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AbSTRACT

background: The diagnosis of long QT syndrome (LQTS) is not straightforward in the 
absence of clear QT prolongation in the resting ECG. Detailed analysis of the dynamics 
of QT and TQ (=RR-QT) during supine-standing tests may improve the diagnostic pos-
sibilities of LQTS.

Objective: To evaluate QT-TQ dynamics in LQTS patients.

Methods: Age (42±5 years, mean±SD) and gender (63% male) matched subjects with 
LQTS1, LQTS2 and healthy relatives (controls) were studied (each group n=8) off beta-
blocker therapy. Continuous 12-lead ECGs were made during 2 minutes in supine posi-
tion (baseline) followed by 3 minutes of standing. A custom-made program applying 
fiducial segment averaging allowed beat-to-beat analysis of RR, TQ, QT and QTc and QT/
TQ-ratios at baseline, during stand-up (first 30s of standing) and during standing (1min 
following stand-up). QT/TQ-crossover was defined as a change in QT/TQ-ratio from <1 at 
baseline to >1 during standing.

Results: In all groups TQ significantly decreased during stand-up, whereas QT hardly 
decreased. It resulted in a significant QTc-increase during stand-up (‘QTc-stretching’) in 
control and LQT2, but not in LQT1. Restitution slopes constructed by beat-to-beat chang-
es differed among groups, with steeper slopes in LQT1 and slightly higher intercepts in 
LQT2. In 6/8 controls QTc of several beats exceeded the previously established critical 
level of 490 during stand-up. All four LQTS patients with a normal baseline QTc<465, and 
only 1/5 controls, demonstrated a QT/TQ-crossover during standing (P<0.05).

Conclusion: QT/TQ-crossover during standing may add to diagnosis of LQTS, and identi-
fies LQTS patients with otherwise borderline baseline QTc.
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INTRODuCTION

The congenital long QT syndrome (LQTS) is associated with syncope and sudden cardiac 
death resulting from Torsade de Pointes, commonly triggered by emotional or physical 
stress.1,2 The diagnosis of LQTS is based on a marked QT prolongation on the ECG with or 
without a clinical history of unexplained syncope.3 Although clinical criteria have been 
developed to improve diagnosis and risk stratification,4 the diagnosis is less straightfor-
ward in the absence of a clear QT-prolongation in the resting ECG.

Due to the typical autonomic triggers for arrhythmias, the syndrome was originally 
attributed to imbalance of the autonomic system in these patients.5 Cardiac sympa-
thetic denervation is likewise being deployed as effective therapy for patients with 
therapy-refractory events.6 Research has increasingly focused on genetics following the 
discovery of the first LQTS associated gene in 1991.7 Since, 15 different types of LQTS have 
been classified based on their genetic profile.8 Types 1 and 2 of LQTS (LQT1 and LQT2, 
respectively) encompass the largest group of LQTS patients, in whom a loss-of-function 
of, respectively, the slow or fast activating component of the delayed rectifier channels is 
involved.9,10 However, a diagnosis based on genetics alone causes misdiagnosis of 15-20% 
of the phenotypical LQTS patients in whom genetics remains elusive.11 Furthermore, a 
diagnosis based on the QT interval alone can be difficult, because the QTc range in LQTS 
patients overlaps that of the healthy population.12,13 Therefore, several studies aimed to 
identify other markers that improve diagnosis.14,15,16 New measures are short-term QT 
variability,17 QT-stretching18 and QT-stunning.19 The latter measures involve the direct 
and short-term QT interval adaptation to heart rate changes induced by brisk standing. 
In collaboration with our group, Viskin et al showed that QTc during QT-stretching – i.e. 
at shortest interval between T wave and next P wave – was higher among LQTS patients 
compared to healthy controls.18 It was posited that a cut-off of QTc= 490 during QT-
stretching would be a valuable qualitative diagnostic in individuals without obvious 
baseline QT prolongation.19 In addition, we demonstrated that QT during QT-stunning 
(i.e. upon return to baseline heart rate) lengthened in LQTS patients, whereas it short-
ened in control subjects. These studies imply that the dynamicity of heart rate and QT 
intervals is different in LQTS patient and may require a more profound analysis. The aim 
of this study was to evaluate the beat-to-beat QT-RR responses to sudden standing in 
LQTS patients compared to healthy controls.
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METHODS

