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ABSTRACT 
 
We aimed  to determine the relationship between QT interval and QT dispersion with left ventricular systolic 
function (LVSF), in patients with left or right bundle branch block ( LBBB or RBBB). In this cross-sectional study, 
80 convenience samples of patients with LBBB and RBBB were recruited from March to September 2015 in 
Kerman. The relationship between QT interval and QT dispersion (based on electrocardiogram) with LVSF (based 
on echocardiography) was   measured using Chi square and student T test. The findings were compared between 
LBBB and RBBB cases. Left ventricular systolic dysfunction (LVSDF) in LBBB cases was more prevalent than 
RBBB. (80% vs. 45%). The QT dispersion was seen in 100% and 95% of cases with LBBB and RBBB respectively. 
The increased QT interval was more frequent in LBBB (92.5%) than RBBB (80%).  In LBBB, with prolonged QT 
interval, LVSDF was more prevalent than normal QT interval sub group. (81% vs. 66%) but in RBBB only the 
prevalence of severe LVSDF had increased in the prolonged QT interval subgroup. (21% vs. 12%). In patients with 
BBB, especially LBBB, there is a direct significant relationship between prolonged QT interval and left ventricular 
ejection fraction (LVEF). So after diagnosis of BBB in ECG, it is better to calculate QT interval until if it is 
prolonged, evaluation of LVEF with echocardiography was done. On the other hand, QT interval is a diagnostic key 
for estimation of LVSF in patients with BBB. 
 
Keywords: long QT syndrome, Left bundle- branch block, Right bundle- branch block, ventricular function, left. 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

ECG has always provided very useful information that can be used to diagnosis, treatment and prevention of 
cardiovascular events. One of these most important findings is the QT interval. The period from the beginning of the 
QRS wave to the end of the T wave is QT interval. In fact, it is the overall time of activity and ventricular recovery 
and shows the action potential of the heart. The QT interval is affected by some pathological conditions such as 
myocardial ischemia, diabetic neuropathy and genetic syndromes[1],[2],[3],[4].This period also is affected by 
certain physiological conditions such as heart rate and non-sinusoidal rhythm[5],[6],[7],[8],[9]. So the equations to 
correct this gap and reduce the impact of heart rate variability are designed[10],[11],[12],[13]. This distance has 
been of key importance. So far, several studies have investigated the relationship between QT interval with risk of 
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cardiovascular mortality and morbidity [14],[15],[7],[16],[12],[17],[18],[19],[20],[21].that  such studies can be noted 
Padmanabhan, Vanderbijl  and MESA study. However, conflicting results have been obtained in some studies such 
as the Framingham study[22].There is action potential difference between the layers of the heart that QT dispersion 
shows this difference.In fact, this period achieved by subtracting the minimal distance from the greatest distance of 
QT interval and represents the electrical homogeneity of heart cells[23]. The key importance of QT dispersion and 
the dangers of prolonged QT dispersion including ventricular arrhythmia have been identified in several studies, 
including Harjai and colleagues [10],[23],[24],[25]. Other key finding that obtains from an ECG is recognition the 
LBBB and RBBB that has significant importance in patients with ischemic heart disease as well as conduction 
disturbances. In several studies, including Pai and colleagues the association between QT interval and BBB  is 
specified[26],[27],[28],[29]. Echocardiography is a very important instrument in medicine. It is possible to measure 
LVSF  as ejection fraction[LVEF].That the relationship between the QT interval and LVEF has been shown in many 
studies[30],[31],[32].In most of the studies mentioned, the sample consisted of patients with heart failure and in 
some of them, BBB were excluded from the study. But in none of them, all these variables [QT interval, QT 
dispersion, BBB and LVSF] are not considered simultaneously. Therefore, we decided to study the relationship 
between QT dispersion and QT interval with LVSF in BBB. 
 

MATERIALS AND METHODS 
 

Study sample 
This cross-sectional study was done on 40 patients with LBBB and 40 patients with RBBB who admitted between 
March and September 2015to cardiology service of Shafa hospital in Kerman, Iran. 
 
The diagnostic criteria for LBBB were: 
1- QRS duration ≥12O(msec).2-Broad, notched or slurred R waves in leads I,avl,v5,v6.3- small or absent initial r 
waves in right precordial leads (v1,v2)followed by deep s waves.4- Absent septal q waves in leads I,V5,V6.5-
Prolonged time to peak R waves (>60 msec) in v5 ,v6. 
 
