analysis. 

We therefore aimed to develop and validate a novel diagnostic approach in 
children using color Tissue Doppler Imaging (cTDI) in order to provide a 
potential marker for LQTS in fetuses.

Study Population
This cross-sectional study included 24 genotype-positive LQTS children 
≤18 years and age- and gender-matched controls. LQTS was diagnosed 
based on a confirmed pathogenic mutation detected using conventional 
methods. Controls were referred for cardiac screening and a normal heart 
was confirmed after a clinical examination, ECG and echocardiography. 
All cases were included during a regular follow-up visit and all controls 
during a screenings-visit at the outpatient clinic of our hospital.

Data collection
A 12-lead ECG and echocardiogram were obtained in all subjects. 

The ECG was made either before or after echocardiography. QT intervals 
(QT-12ECG), and preceding RR intervals (RR-12ECG) were measured 
and the QTc interval (QTc-12ECG) was calculated using Bazett’s correction 
formula.

A two-dimensional guided cTDI recording was obtained with a framerate of  
≥95 frames per second from an apical four chamber view and analysed 
using commercially offline available software [Q-Analysis, EchoPac®, GE] 
averaging three cycles with the cursor on the basal interventricular septum 
assessing the contraction duration (CD) and cycle length (CL) blinded for 
subjects characteristics and 3-lead ECG tracing throughout the cTDI 
procedure [Figure 1].

The CD and CL were measured by two observers independently to obtain 
inter-observer validity and one of the observers repeated the measure-
ments for assessing the intra-observer validity. 
In addition, the RR intervals on the 3-lead ECG recorded throughout the 
cTDI procedure were collected (RR-3ECG). Receiver-operating 
characteristic curves were constructed to determine the sensitivity and 
specificity of CD. 

Pilot
The feasibility of CD and CL measurements were tested in a pilot study 
among nine matched LQTS and control fetuses.

All subjects had a normal shortening fraction with no difference between 
the groups (p=0.647).

There was a high consistency between the RR-12ECG and RR-3ECG 
(ICC=0.90, p<0.001), indicating no major differences in heart rate between 
the 12-lead ECG and echocardiogram. In addition, there was a strong 
agreement between CD and QT-12ECG (ICC=0.75, p<0.001). 

Intra-method variability

The inter-observer validity for CD was high, with a ICC of 0.89 (95% 
confidence interval [CI] 0.81-0.94, p<0.0001). In addition, there was also 
a high reproducibility (ICC=0.94, p<0.001) with a systematic error of 
6 miliseconds (ms) and a maximal difference of 48 ms.   

Inter-observer and intra-observer validity 

There was a area under the curve of 0.71 (95% CI by bootstrapping 
0.53-0.76) for CD and the optimal cut-off value of 422 ms (95% CI by 
bootstrapping 338-449 ms) yielded a sensitivity of 54% (95% CI by 
bootstrapping 33-75%) and a specificity of 83% (95% CI by bootstrapping 
67-96%). 

Sensitivity and specificity 

CD and CL measurements could be performed in all subjects. The LQTS 
fetuses had an absolute longer CD compared to controls (absolute mean 
difference of 21 ms), however this difference was not statistically significant 
(p=0.42) possibly due to the small sample size. The reproducibly for CD 
was high (ICC=0.92, 95% CI 0.78-0.97), with a systematic error of 11 ms 
(maximal difference 15 ms). 

An example of the difference in CD in fetal twins where one fetus was 
healthy and the other had LQTS type 3 is shown in Figure 2.
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