Population

We retrospectively collected ECG recordings of age and gender matched groups of 
patients with a LQT1 mutation (LQT1), patients with a LQT2 mutation (LQT2), and as-
ymptomatic relatives without a mutation (controls). We selected individuals that visited 
our cardiogenetics clinic at the Academic Medical Center either for evaluation of their 
symptoms or for family screening. All subjects underwent an ECG recording during a 
supine-standing test, before any beta-blocker therapy was started. We obtained a waiver 
from the local ethical committee for ethical approval for the conduct of this study.

Acquisition and signal analysis

Continuous standard 12-leads electrocardiogram (ECG) recordings were made during 
2 minutes in supine position (baseline) and after the instruction to stand up quickly 
and stand still for 3 minutes. Recordings were made using the Cardio Perfect system 
(Welch-Allyn Cardio Control, Delft, the Netherlands) at a sampling rate of 600 Hz without 
filtering, and offline up-sampled to 1200 Hz for a more accurate alignment of complexes.

ECG recordings were divided into fragments to allow data analysis: 1) first supine: 
fragment of 60 seconds; 2) second supine (baseline): fragment until stand-up (about 60 
seconds); 3) first 30 sec of standing (stand-up): first 5-10 seconds missing due to skeletal 
muscle artefacts; 4) second standing (standing): fragment of following 60 seconds; 5) 
third standing: last fragment of the test (minor cases). The number of measured frag-
ments per subject varied and therefore we mainly focused on the fragment before, 
during and after stand-up (baseline, stand-up and standing). For analysis we used 9 of 
the 12 leads (I, II, III, V1 – V6).

Beat-to-beat signal analysis was performed offline using a custom-made program 
applying fiducial segment averaging (Intraval™).20 In short, the program identifies in-
dividual QRS complexes by using a matching filter technique. Each individual complex 
is then in turn cross-correlated with the average segment of the remaining complexes 
and subsequently shifted in time until maximum correlation is obtained. This process is 
repeated until no further improvement is realized. This iterative process is subsequently 
repeated for all default fiducial segments, i.e. the segments around the fiducial points: P 
wave onset, QRS onset, QRS end, T wave peak, and T wave end, and resulted in optimally 
aligned segments of similarly looking deflections (e.g. all T wave peaks aligned at their 
apex). In this way we obtained beat-to-beat measurements of RR and QT, from which 
QTc (heart rate corrected according to Bazett) was calculated.

The diastolic intervals (TQ) rather than RR intervals are determinative for the response 
in QT21 (QT-restitution). Therefore, TQ intervals were calculated as the interval from the 
preceding end of T wave to QRS onset (RR minus QT). Beat-to-beat QT/TQ-ratio is ob-
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tained as: QT interval / preceding TQ interval. Next, we determined beat-to-beat QT-TQ 
responses to evaluate QT-restitution. The period of stand-up is excluded because we 
considered it too dynamic – i.e. instable with large RR variation – as it may interfere 
with reliable restitution determination. QT-restitution was constructed first by determin-
ing linear regression lines (QT= slope x TQ+intercept) per fragment, after which slopes 
and intercepts with y-axis were averaged to obtain a mean restitution line per subject 
(short-term restitution, i.e. beat-to-beat). An alternative construction incorporated one 
linear regression line per subject irrespective of the fragment (long-term restitution, i.e. 
approaching steady-state). Slopes and intercepts were tested between groups.