The presence of RBBB was based on the following criteria: 
1- QRS duration ≥ 120����	
2-rsŕ ,rsŔorrSŔ patterns in v1,v2. 3- S waves in lead I and V6≥ 40	����	
���.4- 
Normal time to peak R waves in v5, v6 but > 50(msec) in v1. 
 
INSTRUMENTS: 
Demographic data, risk factors, history of cardiovascular disease and medications were collected through face-to 
face interviewwith each patientor their caregivers using structured questionnaire. The exclusion criteria were: 1- 
consumption of drugs that prolong the distance of QT (anti-arrhythmic class III, IA, etc.) at the time of study.2- 
Acute electrolyte disorders (hypokalemia, hypomagnesaemia, hypocalcaemia) .3 - diabetes type one. 4- 
Hypothyroidism. 5- Lesions of central nervous system (brain hemorrhage).6- patients with PPM (permanent 
pacemaker) or CRT (cardiac Resynchronization Therapy ).The dependent variables including QT interval, QT 
dispersion and LVSF were measured as follow. QT interval was defined as highest distance from the start of QRS to 
the end of the T wave. This was corrected using the following equations: 1-Bazett formula (QT max /√R-R). 2-AHA 
formula [QT max + 1.75(HR-60)].  The average values higher than 440 (m sec) considered as prolonged QT 
interval. The QT dispersion was measured as the difference between the longest and shortest QT interval in the 
ECG. The value>56 (m sec) was considered as dispersion. To calculate LVSF, LVEF was measured according to 
Simpson method using trans-thoracic echocardiography. To obtain the severity of  LVSDF,  LVSF was categorized 
as.[normal(EF≥50%),mild LVSDF(EF=40-50%),moderate LVSDF(EF=30-40%),severe LVSDF(EF<30%)]. 

 Statistical analysis 
The results for quantitative and qualitative variables were expressed as mean±standard deviation and frequency/ 
percentage respectively. Paired T-test, student T-test, Chi-square test and univariate linear regression were used to 
compare the variable between two groups. All data were analyzed using SPSS22 software. P-value lower than 0.05 
considered as level of significance.  
 
Ethical considerations: Informed consent was obtained from all participants. All procedures was done free of 
charge for all individuals. The study protocol was reviewed and approved by ethic committee of Kerman University 
of medical sciences (ir.kmu.rec.1394.719). 
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RESULTS 
 

The mean±sd of age in patients with LBBB and RBBB was 62±14.72 years and 60±12.72 years respectively. 55% 
of patients in LBBB group and 25% in RBBB group were women. The difference was significant. (p_value<0.01). 
The average age of the LBBB in subgroup with long QT interval, was 61±13.9 years, with no significant difference 
with his teammate on the RBBB (58±11.8 years).The mean of left ventricular ejection fraction (LVEF) in LBBB 
was significantly lower than RBBB (30%±14.693 vs44%±12.820, P-value<0.0001) (Table 1). Totally 80% of LBBB 
patients had LVSDF while only 45% of RBBB patients had LVSDF. The difference was significant (P<0.001) 
(Table1). The frequency of prolonged QT interval in LBBB is more significant than RBBB. (92.5% VS80% P-value 
=0.02). (Table 1). In both BBB groups prevalence of prolonged QT interval was more significant than normal QT 
interval. (92.5% VS 7.5% in LBBB) and (80 % VS 20% in RBBB). (Table1) .The mean of QT dispersion in the 
LBBB was109±42.475 and in RBBB was 104±40.307 (m sec) the difference was not significant. The entire LBBB 
group and 95% in the RBBB group had QT dispersion. The difference between 2 BBB groups was not significant.  
The average of BazettQT distance in LBBB was significantly higher than RBBB (534.78±81.849Vs496.83±61.729 
msec P-value<0.05).While thedifference of AHA QT interval in two groups was not statistically significant. 
Maximum QT interval in the LBBB was 535.28±81.387 and in the RBBB, was 496.95±61.625 (m sec).  This 
difference was statistically significant. (P-value<0.05)(table1) 

