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Abstract
Objective: We sought to investigate the possible association of a wide QRS-T angle on the surface EKG
and myocardial fibrosis on contrast-enhanced cardiovascular magnetic (CMR) imaging in patients with
hypertrophic cardiomyopathy (HCM).
Background: Risk stratification in HCM patients is challenging. Late gadolinium enhancement (LGE)
visualizes myocardial fibrosis with unique spatial resolution and is a strong and independent
prognosticator in these patients. The QRS-T angle from the surface EKG is a promising prognostic
marker in various cardiac pathologies.
Methods: 70 patients with HCM obtained a standardized digital 12-lead EKG for the calculation of the
QRS-T angle and underwent comprehensive CMR imaging for visualization of fibrosis by LGE. Patients
were divided into groups according to the absence or presence of fibrosis on CMR.
Results: 43 of 70 patients with HCM showed LGE on CMR following contrast administration. HCM
patients with LGE (fibrosis) had wider QRS-T angles as compared to the patient group without LGE
(100±54 vs. 46±31; <0.001). A QRS-T angle of 90 degrees or more was a strong predictor (OR 32.84, CI
4.08-264.47; p <0.001) of HCM with LGE.
Conclusion: There is a strong association of a wide QRS-T angle and myocardial fibrosis in patients with
HCM.
Key words: QRS-T angle; cardiovascular magnetic resonance; late gadolinium enhancement; fibrosis;
hypertrophic cardiomyopathy

Introduction
Hypertrophic cardiomyopathy (HCM) is the
most common genetic cardiac disease characterized
by left ventricular hypertrophy [1]. Although the
majority of patients are asymptomatic, a small but
significant number of patients are at risk of sudden
cardiac death (SCD) with a mortality rate of 0.5 to 2%
per year [2]. HCM is a common cause of SCD in
adolescents in general, and competitive athletes in

particular [3,4]. For these reasons identification of
patients at risk and prophylactic defibrillator
placement is of utmost importance. Clinical risk
factors include massive left ventricular hypertrophy
(LVM) of ≥ 30 mm, abnormal blood pressure response
to exercise, a family history of HCM with SCD,
unexplained syncope and non-sustained ventricular
tachycardia on Holter monitoring. Unfortunately the
http://www.medsci.org
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prognostic yield of these risk factors for primary
prevention alone or in combination (score) is low
[5,6]. Late gadolinium enhancement (LGE), however,
visualizes myocardial fibrosis with unique spatial
resolution and is a strong and independent
prognosticator in these patients [7]. The QRS-T angle
can be easily calculated from every routine digital
surface EKG and has shown its prognostic potential in
various clinical settings [8,9].
We sought to investigate the association of
fibrosis (LGE), the morphologically substrate of
life-threatening arrhythmias in HCM, and the QRS-T
angle a simple prognostic parameter from routine
EKG.

Methods
We consecutively enrolled patients with known
HCM admitted for further risk stratification by CMR
to the CV Imaging Section of our Department of
Cardiology and Angiology at Elisabeth Hospital
Essen Germany. HCM was defined by the presence of
left ventricular hypertrophy with an end diastolic
septal thickness of 13 mm or more, occurring in the
absence of secondary causes such as hypertension,
aortic valve stenosis or phenocopy conditions (e.g.
storage disease, skeletal myopathy). A standardized
12-lead digital EKG using a Schiller Cardiovit AT 102
plus® was recorded at a speed of 50 mm/s speed with
10mm/mV for the limb and precordial leads.
Computerized values of QRS and T-wave axis were
automatically given by the Schiller AT 102 plus®
software. The frontal QRS-T-angle was calculated as
the absolute difference between the frontal QRS- and
frontal T-wave axes and expressed as absolute values
[10].
CMR images were acquired on a 1.5 Tesla MR
System (Magnetom Avanto™, Siemens Medical
Solutions,
Erlangen,
Germany)
during
end-inspiratory breath-holding using a phased-array
receiver coil. Three long axis and 6 to 8 contiguous
short axis cine images were acquired by using a
steady-state free precession (SSFP: TR 3.2 ms, TE 1.3
ms, matrix 192 × 174, flip angle 80°, bandwidth 930
Hz/pixel, slice thickness 6 mm) sequence covering the
entire left ventricle [11]. LGE imaging was performed
at least 10 minutes following the i.v. administration of
0.15 mmol/kgBW gadoterate meglumine in
corresponding long and short axis views by using a
segmented
inversion-recovery
gradient
echo
sequence (T1w-IR-FLASH: TR 3.1 ms, TE 2.33 ms,
matrix 256 × 116, flip angle 30°, bandwidth 300
Hz/pixel, slice thickness 6 mm). The inversion time
was adjusted to null the signal of normal myocardium
as described previously [12].
LV function was analyzed by outlining
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epicardial and endocardial borders on the short axis
cine sequences. Left ventricular volumes and ejection
fraction were derived from contour summation.
Maximum wall thickness was evaluated in all
end-diastolic short axis cine images. The extent of late
gadolinium enhancement was assessed on short axis
contrast images by planimetry of hyperenhanced
pixels with a signal intensity of 2 standard deviation
above normal remote myocardium, calculated by
summation of disc method and expressed as percent
of total left ventricular mass.