Statistics

Continuous variables were presented as mean±SD and categorical variables as frequency 
(percentage). Comparisons between groups were performed using a one-way ANOVA 
followed by Bonferroni post-hoc testing. Comparisons within groups between baseline 
and stand-up were performed using a paired t test. For comparisons of categorical vari-
ables we used a Fisher’s Exact test. P values ≤0.05 were considered statistically significant.

RESuLTS

We collected data from gender and age matched controls, LQT1 patients and LQT2 
patients (n=8 each group). The total number of beats analyzed per subject was 347±36. 
Table 1 shows the baseline characteristics (i.e. supine fragment). The mean RR intervals 

Table 1: Baseline characteristics of the three groups (control, LQT1, LQT2).

Control LQT1 LQT2 P value

N 8 8 8

Male, n (%) 5(63) 5(63) 5(63)

Age, years 42±13 43±14 42±14 0.99

baseline means

RR, ms 859±169 904±183 910±89 0.77

TQ, ms 452±133 435±125 458±85 0.92

QT, ms 407±38 *1 469±64 452±23 0.03

QTc 442±13 *1,*2 495±27 476±29 <0.01

QT/TQ-ratio 0.99±0.34 1.14±0.22 1.04±0.25 0.57

<1 (n (%)) 5(63) 3(38) 5(63)

Continuous variables are given as mean±SD. Categorical variables are given as frequency (percentage).
N= number of subjects; RR= RR-interval; TQ= TQ interval; QT= QT interval; QTc= Bazett corrected QT interval.
P values were given for one-way ANOVA on continuous variables. * P<0.05 for Bonferroni post-hoc testing 
after one-way ANOVA; c= compared to control; 1= compared to LQT1; 2= compared to LQT2.
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were similar among groups. The mean QTc intervals were significantly longer in both 
LQT groups compared to controls. The mean QT intervals were shorter in controls than in 
the LQT1 group (significantly) and LQT2 group (tendency). Accordingly, the TQ intervals 
tended to be shorter in LQT1 patients than in controls and LQT2 patients, although dif-
ferences were not statistically significant.

beat-to-beat response of TQ and QT

Figure 1 shows three typical beat-to-beat responses of QT and TQ for age and gender 
matched subjects from the control, LQT1 and LQT2 group. Generally, during stand-up 
there was a transient fast and large TQ decrease in all subjects, followed by a return 
(or sometimes overshoot) to baseline TQ values within 30 seconds. In about half of the 
cases this was followed by a slight decrease in TQ. Conversely, the QT intervals showed 
a slower and less pronounced response to stand-up. Figure 1 also demonstrates that at 
baseline the TQ intervals were generally longer than the QT intervals resulting in a QT/
TQ-ratio <1. This indicates that the QT interval did cover less than half of the RR interval, 
which is a rough measure indicating a normal QT interval. In a number of cases (3/8 
controls, 5/8 LQT1 patients, 3/8 LQT2 patients) the TQ intervals were shorter than QT (QT/
TQ-ratio >1). During stand-up in all subjects the QT/TQ-ratio was larger than 1, which 
can be considered as QT-stretching. Following stand-up, this QT/TQ-ratio did return to 
values <1 in many controls (n=4), but remained >1 in most LQT patients (n=15). Therefore, 
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Figure 1: Top panels: Typical beat-to-beat responses in TQ (green), QT (red) and QTc (grey) for age and gen-
der matched subjects from controls (A), LQT1 (b) and LQT2 (C). bottom panels: Mean±SD of RR (blue), TQ 
(green), QT (red) and QTc (black striped) values per fragment for controls (D), LQT1 (E) and LQT2 (F).
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7we defined QT/TQ-crossover as a change in QT/TQ-ratio from <1 at baseline to >1 during 
standing (i.e. following stand-up). In Figure 1, crossover is observed in panels B and C, 
but not in panel A. Crossover is also evident when data from each segment are averaged 
(bottom panels).