 
(TABLE1)Comparison of left ventricular systolic dysfunction severity, QT interval and QT dispersion inpatients with left and right 

bundle branch block 
 

Variable LBBB RBBB P-Value 
LVEF (mean±sd) 44%±12.820 30%±14.693 <0.0001** 

Severity of LVSDF 
Frequency (%) 

Normal 8(20%) 22(55%) <0.001* 
Mild 4(10%) 10(25%) <0.001 
Moderate 10(25%) 3(7.5%) <0.001 
Severe 18(45%) 5(12.5%) <0.001 

Maximal QT interval 
prolonged 37(92.5%) 32(80%) =0.02* 
Normal 3(7.5%) 8(20%) =0.02 

QT dispersion 
Yes 100% 95% *>0.05 
No 0% 5% >0.05 

QT interval 
mean±sd 

Bazett 534.78±81.849 496.83±61.729 <0.05** 
AHA 493.38±61.488 479.7±50.306 >0.05** 

Maximal QT interval mean ±sd 535.28±81.387 496.95±61.625 <0.05**  
*chisquare test. **Student T-test.  RBBB=right bundle branch block. LBBB=left bundle branch block.LVEF=left ventricular ejection fraction. 

Comparison of QT dispersion, QT interval with both formulas and maximal QT interval between two genders did 
not show significant difference. (table2). 

Table2.  Comparison of QT dispersion and QT interval   between two genders 
 

Variable 
Gender 

P-value 
Female Male 

QT dispersion mean±sd 
LBBB 105.45±43.723 113.33±41.727 >0.05**  
RBBB 100±50.772 105.33±33.114 >0.05** 

QT interval Bazett 
LBBB 544±67.141 523±97.753 >0.05** 
RBBB 496.70±63 496.87±62 >0.05** 

QT interval AHA 
LBBB 496.64±51.975 489.39±72.842 >0.05** 
RBBB 467.20±46 483.03±51 >0.05**  

Maximal QT interval 
LBBB 544.05±67.124 524.56±96.999 >0.05**  
RBBB 496.70±63 497.03±62 >0.05** 

*Chisquare test. **Student T-test.  RBBB=right bundle branch block. LBBB=left bundle branch block. 

Compare the LVSDF in patients with LBBB according to sex showed that the LVSDF is more prevalent in men than 
in women. (89% VS 73%. P-value<0.05). Also in RBBB group the prevalence of LVSDF in men was more than 
women. (53% vs. 20% P-value=0.02).  And severity of LVSDF in men was higher than women. (Table 
3)Comparison of left ventricular ejection fraction in LBBB between men and women showed that the LVEF in men 
is less than women. (24.72%±13.226 vs.35%±14.475).  This difference was significant. (P-value = 0.02). But this 
difference was not significant in RBBB group.(43.33%±12.54 vs. 47.5%±13.79) (Table 3) 
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Table 3.Comparisonof LVSF in LBBB and RBBB in both genders 
 

Variable  
Gender 

P-value 
Female Male 

LVSDF frequency % 

LBBB 

Normal 6(27.3%) 2(11.1%) <0.05* 
Mild 3(13.6%) 1(5.6%) <0.05* 
Moderate 6(27.3%) 4(22.2%) >0.05* 
Severe 7(31.8%) 11(61%) =0.02* 

RBBB 

Normal 8(80%) 14(46.7%) =0.02* 
Mild 1(10%) 9(30%) <0.05* 
Moderate 0(0%) 3(10%) <0.05* 
Severe 1(10%) 4(13.3%) >0.05* 

LVEF mean ±sd 
 LBBB %35±14.47 24.72%±13.22 =0.02** 
 RBBB 47.5%±13.79 43.33%±12.54 >0.05** 

*Chisquare test. **Student T-test.  RBBB=right bundle branch block. LBBB=left bundle branch block. LVEF =left ventricular systolic 
dysfunction. 

