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Although myocardial bridging (MB) is defined as an angiographic phenomenon with a benign course, it has
also been associated with adverse cardiovascular events. The effects of exercise on myocardial repolarization
in patients with MB were tested in this study, with Tp-e and Tp-e/QT repolarization indexes.

A total of 50 patients in whom isolated MB was diagnosed at coronary angiography (CAG) (Group 1) and 48 pa-
tients with normal CAG results (Group Il) were included in this study. The participants underwent treadmill ex-
ercise stress testing according to the Bruce protocol. QT dispersion (QTd) was defined as the minimum QT in-
terval subtracted from the maximum. The Tp-e interval was defined as the difference between the QT and the
QT peak time period. QTd and Tp-e intervals were calculated for all patients before and after exercise testing
and differences between groups were compared.

At peak exercise, QTd and cQTd showed a significant increase in comparison to baseline values in the group of
patients with myocardial bridges. Significant increases were also found with exercise in the Tp-e, cTp-e dura-
tions and Tp-e/QT ratio of the MB patient group in comparison to the baseline values. On the other hand, sig-
nificant differences in QTd, cQTd, Tp-e, cTp-e intervals, and Tp-e/QT ratio during peak exercise in comparison
with baseline values were not detected in the control group (p>0.05).

Significant increases in QTd, cQTd, Tp-e and cTp-e intervals and Tp-e/QT ratio were detected in the MB patients
during exercise testing.

Arrhythmias, Cardiac ¢ Exercise Test ¢ Myocardial Bridging
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Background

Myocardial bridging (MB) is a congenital coronary anomaly that
is defined when a segment of a major epicardial coronary ar-
tery is “tunneled” in the myocardium. It extends intramurally
through the myocardium beneath a muscular bridge [1,2]. The
incidence of myocardial bridging is elaborated as 1.5-16% in
angiographic studies and may rise up to 80% at autopsy [3,4].
MB is most commonly located in the middle left anterior de-
scending artery (LAD) [5] and the prominent angiographic
finding is systolic compression of the involved epicardial cor-
onary artery [6].

Although MB is a phenomenon with a benign course, it has
also been reported to cause myocardial ischemia [7], acute cor-
onary syndrome [8], coronary vasospasm [9], atrioventricular
block [10], transient ventricular dysfunction [11], ventricular
septal rupture [12], ventricular tachycardia [13], and sudden
cardiac death [14]. These reports suggest that at least some
of the patients with MB may have a predisposition for major
cardiac events. It has been postulated that the adverse events
in the reported cases are related to the effect of MB on the
coronary blood flow. On the other hand, the electrophysiolog-
ical effects and arrhythmogenic potential of these effects on
the coronary flow are not well-described.

Previous research has shown the importance of detecting myo-
cardial repolarization abnormalities in the prediction of ar-
rhythmogenic potential. QT dispersion (QTd) is defined as the
minimum QT interval subtracted from the maximum and cQTd
is defined as the QTd corrected for the rate. These parame-
ters have been associated with adverse outcomes [15,16]. On
the other hand, the recently defined parameters of Tp-e in-
terval (defined as the difference between the QT interval and
the QT-peak time period) and Tp-e/QT index were reported to
indicate myocardial repolarization abnormalities better than
QTd and cQTd parameters [17,18]. Increased Tp-e interval has
been associated with cardiovascular mortality and ventricular
tachyarrhythmias [19,20]. In this study, we analyzed the ef-
fects of exercise on myocardial repolarization parameters in
patients with and without myocardial bridging.

Material and Methods

Study population

Patients enrolled in this prospective study were consecutive
patients who underwent diagnostic coronary angiography for
suspected coronary artery disease (CAD) at Ondokuz Mayis
University Hospital between January 2011 and April 2014.
Fifty patients who were diagnosed as having isolated MB at
coronary angiography (Group 1) and 48 patients with normal
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coronary angiograms (Group Il) were included in this study.
Patients with coronary atherosclerosis, those with acute cor-
onary syndromes, left ventricular systolic dysfunction (LVEF
<50%), significant valvular heart disease, renal failure (creati-
nine-based estimated GFR <90 mL/min/1.73 m? calculated by
the Cockcroft-Gault formula), bundle branch block and atrio-
ventricular conduction abnormalities on the electrocardiog-
raphy (ECG), thyroid dysfunction, pulmonary disease, chron-
ic infections or inflammatory diseases, electrolyte imbalance,
and those with ECG’s without clearly analyzable QT and Tp-e
intervals were excluded from the study. All the patients were
in sinus rhythm, and none of them were taking antiarrhyth-
mic medications, tricyclic antidepressants, antihistamines, or
antipsychotics.