Figure 2 shows, per group of subjects, the mean RR, TQ, QT and QTc intervals and 
the QT/TQ-ratio of the successive fragments. In 1 LQT2 patient data during the first 30 
seconds of standing were of insufficient quality. The mean RR and TQ intervals were 
similar among groups for all fragments. The mean QT intervals, however, significantly 
differed between controls and LQT1 patients for the fragments at baseline, standing 
and subsequent fragments. Mean QTc intervals differed between controls and both LQT 
groups in almost all fragments, but not during stand-up. In all three groups, the mean 
RR and TQ intervals significantly decreased during stand-up, without significant differ-
ence between groups. Data on the changes (baseline minus stand-up) are presented in 
Table 2. Changes in RR and TQ tended to be largest in LQT2 patients and smallest in LQT1 
patients, although these differences between groups were not statistically significant. 
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Figure 2: bar graphs: per group mean±SD of RR (A), TQ (b), QT (C), QTc (D) and QT/TQ-ratio (E) per frag-
ment during the ECG recording. Differences between baseline and first period of standing (stand-up) or 
first fragment after standing-up (standing) were tested with a paired t test (*). Differences between groups 
were tested with a one-way ANOVA test with post-hoc Bonferroni testing (†, ‡, #, difference values given 
in Table 1).
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No significant changes occurred in mean QT intervals when subjects stood up (Figure 
2), although LQT2 patients had a tendency for increased QT intervals (i.e. negative ∆QT 
values for LQT2 contrary to controls and LQT1, Table 2). Consequently, all three groups 
showed QTc-stretching (i.e. deducible from negative ∆QTc values in Table 2). In LQT2 
patients and controls – but not in LQT1 patients – this QTc increase was statistically 
significant.

Since all observations above were based on average changes (i.e. differences between 
means, see methods) – which may blur the true dynamics in RR, TQ, QT and QTc – we 

Table 2: Dynamic characteristics: mean and maximum changes.

Control LQT1 LQT2 P value

Differences of means (baseline – stand-up)

N 8 8 7

∆RR, ms 165±81 133±97 189±113 0.55

∆TQ, ms 143±73 121±125 188±114 0.48

∆QT, ms 16±20 9±34 −3±31 0.44

∆QTc −32±27 −29±61 −61±46 0.37

∆QT/TQ-ratio
(baseline-standing)

−0.09±0.10 −0.16±0.19 −0.17±0.20 0.39

Maximum differences (last beat baseline – max standing)