 
In LBBB, LVSDF was more prevalent in prolonged QT interval subgroup than normal QT interval. (81% vs. 66%). 
This difference was significant.(P-value<0.01).But in the RBBB group this difference was not significant. (45% vs 
50%). The prevalence of LVSDF in prolonged QT interval cases of LBBB group was more than RBBB. (Table 4).  
In patients with RBBB prevalence of severe LVSDF in prolonged QT interval subgroup was more than normal QT 
 
Interval. (21.87% vs 12.5% p-value <0.05). In LBBBthe frequency of normal LVSF in subgroup with prolonged QT 
interval was less than subgroup with normal QT interval. (18.9% vs. 33%p-value <0.05)(Significant 
difference),while the prevalence of mild to moderate LVSDF was greater in the subgroup with long distance. (8% vs 
0% p-value <0.05) (Significant difference). But in the sub group with severe dysfunction the difference was not 
significant. (Table4)  

 
Table4. Comparison of LVSF in LBBB and RBBB according to QT interval 

 

Variable  
Maximal QT interval 

P-value 
Prolonged Normal 

LVSDF frequency % 

LBBB 

Normal 7 (18.9%) 1 (33.33%) <0.05* 
Mild 3 (8%) 0% <0.05* 
Moderate 5 (13.5%) 0% <0.05* 
Severe 22 (59.4%) 2 (66.66%) <0.05* 
Total 30(81%) 2(66.66%) <0.01* 

RBBB 

Normal 17 (53%) 4 (50%) >0.05* 
Mild 4 (12.5%) 1 (12.5%) >0.05* 
Moderate 4 (12.5%) 2(25%) <0.05* 
Severe 7 (21.87%) 1(12.5%) <0.05* 
Total 15(46.87%) 4(50%) >0.05* 

*Chisquare test. **Student T-testLBBB=left bundle branch block.RBBB=right bundle branch block. LVSDF=left ventricular systolic dysfunction. 
 

DISCUSSION 
 

The entire LBBB group and the majority of the RBBB group have QT dispersion. Also in majority of BBB cases, 
QT interval is prolonged.  So we conclude that BBB (LBBB or RBBB) correlates with abnormal electrical 
homogeneity. The mean of LVEF in LBBB is less than the RBBB group. The majority of cases with LBBB had 
LVSDF but less than half of RBBB cases had LVSDF. The prevalence of moderate to severe LVSDF in patients 
with LBBB is more than the RBBB. So we can say that the prevalence of reduced LVEF, LVSDF and prolonged QT 
interval, in LBBB is more than RBBB. On the other hand LBBB impact on the LVSDF and cardiac electrical 
conduction is greater than RBBB. A reason is that LBB is composed of two fascicles (left anterior and left posterior) 
and greater part of the heart is affected by LBBB than RBBB. So we must face to BBB, especially LBBB, more 
intensive than usual. In the LBBB, the prevalence of LVSDF in prolonged QT interval was more than normal group.  
This finding shows the correlation between QT interval and LVSF in LBBB. But in the RBBB, QT interval 
prolongation, correlates only with severe LVSDF. So we must calculate QT interval in both LBBB and RBBB cases, 
until if it is prolonged, LVEF evaluate with echocardiography. In this way we can diagnose LVSDF in early stages, 
in LBBB or RBBB. The prevalence of severe LVSDF in men with LBBB was more than women.  Also the mean of 
LVEF in patients with LBBB, was lower in men than women. These results show that LBBB impact on the LVSF in 
men is more than women.  
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Several studies have shown an association between increased QT interval and mortality, some of them are: 
Padmanabhan et al. (2003) showed that an increase in QT interval strongly was associated with mortality rate 
particularly in patients with LVSDF. Also, the QT interval greater than 350 (m sec) in at least six leads was 
associated with an increased risk of mortality. This relationship is particularly high in patients with old age as well 
as patients with severe LVSDF (17). Also In our study association between the increase in the QT interval with 