Biochemical measurements

Biochemical parameters were measured with an Abbott
ARCHITECT ¢8000 (Abbott Laboratories, Abbott Park, IL, USA)
autoanalyzer using commercial kits. Hematologic parame-
ters were measured with an Abbott CellDyn 3700 (Abbott
Laboratories, Abbott Park, IL, USA) device with laser and im-
pedance method. High sensitive C-reactive protein (hs-CRP)
(CardioPhase, hs-CRP) was measured quantitatively in BN Il
System Nephelometer (Dade Behring, Marburg, Germany) by
immunonephelometric method from patient serum and results
were reported in mg/L.

Coronary angiography

All patients underwent coronary angiography with Judkins tech-
nique and femoral approach. Images were recorded at a digi-
tal angiographic system (ACOM.PC; Siemens AG, Germany) at
a speed of 15 frames/second during the procedure. lopromide
(Ultravist 370, Schering AG, Berlin, Germany) was used as con-
trast material. The cine-angiograms were evaluated by two in-
dependent cardiologists and MB was identified as 50% or more
systolic narrowing by visual estimation. Quantitative measure-
ments of the coronary arteries were performed on the digital
angiographic system (ACOM.PC; Siemens AG, Germany). The
length of MB and percentage of diameter reduction in the
bridged segments were calculated by quantitative coronary
angiography (QCA).

Electrocardiography and Calculation of ventricular
repolarization parameters

The 12-lead ECG recording was performed after 10 minute
of rest at supine position at 50 mm/s speed and 20 mm/mV
amplitude (Nihon Kohden, Tokyo, Japan). ECG measurements
of QT and Tp-e intervals were performed by two cardiologists
who were blinded to the patient data. In order to lessen errors
in QT and Tp-e interval analyses, each interval was measured
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Figure 1. Diagram demonstrating ventricular repolarization
parameters measured from surface ECG.

manually with calipers and magnifying glass. In order to im-
prove accuracy, average value of three readings were calcu-
lated and used as data. We measured the QT interval from
the beginning of the QRS complex to the end of the T wave.
The QT maximum (QTmax) and QT minimum (QTmin) were
calculated in all leads of a 12-lead ECG. QTd was defined as
the maximum minus minimum QT interval and corrected QTd
(cQTd) was calculated according to Bazett’s Formula adjusted
according to heart rate [21]. QT peak interval was defined as
the time from QRS complex onset to the peak of the T wave,
whereas Tp-e interval was defined as the time from the peak
to the end of the T wave. The measurements of Tp-e inter-
val were performed from precordial leads and were corrected
according to heart rate [19]. The Tp-e/QT ratios were subse-
quently calculated (Figure 1).

The reproducibility of ECG repolarization indices was assessed
by coefficients of variation (standard deviation of differences
between the repeated measurements divided by the mean val-
ue and expressed as a percentage) between measurements.
The intra-observer variability was calculated in 34 randomly
selected study participants (18 patients with myocardial bridg-
ing and 16 control subjects) by repeating the measurements
under the same basal conditions. Intra-observer and inter-ob-
server variation was found to be <5%.

Stress electrocardiography

Treadmill exercise stress test was applied to subjects according
to the Bruce protocol (Customed Cardio 100, Germany). The
reproducibility of ECG repolarization indexes was assessed by
coefficients of variation (standard deviation of differences be-
tween the repeated measurements divided by the mean val-
ue and expressed as a percentage) between measurements.
Intra-observer and inter-observer variation were <5%. The ab-
normal response (positive test) to exercise testing included a
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horizontal or downsloping ST-segment depression equal to or
greater than 1 mm (0.1 mV) at 60-80 ms after J-point [22].
Functional capacity was assessed by the peak metabolic equiv-
alent (METs peak), indirectly obtained by formulas, according
to the maximum slope and speed achieved in an incremen-
tal exercise treadmill test, with the ramp protocol adjusted to
the individual [23].