N 8 8 7

Max ∆RR, ms 250±141 222±150 286±104 0.66

Max ∆TQ, ms 229±132 205±158 289±96 0.47

Max ∆QT, ms 30±26 25±20 18±21 0.56

Max ∆QTc 60±33 68±63 105±36 0.18

Min RR in stand-up, ms 602±83 683±67 674±71 0.08

Min TQ in stand-up, ms 217±80 230±55 215±47 0.88

Min QT in stand-up, ms 373±25 433±68 429±30 0.03

Max QTc in stand-up 501±38 551±79 561±36 0.11

n of max QTc >490 6/8 6/8 7/7

QT at min RR, ms 386±23 453±80 454±39 0.03

∆QT at min RR, ms 17±21 5±36 −8±28 0.27

QT at min TQ, ms 385±23 452±81 456±40 0.03

∆QT at min TQ, ms 18±22 6±37 −9±26 0.22

Values are given as mean±SD.
N= number of subjects; n of max QTc >490= number of patients with a QTc >490 during stand-up over the 
total number of patients.
P values were given for one-way ANOVA on continuous variables.
* P<0.05 for Bonferroni post-hoc testing after one-way ANOVA, c= compared to control; 1= compared to 
LQT1; 2= compared to LQT2.
# P<0.05 for Fisher’s Exact test on categorical variables
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also determined maximum changes in RR, TQ, QT and QTc (Table 2) based on our beat-
to-beat analysis. Generally, we observed similar patterns as with the average changes. 
Despite the dissimilar dynamics between LQT1 and LQT2, the maximum QTc during 
stand-up was in both LQT groups larger compared to controls (not signifi cant). However, 
in 6/8 controls, the QTc of several beats exceeded the previously established critical level 
of 490.19 In contrast, the QT/TQ-ratio was more discriminative. In subjects showing at 
baseline a QT/TQ-ratio<1 (‘normal QTc’), we observed a QT/TQ-crossover in 3/3 LQT1 and 
4/5 LQT2, but only in 1/5 controls (Figure 2) with average changes in QT/TQ-ratio of 0.33 
± 0.23, 0.26 ± 0.21 and 0.03, respectively. The QT/TQ-crossover was also discriminative 
in subjects with a borderline baseline QTc (<465), as all four LQTS patients – and only 1 
of 5 controls – with a borderline baseline QTc (< 465) demonstrated a QT/TQ-crossover 
during standing (P<0.05).

QT-TQ relations

To further evaluate the beat-to-beat response in QT we constructed QT-TQ scatterplots, 
from which restitution lines were obtained. Figure 3A shows a typical QT-TQ plot for 
age and gender matched subjects from the control, LQT1 and LQT2 group with diff er-
ent colors for diff erent fragments. In all three examples (same subjects as in Figure 1), 
variation (per fragment) in TQ is larger than that in QT. As a result of standing up there 
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Figure 3: A: Typical QT-TQ graphs for age and gender matched subjects from the control, LQT1 and LQT2 
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is a decrease in TQ (a leftward shift in the plot) followed by a gradual decrease in QT (a 
downward shift in the plot). All three examples showed QT-stretching during stand-up, 
which manifests as a little cloud (light blue) outreaching the main cloud toward the left 
side of the plot.

In the plots we also exemplify the two different ways of restitution determination 
(short-term and long-term). The short-term restitution lines (thin black solid lines) were 
rather flat as a result of minor QT changes in response to large TQ changes (Table 3). 
Slopes of these restitution lines did not differ between groups. The intercept however, 
was smaller among controls compared to LQT1 patients.

Long-term restitution lines (thick black solid lines) were steeper than short-term 
restitution lines, because in time larger changes in QT were achieved as response to 
shortening of the TQ. The LQT1 patients had significantly steeper restitution slopes 
compared to LQT2 patients (Table 3). Control subjects had slopes that were intermediate 
between LQT1 and LQT2. The range of TQ intervals varied between subjects and therefore 
we also calculated a group-based restitution line in which data of all subjects within a 
group were pooled (Figure 3B). In these plots we observed clear differences is slope and 
intercept between the groups. The LQT1 patients appeared to have a steeper restitution 
slope than LQT2 patients and controls, whereas LQT2 patients had a higher restitution 
intercept than both other groups. These group-based restitution results corresponded 
with the results on the long-term restitution lines (Table 3 and Figure 3A).

Heart rate corrected QT

Figure 4 shows the reconstructed restitution lines resulting from the group-based de-
termination, and the lines of heart rate corrected QT intervals. The lines representing 
QTc=450 and QTc=490 were recalculated for TQ based on Bazett’s formula. The resti-
tution lines demonstrate that for each group of subjects a different type of heart rate 
correction of QT interval is applicable. In the control group (blue) we observed that for 

Table 3: Restitution parameters of QT-TQ plots.

Control LQT1 LQT2 P value

short-term restitution

slope 0.05±0.01 0.06±0.02 0.05±0.01 0.09

intercept 371±27*1 426±56 414±21 0.02

long-term restitution

slope 0.21±0.12 0.32±0.14*2 0.11±0.17 0.04

intercept 303±50 333±71 380±60 0.06

Values are given as mean±SD. Short-term and long-term restitution, see text for further explanation.
P values were given for one-way ANOVA on continuous variables.
* P<0.05 for Bonferroni post-hoc after one-way ANOVA on continuous variables; c= compared to control; 1= 
compared to LQT1; 2= compared to LQT2.
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the main part of TQ range, the restitution line remains below the QTc=450 line. The LQT2 
line (green) extends outside the critical margin at high heart rates (small TQ), the LQT1 
line (red) exceeds the limits at lower heart rates.