Statistical analysis
Continuous variables are presented as mean ±
standard deviation and compared with the two-way
ANOVA test. Categorical variables are presented as
numbers and percentages and compared with the
chi-square test. Mean QRST angle with 95%
confidence interval are presented as a Box-Plotdiagram (Figure 2). Differences between groups were
analyzed by the two-way ANOVA test. Univariate
predictors of the presence of myocardial fibrosis on
contrast CMR were analyzed using the chi-square test
and expressed as hazard ratio (HR) with 95%
confidence interval (CI). Multivariate binary logistic
regression was performed to identify independent
predictors of myocardial fibrosis on contrast CMR. All
variables with an univariate p-value <0.05 were
included in the final multivariate model. Results of
the binary logistic regression model are presented in
the same way as the variables in univariate analysis.
The correlation between the QRS-T angle and the
extent of fibrosis in CMR (fibrosis in percent of LV
mass) was tested by pearsons correlation coefficient.
All reported p-values are two-sided and a p-value
<0.05 was considered statistically significant. All
statistical analyses were performed with IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, N.Y.,
USA).

Results
70 consecutive patients (42 male, age 67.7±14.8
years) with HCM were enrolled. Patients were
divided into two groups according to the presence
(n=43) or absence (n=27) of myocardial fibrosis (LGE)
on contrast CMR. Patients with fibrosis had a wider
QRS-T angle as compared to patients without fibrosis
(100°±54° vs. 46°±31°; <0.001). 24 of 43 patients in the
fibrosis group had a QRS-T angle of 90° or more,
whereas only 1 of 27 patients in the non-fibrosis group
displayed a pathologic QRS-T angle. For clinical
examples, also see Figure 1.
There were no differences with regards to age,
gender, NYHA class and ejection fraction. Patients
with myocardial fibrosis had greater maximum wall
http://www.medsci.org
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thickness (21.9±9.1 vs. 17.0±2.8; 0.009). There were no
differences in QRS-T angle for each single clinical risk
factor (syncope of unknown origin, massive left
ventricular hypertrophy ≥30 mm, non-sustained
ventricular tachycardia, family history of SCD, LVOT
obstruction) between HCM with and without fibrosis
(Table 1). As the number of risk factors increases, the
QRS-T angles increase numerically between groups
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but missed significance niveau (p=0.881) (Figure 2).
In a multivariate analysis a QRS-T angle of 90° or
more is a strong predictor [HR 32.84 (4.08-264.47);
<0.001] of HCM with myocardial fibrosis. There was a
moderate correlation between the QRS-T angle on
ECG and myocardial fibrosis defined by LGE. With
increasing QRS-T angle the extent of myocardial
fibrosis increased (R=0.475, p<0.001).

Figure 1. Patient A: basal end-diastolic LGE image showing moderate asymmetric LVH (15 mm MWT), no LGE, QRS-T angle 18°. Patient B: corresponding LGE image showing
massive septal LVH (26 mm MWT), typical mid-myocardial LGE pattern in the interventricular septum (arrows). MWT maximum wall thickness, LVH left ventricular
hypertrophy. LGE late gadolinium enhancement.