LVSDF, especially in the LBBB group was identified. So we can conclude that the findings obtained in our study 
were associated with increased mortality. In Van der Bijl et al study in2012; the relationship between QT 
prolongation and an increased risk of six months mortality in patients undergoing coronary angiography were 
studied. In this study, patients with BBB were excluded.So the QT prolongation has a direct statistical correlation 
with the occurrence of mortality. Also, the relationship between QT prolongation and decreased LVEF was 
statistically significant (18).In our study as the vanderbijl study the association between the QT interval with 
reduced ejection fraction was significant.  In our study the sample was patients with BBB but in Vanderbijl study the 
cases with BBB were excluded from study. Stoichkov et al in 2007 showed that the patients with ventricular 
arrhythmias had prolonged QT dispersion, greater end diastolic ventricular diameter and lower LVEF than other 
patients (19).in our study almost in all cases with BBB ,QT dispersion was prolonged So according to Stoichkov  
study and our results we can concluded that cases with BBB face with increased risk of cardiac arrhythmias. In 
MESA study for any 10 (m sec) increase in QT interval, incidence of heart failure, cardiovascular events and stroke 
increased in a follow up of 8 years. And it was found that the prolongation of the QT interval was associated with 
increased incidence of cardiovascular events in middle to old age cases without previous cardiovascular disease 
(20).In our study as the above study, prolongation of the QT interval more than 10 (m sec) occurred in both BBB 
groups. So according to our results and MESA study we can conclude that the cases with prolonged QT interval in 
our study are associated with an increased risk of cardiovascular events and stroke incidence. In the other study in 
GREEC in 2013, QT interval was corrected with different equations and was found that at heart rate close to 60 per 
minute, the results were similar. But there was a difference in the too high or too low rate. The most affected 
equation from too high heart rate was Bazzet equation(33). In our study as the mentioned study the most affected 
equation from the heart rate was Bazzet equation. In another study by Talbot et al, was found that there was 
significant increase in QT interval in cases with BBB especially in cases with LBBB. And this amount in the lower 
rate is higher. So in this study, proposed that for better estimation of QT interval, the calculated number of QT 
interval minus 0.07 in LBBB and minus o.o4 in RBBB group be considered (27). As the mentioned study, in our 
study was found that significant increase in QT interval happens in BBB cases especially in LBBB group. But in our 
study LVSF was evaluated furthermore. In the other study on 72 patients with different types of IVCD (intra 
ventricular conduction delay) it was found that QT interval in the RBBB and LBBB is prolonged. and this 
prolongation was due to QRS prolongation more than J.T interval prolongation(34). In our study as the mentioned 
study it was found that QT interval in LBBB and RBBB is prolonged. Pai et al in 2002 showed that there was 
significant association between QT interval and age, heart rate, LV diameters, left atrium diameter, right atrium 
pressure, QRS duration, LBBB and RBBB, mitral or tricuspid valve regurgitation and also reduced LVEF (26). In 
our study as the Pai study, was found significant association between QT interval and LVSF. In the Pai study the 
cases were patients with heart failure, but in our study the cases were patients with BBB with any LVEF. Also in our 
study unlike the Pai study there was not significant association between age and our variables. 
 