Standard echocardiography

Transthoracic echocardiography was performed in all patients
at left lateral decubitus position with a GE Vingmed Vivid 7
(GE Vingmed Ultrasound, Horten, Norway) echocardiography
device. Images at the parasternal longitudinal axis, short axis,
apical four chambers and two chambers were obtained and
evaluated by M-mode, 2-D, continuous wave Doppler, pulsed
wave Doppler methods based on American Echocardiography
Association criteria [24]. Values were measured on three sep-
arate beats and then the average was calculated for all param-
eters. Left ventricular mass (LVM) was calculated by Devereux
et al. using the equation previously described [25]. LVM was in-
dexed to body surface area to obtain the LV mass index (LVMI).
Relative wall thickness (RWth) was measured at end-diasto-
le as the ratio of [2x posterior wall thickness (PWth)/left ven-
tricular end-diastolic diameter (LVEDD)].

Statistical analysis

All data were loaded to the SPSS 15 program. Subsequently,
the normal distribution of the data was tested using the
Kolmogorov-Smirnov test. The t-test was used to compare two
groups of variables demonstrating normal distribution, while
groups of variables without normal distribution were compared
using the Mann-Whitney U test. Comparison of categorical vari-
ables was carried out by the chi-square test. Wilcoxon signed-
rank test or paired sample t test were used to analyze the change
(in individual subjects) of measurements between baseline and
peak exercise according to the variables distribution. Any corre-
lation between data was tested with the Spearman and Pearson
correlation analysis. While the continuous data were expressed
as “mean +SD” (standard deviation), the categorical data were
expressed as percentage values and a p value of <0.05 was ac-
cepted as statistically significant. Multivariate stepwise logistic
analysis was performed to assess the parameters that are as-
sociated with prolonged cTp-e interval and age, LVMI, length
of MB and percentage of diameter reduction were included as
the covariates in the multivariate regression model.

Results

A total of 50 patients with MB (Group |, 21 males; mean age
48.249.8 years) and age and sex-matched 48 healthy subjects
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Table 1. Baseline clinical and laboratory characteristics of study population and comparison between groups.

Variable MB group (n=50) Control group (n=48) P value
Age (years) 48.2+9.8 49.1+8.4 0.610
Malen® 2@ 2@ 0702
* Body mass index (kg/m) 268137 283131 0187
Hypertension,n (%) 17 G4 5 6) 0772
Smokingn (%) 18 36 6 (3 0782
" Hemoglobin (@)  139s«16 13317 0785
© White blood cell count, 10/mm® 719s178 689154 0383
 Platelet, 10/mm* 25124609  239.1857 0308
 Creatinine, mg/dl 083:016 083:018 0848
Fasting glucose, mgrdl 88.1:109 85.2:108 0199
Total cholesterol, mgral 1954138 18441426 0181
 Low-density lipoprotein cholesterol, mg/dl - 12235315 12215301 0983
 High-density lipoprotein cholesterol, mg/dL 428174 455505 0118
| Triglyceride, mg/dl 15861553 16455702 0642
CASTUL 218:125 238:119 0432
CATUL 207:115 201£109 082
CNa,mmoll 1413827 1412628 0763
CKmmolt a2:03 4103 0564
Ccamgd 9006 89:06 0582
CTSHWU/mML 23¢10 25¢1 0355
CHsCRP (mgn) 11505 10s03 0856
eGFR* (MUmin/173m3) 10815126 1115107 0255
 Cardiovascular medication
"""" ACE-/ARB,n (%) 129  10(@@s o018
"""" Beta-blocker 1@y 8@ 0195
"""" Calcium channel blocker,n (%) 4 (@  5(104 0755
"""" Nitrate,n (%) 3 ® 2@y 0168
"""" statn,n®%) 704  s5(04 026
 Bridging segment characteristics
"""" length of MB (mm) 153:45
"""" Percentage of diameter reduction (%)~ 651x97
CSiteof MB
"""" LAD,n (%) a8
"""" lCxn® 2@
"""" RANG 1
Degree of narrowing
"""" 50-74%,n (%) 460
"""" S75%,n (%) A @

AST — aspartate aminotransferase; ALT — alanine aminotransferase; TSH — thyroid-stimulating hormone; LAD — Left anterior descending
artery; LCX — left circumflex coronary artery; RCA — right coronary artery; MB — myocardial bridge; Hs-CRP — high sensitive C-reactive
protein; ACE-l — angiotensin converting enzyme inhibitor; ARB — angiotensin receptor blocker; GFR — glomerular filtration rate.