DISCuSSION

This observational study shows that the beat-to-beat response of TQ and QT intervals to 
a rapid stand-up differ between controls, LQT1 patients and LQT2 patients. The response 
in QT intervals is more gradual than the large and transient TQ shortening, consequently 
leading to QTc stretching in the majority of cases of all three groups. We propose that 
the use of QT/TQ-crossover metric is of discriminative value for the identification of LQT 
patients without a prolonged QTc at rest, as these patients fail to return their QT/TQ-ratio 
below 1 after standing. The slow adaption of QT to TQ shortening is underlined by the 
flat short-term restitution lines observed in all three groups. Over time, QT adaptation 
is more prominent and leads to steeper restitution lines demonstrating the differences 
between the groups. LQT1 patients show steeper restitution lines whereas LQT2 patients 
show a larger restitution intercept.

Value of supine-standing test

Rapid stand-up was accompanied by a transient and significant shortening of the TQ and 
RR intervals. The corresponding response in QT is however more gradual. This behavior 
of TQ, RR and QT following standing is consistent with earlier reports,18,19 although the 
baseline QT and QTc values were ±20 ms longer in our study. However, changes in QT 
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Figure 4: Reconstructed group-based restitution lines together with QTc=450 line and QTc=490 line.
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intervals upon standing (shortening in controls and LQT1 and prolongation in LQT2) 
were consistent with these studies.18 The increases in QTc were smaller in our study. 
Discrepancies in results between our study and our earlier studies18,19 may be explained 
by some methodological differences: i) for QT interval determination we used signal 
averaging and all 9 leads together instead of using single selected complexes in a single 
lead, ii) we obtained beat-to-beat data during the entire recording split into fragments 
instead of selecting a couple of single complexes throughout the recording, iii) we had 
a lower percentage of females in our LQT groups and iv) patient selection was not based 
on a borderline QTc value.

The different dynamics of the TQ and QT intervals following a rapid stand-up may lead 
to distinction between controls, LQT1 patients and LQT2 patients. All three groups have a 
similar minimum TQ during stand-up, indicating an equal ‘QT adapting’ challenge among 
the groups. During this challenge, QT interval in controls and LQT1 patients shorten, 
whereas LQT2 patients even show a small prolongation of the QT interval. As a result of 
the gradual QT changes in response to a large and immediate TQ decrease – represent-
ing an increase in heart rate – QTc values are prolonged and result in QTc-stretching in all 
three groups. Although this may be interpreted as a faulty adaptation of QT to heart rate 
changes, QTc-stretching was also observed in control subjects, as expected.18 It should 
be kept in mind, however, that within each episodes of TQ change, hardly any adapta-
tion of QT can be observed (Figure 1 and 3A). QTc-stretching is therefore the normal 
expression of the dynamicity of heart rate adaptation (in the absence of QT adaptation) 
following standing up,21 but tends to be augmented in LQT2 patients (Table 2).

LQT2 patients showed the largest QTc-stretching during stand-up. However, in many 
controls maximum QTc during stand-up also exceeded the cut-off of 490 defined by 
Adler and colleagues.19 This may lead to a misdiagnosis of healthy relatives. Therefore, 
we suggest that caution should be exerted when using single QTc values during such a 
dynamic condition, and that an average of several successive QTc values may be more 
revealing.