Offers: 
1-In another study, QRS and JT intervals be calculated in addition to the QT interval to determine that the QT 
interval is more affected from which one(34),(35). 
2-In addition to these equations (AHA and Bazett) there are other equations that we can corrected QT interval by 
them in another study and then compare the results to determine that which equation is less affected by the heart 
rate. 
3-In the other design, association between QT interval or QT dispersion with other echocardiographic parameters 
like as left ventricular diastolic function, right ventricular function,… be evaluated(36). 
 

CONCLUSION 
 

In patients with bundle branch block (BBB) especially LBBB, there is a direct significant relationship between 
prolonged QT interval and left ventricular ejection fraction (LVEF).So after diagnosis of BBB in ECG, it is better to 
calculate QT interval until if it is prolonged, evaluation of LVEF with echocardiography was done. On the other 
hand, QT interval is a diagnostic key for estimation of left ventricular systolic function in patients with BBB. 
 



Vakili et al Int J Med Res Health Sci. 2016, 5(7S):140-146   
______________________________________________________________________________ 

145 

REFERENCES 
 

[1] Ahnve S. QT interval prolongation in acute myocardial infarction. European heart journal. 1985;6(suppl D):85-
95. 
[2] Bao M, Tan T, Yu S, Chen K, Huang C. [Predictive value of QT interval dynamicity for sudden death in patients 
with idiopathic dilated cardiomyopathy]. Zhonghua xin xue guan bing za zhi. 2010;38(12):1093-7. 
[3] Bazett HC. An analysis of the time-relations of electrocardiograms. Heart. 1920;7:353-70. 
[4] Beinart R, Zhang Y, Lima JA, Bluemke DA, Soliman EZ, Heckbert SR, et al. The QT interval is associated with 
incident cardiovascular events: the MESA study. Journal of the American College of Cardiology. 2014;64(20):2111-
9. 
[5] Chiladakis JA, Kalogeropoulos A, Zagkli F, Koutsogiannis N, Chouchoulis K, Alexopoulos D. Facilitating 
assessment of QT interval duration during ventricular pacing. Europace. 2013;15(6):907-14. 
[6] Das G. QT interval and repolarization time in patients with intraventricular conduction delay. Journal of 
electrocardiology. 1990;23(1):49-52. 
[7] de Bruyne MC, Hoes AW, Kors JA, Dekker JM, Hofman A, van Bemmel JH, et al. Prolonged QT interval: A 
tricky diagnosis? The American journal of cardiology. 1997;80(10):1300-4. 
[8] Dekker JM, Crow RS, Hannan PJ, Schouten EG, Folsom AR. Heart rate-corrected QT interval prolongation 
predicts risk of coronary heart disease in black and white middle-aged men and women: the ARIC study. Journal of 
the American College of Cardiology. 2004;43(4):565-71. 
[9] Dekker JM, Schouten EG, Klootwijk P, Pool J, Kromhout D. Association between QT interval and coronary 
heart disease in middle-aged and elderly men. The Zutphen Study. Circulation. 1994;90(2):779-85. 
[10] Harjai KJ, Samal A, Shah M, Edupuganti R, Nunez E, Pandian NG. The relationship between left ventricular 
shape and QT interval dispersion. Echocardiography. 2002;19(8):641-4. 
[11] Hebert K, Quevedo HC, Tamariz L, Dias A, Steen DL, Colombo RA, et al. Prevalence of conduction 
abnormalities in a systolic heart failure population by race, ethnicity, and gender. Annals of Noninvasive 
Electrocardiology. 2012;17(2):113-22. 
[12] Karjalainen J, Viitasalo M, Mänttäri M, Manninen V. Relation between QT intervals and heart rates from 40 to 
120 beats/min in rest electrocardiograms of men and a simple method to adjust QT interval values. Journal of the 
American College of Cardiology. 1994;23(7):1547-53. 
[13] Kligfield P, Gettes LS, Bailey JJ, Childers R, Deal BJ, Hancock EW, et al. Recommendations for the 
standardization and interpretation of the electrocardiogram: part I: the electrocardiogram and its technology a 
scientific statement from the American Heart Association Electrocardiography and Arrhythmias Committee, 
Council on Clinical Cardiology; the American College of Cardiology Foundation; and the Heart Rhythm Society 
endorsed by the International Society for Computerized Electrocardiology. Journal of the American College of 
Cardiology. 2007;49(10):1109-27. 
[14] Bellavere F, Ferri M, Guarini L, Bax G, Piccoli A, Cardone C, et al. Prolonged QT period in diabetic autonomic 
neuropathy: a possible role in sudden cardiac death? British heart journal. 1988;59(3):379-83. 
[15] Brendorp B, Elming H, Jun L, Køber L, Malik M, Jensen GB, et al. QTc interval as a guide to select those 
patients with congestive heart failure and reduced left ventricular systolic function who will benefit from 
antiarrhythmic treatment with dofetilide. Circulation. 2001;103(10):1422-7. 
[16] Dogan M, Yiginer O, Degirmencioglu G, Un H. Transmural dispersion of repolarization: a complementary 
index for cardiac inhomogeneity. Journal of geriatric cardiology: JGC. 2016;13(1):99. 
[17] Krahn AD, Nguyen-Ho P, Klein GJ, Yee R, Skanes AC, Suskin N. QT dispersion: an electrocardiographic 
derivative of QT prolongation. American heart journal. 2001;141(1):111-6. 
[18] Moss AJ, Schwartz P, Crampton R, Tzivoni D, Locati E, MacCluer J, et al. The long QT syndrome. Prospective 
longitudinal study of 328 families. Circulation. 1991;84(3):1136-44. 
[19] Pai RG, Padmanabhan S. Biological correlates of QT interval and QT dispersion in 2,265 patients with left 
ventricular ejection fraction [le] 40%. Journal of electrocardiology. 2002;35(3):223-6. 
[20] Rautaharju PM, Mason JW, Akiyama T. New age-and sex-specific criteria for QT prolongation based on rate 
correction formulas that minimize bias at the upper normal limits. International journal of cardiology. 
2014;174(3):535-40. 
[21] Wilcox JE, Rosenberg J, Vallakati A, Gheorghiade M, Shah SJ. Usefulness of electrocardiographic QT interval 
to predict left ventricular diastolic dysfunction. The American journal of cardiology. 2011;108(12):1760-6. 
[22] Brooksby P, Batin P, Nolan J, Lindsay S, Andrews R, Mullen M, et al. The relationship between QT intervals 
and mortality in ambulant patients with chronic heart failure. The United Kingdom Heart Failure Evaluation and 
Assessment of Risk Trial (UK-HEART). European heart journal. 1999;20(18):1335-41. 