* e-GFR was calculated based on the Cockcroft-Gault equation: estimated creatinine clearance = (140-age) x (weight in kg) x (0.85 if
female)/72 x serum creatinine.
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Table 2. Conventional echocardiographic parameters.
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Variable MB group (n=50)
LVEDD (mm) 47.443.4
CWESD (om) %7135
 WSthickness (mm)  97el4
PWthickness (mm)  92x10
ladimension (m) 40834
W s92147
RVdimesion (mm) 24829
By 073t019
Ay 0758017
A 103038
Cwmigmd g791161
CRwh 037003

Control group (n=48) P value

46.943.2 0.460
"""""""" %6414 o3
C oma 0910
o0 0957
"""""""" a1:46  osa
"""""""" sosta6 0490
"""""""" 219835 o466
"""""""" 078028 o1
"""""""" os2:019  oor6
""""""""" 108033 o699
"""""""" gs71178 0245
"""""""" 036004 o038

IVS — ventricular septal thickness; PW — posterior wall thickness; LVEDD — left ventricular end-diastolic dimension; LVESD — left
ventricular end-systolic dimensions; LA — left atrium; LVEF — left ventricular ejection fraction; RV — right ventricular; E — early diastolic
flow; A — atrial contraction signal; LVMI — left ventricular mass index; RWth — relative wall thickness.

Table 3. The results of exercise testing.

Variable

MB group (n=50)

Control group (n=48)

% heart rate achieved

91.54+4.3

90.5+4.2

METs — metabolic equivalents.

(Group Il, 22 males; mean age 49.1+8.4 years) were included in
this study. The baseline clinical and laboratory characteristics
of the patients are presented in Table 1. There were no signif-
icant differences between the groups in terms of baseline lab-
oratory and clinical characteristics. In addition, no significant
difference was found between the patient groups in terms of
drug usage. The length of MB was found to be 15.3+4.5 mm
in the MB patient group and the percentage of diameter re-
duction in the bridged segments was found to be 65.1+9.7%.
Also, no significant differences were observed between the
conventional echocardiographic measurements of the groups
(p>0.05) (Table 2).

The results of exercise testing are shown in Table 3. No sig-
nificant differences were observed between the result of ex-
ercise testing of the groups (p>0.05). No rhythm abnormali-
ties or hemodynamic deteriorations were detected in the two
groups during exercise testing. Additionally, the exercise testing
yielded a positive result in 9 patients (18%) in the MB group,
while it was negative in 41 patients (82%).

The changes in the ventricular repolarization parameters of
the patients during exercise are shown in Table 4. QT max and
QT min intervals during peak exercise showed a significant
decrease in comparison with the baseline values in the two
groups (372.3+12.1 vs. 327.8+10.7 ms, p<0.001; 335.8+14.1
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Table 4. Electrocardiographic repolarization parametres in patients.

MB group (n=50)

Variable

Control group (n=48)

Heart rate(beats/minute) 74.346.3 145.9+11.5
QTmax(m) 3723:121 32784107
CQTmin@ms) 335.8:141 2851105
Qg 364103 426¢141
CwQumy) 393+101 6544167
CTpe@ms) 6957 811184
CTpems 752666 045174
CTpeqr 018£001  020:002

Baseline Peak exercise
<0.001 72.1+5.4 144.6+£10.6 <0.001
"""" €001 3683115  3045:151 <0001
"""" 001 34498132  2754:149 <0001
"""" 0003 271154  201:81 0178
"""" 0001 281155 301156 0071
"""" 0001 666178 6554 0065
"""" €001 732168  749:85 0182
"""" €001  018:002  017t001 0070

QTmax — QT maximum; QTmin — QT minimum; QTd — QT dispersion; cQTd — corrected QT dispersion; Tp-e — transmural dispersion of
repolarization; cTp-e — corrected transmural dispersion of repolarization.

Figure 2. Comparison of cTp-e interval and
Tp-e/QT ratio at baseline and peak
P:0.07 exercise in study groups.