We demonstrated that the use of QT/TQ-crossover might be of added discriminative 
value for the detection of LQT patients with a borderline QTc at rest (Figure 2). Our study 
is not designed, nor powered to obtain a positive or negative predictive value but has 
identified a potentially valuable metric based on the detailed beat-to-beat analysis of 
the QT response to heart rate changes. The selection of patients in our study was not 
based on the identification of patients with a normal QTc at rest.

Restitution characteristics

The short-term restitution lines, representing the beat-to-beat dynamic character, 
have flat slopes that are similar among groups. It indicates that variation in TQ is much 
larger than the variation in QT. The long-term restitution lines, by contrast, represent the 
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‘steady-state’ adaptation in QT and TQ. We observed that long-term restitution slopes 
were steeper in LQT1 compared to control (not significant) and LQT2 (significant). This 
difference is probably related to the loss of IKs in LQT1 patients.9 IKs accumulates during 
high heart rates22 and is therefore primarily responsible for adaptation to heart rate 
changes (i.e. restitution slope). Therefore we anticipated that a change in the restitu-
tion slope in LQT1 patients is plausible. Still, the observed steeper slope in LQT1 patients 
would imply better adaptation of QT to TQ, which is opposite to what we expected to 
observe during a loss of IKs (i.e. a loss of restitution). Longer baseline QT interval values 
might have played a role in this discrepancy.

LQT2 has been associated with a loss of function10 of the rapidly activating compo-
nent of the delayed rectifier potassium current (IKr).23 Due to loss of repolarizing current 
through IKr, which is relatively heart rate independent, the restitution line is expected 
to show an upward shift leading to a larger restitution intercept. Indeed, LQT2 patients 
have the tendency of a higher restitution intercept (Table 3).

The differences in restitution lines between the groups suggest that a group-specific 
heart rate correction formula should be used to obtain correct QTc values and that the 
use of the Bazett formula in such dynamic conditions may lead to overestimation or 
underestimation of the QTc value (see also Figure 4). In the LQT1 group the restitution 
mainly deviates from normal at low heart rates (long TQ intervals), whereas in the LQT2 
group it mainly deviates from normal at high heart rates (short TQ intervals). The latter 
finding fits in the results of earlier studies that showed that QT-stretching (i.e. at high 
heart rates) is particularly abnormal in LQT2 patients.18 When using the Bazett formula in 
these cases, true QTc may be underestimated at slow heart rates and overestimated at 
high heart rates. Batchvarov and co-workers showed that even between subjects QT-RR 
relationships may differ substantially.24 Rather than presenting QTc values during rapidly 
changing conditions, we argue that it is preferable to give several absolute QT and TQ or 
RR values at different stages.

Methodological considerations

A major drawback of this study is that selection of patients was not based on a normal 
baseline QTc value at rest. Therefore, the QT/TQ-crossover metric needs further explora-
tion before its definite diagnostic value could be ascertained. Another methodological 
consideration is that the use of a linear regression model to determinate QT-restitution 
may not completely match the physiologic restitution.25 However, Batchvarov and col-
leagues have shown that a linear model have the most optimal fit in QT-RR data when 
compared to a parabolic or hyperbolic model.24 In addition, the linear regression lines 
allow easy interpretation of the slopes and intercepts.
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CONCLuSION

Following rapid stand-up the TQ interval shows a transient and large decrease as a result 
of the increase in heart rate. The response in QT is much smaller, more gradual and dif-
fers between controls, LQT1 patients and LQT2 patients. As a direct consequence, QTc in-
tervals become suddenly longer (QT-stretching). Restitution slopes differ among groups, 
with steeper slopes in LQT1 patients and slightly higher intercepts in LQT2 patients. In 
order to classify an individual within a group accurately, taking the dynamicity during 
the supine-standing test into account is important. Comparison of a single QTc value 
with a predefined level may therefore not be accurate enough. Determination of the QT/
TQ-crossover or several QT and TQ values during the supine-standing test is potentially 
of added discriminative value, especially in patients with a normal QTc at rest.
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