Vakili et al Int J Med Res Health Sci. 2016, 5(7S):140-146   
______________________________________________________________________________ 

146 

[23] Stoičkov V, Ilić S, Deljanin-Ilić M. Relation between QT dispersion, left ventricle systolic function and 
frequency of ventricular arrhythmias in coronary patients. Srpski arhiv za celokupno lekarstvo. 2007;135(7-8):395-
400. 
[24] Padmanabhan S, Silvet H, Amin J, Pai RG. Prognostic value of QT interval and QT dispersion in patients with 
left ventricular systolic dysfunction: results from a cohort of 2265 patients with an ejection fraction of≤ 40%. 
American heart journal. 2003;145(1):132-8. 
[25] Rautaharju PM, Zhou SH, Wong S, Prineas R, Berenson GS. Functional characteristics of QT prediction 
formulas. The concepts of QT max and QT rate sensitivity. Computers and biomedical research. 1993;26(2):188-
204. 
[26] Luo S, Michler K, Johnston P, Macfarlane PW. A comparison of commonly used QT correction formulae: the 
effect of heart rate on the QTc of normal ECGs. Journal of electrocardiology. 2004;37:81-90. 
[27] Sagie A, Larson MG, Goldberg RJ, Bengtson JR, Levy D. An improved method for adjusting the QT interval 
for heart rate (the Framingham Heart Study). The American journal of cardiology. 1992;70(7):797-801. 
[28] Schwartz P, Wolf S. QT interval prolongation as predictor of sudden death in patients with myocardial 
infarction. Circulation. 1978;57(6):1074-7. 
[29] Tabatabaei P, Keikhavani A, Haghjoo M, Fazelifar A, Emkanjoo Z, Zeighami M, et al. Assessment of QT and 
JT Intervals in Patients With Left Bundle Branch Block. Research in Cardiovascular Medicine. 2016;5(2). 
[30] Erikssen G, Liestøl K, Gullestad L, Haugaa KH, Bendz B, Amlie JP. The terminal part of the QT interval (T 
peak to T end): a predictor of mortality after acute myocardial infarction. Annals of Noninvasive Electrocardiology. 
2012;17(2):85-94. 
[31] Funck-Brentano C, Jaillon P. Rate-corrected QT interval: techniques and limitations. The American journal of 
cardiology. 1993;72(6):B17-B22. 
[32] Goldberg RJ, Bengtson J, Chen Z, Anderson KM, Locati E, Levy D. Duration of the QT interval and total and 
cardiovascular mortality in healthy persons (The Framingham Heart Study experience). The American journal of 
cardiology. 1991;67(1):55-8. 
[33] Robbins J, Nelson JC, Rautaharju PM, Gottdiener JS. The association between the length of the QT interval and 
mortality in the Cardiovascular Health Study. The American journal of medicine. 2003;115(9):689-94. 
[34] Talbot S. QT interval in right and left bundle-branch block. British heart journal. 1973;35(3):288. 
[35] Van der Bijl P, Heradien M, Doubell A, Brink P. QTc prolongation prior to angiography predicts poor outcome 
and associates significantly with lower left ventricular ejection fractions and higher left ventricular end-diastolic 
pressures. Cardiovascular journal of Africa. 2012;23(10):541. 
[36] Zhang Y, Post WS, Blasco-Colmenares E, Dalal D, Tomaselli GF, Guallar E. Electrocardiographic QT interval 
and mortality: a meta-analysis. Epidemiology (Cambridge, Mass). 2011;22(5):660. 
 