M Baseline
P<0.001 P:0.182 I Peak exercise P<0.001
| 1 |
100 503 0.25
% 80.4
80 33 0.20
70
60 0.15
£ =]
< 50 1 g
=40 =010 4
30
20 1 0.05
10 1
04 0.00

MB group

Control group

MB group

Control group

vs. 285.1+10.5 ms, p<0.001; 368.3+11.5 vs. 304.5+15.1 ms,
p<0.001; 344.9+13.2 vs. 275.4+14.9 ms, p<0.001, respective-
ly). However, QTd and cQTd at peak exercise increased sig-
nificantly in comparison to baseline values in the MB patient
group (36.4+10.3 vs. 42.6+14.1 ms, p=0.003 and 39.3+10.1 vs.
65.4+16.7 ms, p<0.001 respectively). Additionally, significant
increases were detected in Tp-e, cTp-e intervals and Tp-e/QT
ratio during peak exercise in comparison to baseline values in
patients with MB (69+5.7 vs. 81.1+8.4 ms, p<0.001; 75.2+6.6
vs. 94.5+7.4 ms, p<0.001; 0.18+0.01 vs. 0.20+0.02, p<0.001,
respectively) (Figure 2).

On the other hand, significant differences in QTd, cQTd, Tp-e,
cTp-e intervals and Tp-e/QT ratio during peak exercise in com-
parison with baseline values were not detected in the control
group (p=0.178, p=0.071, p=0.065, p=0.182, p=0.07, respec-
tively) (Table 4).

Multivariate analysis demonstrated that the length of MB (stan-
dardized P coefficient=0.446, p<0.001) and percentage of di-
ameter reduction (standardized B coefficient=0.510, p<0.001)
were independent predictors of a prolonged cTp-e interval in
the multivariate stepwise logistic regression model (Table 5).
Standardized B coefficient and P values were 0.125 and 0.110
for age, -0.109 and 0.128 for LVMI, respectively.

Discussion

Although myocardial bridge phenomenon is a condition which
runs a benign course, cases associated with myocardial isch-
emia [7], acute coronary syndrome [8], coronary vasospasm [9],
cardiac arrhythmia [10,13], and sudden cardiac death [14]
were reported. Thus, some patients with MB may be consid-
ered at risk for major cardiac events. We detected a significant
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Table 5. Multivariate logistic regression analysis to demonstrate independent predictors of prolonged cTp-e interval.

Variables B coefficient

Age 0.125
lengthof MB(mm) 0446
 Percentage of diameter reduction (%) 0510
Cwmigm)  -0109

3 OR (95%Cl) )
0.043 0.071 (-0.017-0.159) 0.110
0148 0797 (0498-109) <0.001
0059 0343 (0.223-0462)  <0.001
o026 L0041 ((0.093-0012) 0128

MB — myocardial bridge; LVMI — left ventricular mass index.

increase in ventricular repolarization parameters (QTd, cQTd,
Tp-e, Tp-e/QT) in patients with MB in the present study.

QT dispersion is a simple and effective marker of electrical
heterogeneity in myocardial cells. An increase in this hetero-
geneity is associated with an increase in the potential for car-
diac arrhythmias [26]. Several novel repolarization parame-
ters (Tp-e and Tp-e/QT) were defined in recent studies. These
parameters were reported to be more sensitive in detecting
cardiac repolarization dispersion than conventional parame-
ters [16,18]. Indeed, an increase in Tp-e interval was shown
to be associated with long QT syndrome [27], Brugada syn-
drome [19], hypertrophic cardiomyopathy [28], and develop-
ment of malignant ventricular arrhythmias during the course
of myocardial infarctions [20].

The characteristic angiographic finding of myocardial bridg-
ing is a narrowing during systole (milking effect). On the oth-
er hand, intracoronary ultrasound and Doppler studies have
shown that coronary obstruction may also involve the diastol-
ic period [29,30]. This may be the main triggering mechanism
in MB patients with severe ischemia. Exercise and stress may
increase the myocardial oxygen demand while shortening the
diastolic duration by increasing the heart rate and contractility.
For this reason, higher heart rates may be expected to cause a
predisposition for ischemia in patients with MB. Huang et al.
have detected a reversible perfusion defect in patients with
myocardial bridging in 20171 single photon emission comput-
ed tomography after exercise stress testing [31]. In another
study, malignant ventricular arrhythmias induced by exercise
were reported in patients with MB with evidence for concom-
itant ischemia [13].

The relationship between MB and atherosclerotic process has
not been fully elucidated. The segment proximal to the region
of the myocardial bridge has been associated with atheroscle-
rosis rather than the MB segment itself [32]. Previously, the dis-
turbance of blood flow and high wall stress proximal to myo-
cardial bridge have been identified as main contributors for
the development of atherosclerosis in the segment proximal
to the bridge [33]. In addition, vasoactive agents (endothe-
lin-1, endothelial nitric oxide synthase, angiotensin-converting

enzyme) have been shown to be present in higher concentra-
tions in the proximal portion of the MB artery in comparison
to the MB segment, further shedding light into the mecha-
nisms of atherosclerosis found in the proximal segment [34].

Another probable mechanism of ischemia observed in patients
with MB may be coronary vasospasm [35]. The mechanical
stress caused by systolic narrowing at the MB segment may
result in endothelial damage, which in turn may lead to plate-
let aggregation, coronary vasospasm and eventually ACS [3].
Indeed, coronary vasospasm has been described in the myo-
cardial bridge artery segment before [36]. As a conclusion, en-
dothelial damage, vasospasm, and atherosclerotic processes
developing in the proximal portion of the MB artery segment
are among other causes of ischemia that develops in patients
with myocardial bridging.

Myocardial fibrosis and interstitial edema development were
shown in the myocardial bridge artery area in a recent histo-
pathological study [37]. Similarly, Hostiuc et al. [38] have re-
ported significant myocardial fibrosis and interstitial edema in
the MB area in patients who experienced sudden death due to
MB. Also, death in these patients was attributed to electrical
myocardial instability, which had developed in a background
of myocardial fibrosis.

The close association between prolongation of QT dispersion
and development of ventricular arrhythmias was shown, but it
may also be a predictor in the diagnosis of coronary artery dis-
ease (CAD). Stoletniy et al. have shown that [39] a QTd longer
than 60 ms during exercise has 70% sensitivity and 95% spec-
ificity in diagnosing CAD, with a predictive value superior than
>1 mm ST segment depression. An association between QTd
and ischemia was reported in other studies previously [40,41].
Similarly, the association between Tp-e interval and Tp-e/ QT
ratio with myocardial ischemia was also investigated. Tatlisu
et al. [42] have shown that Tp-e interval measured after a pri-
mary percutaneous coronary intervention (pPCl) in patients
with ST elevation myocardial infarction (STEMI) is a predictor
of death and target vessel revascularization. Xiao et al. [43]
have detected a significant decrease in QTc, cTp-e intervals and
Tp-e/QT ratio after successful thrombolysis for STEMI. Also, a
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decreased Tp-e interval was shown to be a predictor of suc-
cessful reperfusion in patients undergoing primary PCI [44]. In
our study, positive ischemia findings were found during peak
exercise in 9 patients (18%) in the MB patient group, while
no ischemia finding was found in 41 (82%) patients. However,
we think that absence of ST segment depression in most of
our patients during peak exercise did not mean absence of
ischemia in these patients in the light of the information
mentioned above and considering the inadequate sensitivi-
ty and specificity of exercise test in terms of detecting isch-
emia. Although positive ischemia findings were not observed
during peak exercise, prolongation in QT dispersion, Tp-e in-
terval and Tp-e/QT ratio in MB patients might develop as a
result of ischemia in the area supplied by the MB artery dur-
ing peak exercise. Hence, in the multivariate analysis we per-
formed, we found a close relation between the length of MB
and percentage of diameter reduction which might be mark-
ers of the severity of ischemia observed in the area of MB ar-
tery and prolonged cTp-e interval and we concluded that the
length of MB and percentage of diameter reduction were an
independent predictor of prolonged cTp-e interval. Based on
this information, the increased repolarization dispersion index-
es in our patients may both be associated with chronic isch-
emia and myocardial changes developing in this background.
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Study limitations

We were not able to interpret the potential prognostic role of
the exercise-induced changes of the repolarization indexes in
correlation to future adverse events. To determine the predic-
tive value of prolonged Tp-e interval and increased Tp-e/QT
ratio, longer follow-up and large-scale prospective studies in
patients with myocardial bridging are needed.

Conclusions

A significant increase in QTd, cQTd, Tp-e, and cTp-e intervals
and Tp-e/QT ratio during exercise testing was detected in pa-
tients with myocardial bridges. The observed increase in ven-
tricular repolarization dispersion indexes may possibly devel-
op on an ischemic background induced by exercise in the MB
artery area.
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