Figure 2. QRS-T angle and number of clinical risk factors (syncope of unknown origin, massive left ventricular hypertrophy ≥30 mm, non-sustained ventricular tachycardia, family
history of SCD, LVOT obstruction); differences of mean QRS-T angle between groups were non-significant, p= 0.881.
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Table 1. Baseline, ECG and CMR data stratified according
presence of myocardial fibrosis
Parameter

Age (y)
Male gender (%)
NYHA class
Syncope of unknown origin
(%)
MWT ≥30 mm (%)
NSVT (%)
Family history of SCD (%)
LVOT obstruction (%)
EKG data
PQ (ms)
QRS duration (ms)
QRS-T angle
QRS-T angle ≥ 90°
MRI data
Ejection fraction (%)
MWT (mm)
Outflow tract obstruction
(%)
Presence of SAM (%)
Fibrosis % LV Mass

Study
population
(n= 70)
67.7±14.8
60.0
1.4±0.8
11.4

HCM with
fibrosis
(n= 43)
67.1±14.6
60.5
1.4±0.8
11.6

HCM without p-value
fibrosis (n= 27)
68.5±15.5
59.3
1.2±0.7
11.1

0.715
1.000
0.283
1.000

2.9
8.6
12.9
24.3

4.7
11.6
13.9
20.9

0.0
3.7
11.1
29.6

0.519
0.394
1.000
0.568

176±41
98±17
79±53

176±43
100±17
100±54

177±39
96±16
46±31

0.876
0.300
<0.001*

63.2±9.8
20.0±7.7
52.9

62.7±10.4
21.9±9.1
46.5

64.1±8.9
17.0±2.8
62.9

0.558
0.009*
0.223

38.5
2.6±3.7

34.9
4.3±3.8

44.4
0.0±0.0

0.458
<0.001*

HCM: hypertrophic cardiomyopathy; MWT: maximum wall thickness; NSVT:
non-sustained ventricular tachycardia; SCD: sudden cardiac death; LVOT: left
ventricular outflow tract; SAM: systolic anterior movement. *Highlights statistical
significant differences between groups.

Table 2. Predictors of myocardial fibrosis on CMR
Characteristics
HR
Univariate analysis
Age (years)
0.99
Ejection fraction (%) 0.99
MWT (mm)
1.34
QRS-T angle°
1.03
Multivariate analysis
MWT (mm)
1.29
QRS-T angle°
1.02
QRS-T angle ≥90
32.84

95% CI

p value

0.96-1.03
0.94-1.04
1.11-1.61
1.01-1.04

0.711
0.553
0.002
<0.001

1.06-1.04
1.00-1.04
4.08-264.47

0.012
0.002
<0.001

MWT: maximum wall thickness.

Discussion
Our study shows that in a population of patients
with HCM fibrosis visualized by contrast-enhanced
CMR is associated with a wide frontal QRS-T angle on
the surface EKG.
The QRS-T angle as derived from vectorcardiography represents the spatial angle between the
QRS loop (depolarization) and T loop (repolarization)
and thus indicates electrical instability. In several
cardiovascular patient groups the QRS-T angle has
been shown to contribute substantially to risk
stratification of SCD [13,14,15,16,17]. In addition, the
QRS-T angle helps to identify patients with HCM:
Potter et al. found that adding the QRS-T angle to
standard EKG criteria improved the differentiation of
56 HCM patients from age-matched endurance
athletes and healthy controls [18]. Cortez et al. used

the QRS-T angle to more accurately predict HCM as
compared to Italian pre-participation criteria and the
Seattle criteria in 130 pediatric patients with HCM
[19]. Risk stratification by QRS-T angle has been
addressed in a study by Cortez et al.: The QRS-T angle
performed best for the identification of 20 patients
with sustained ventricular arrhythmias out of 100
patients with HCM [20].
Late gadolinium enhancement visualizes HCM
with myocardial fibrosis, the border zones of which
reflect the morphological substrate for the re-entrant
pathways of ventricular tachycardias. Early CMR
studies were able to demonstrate a correlation of
myocardial fibrosis on contrast CMR and ventricular
tachycardia [21,22]. More recently the presence and
extent of late gadolinium enhanced has been related
to outcome in a few studies [23,24]. In a group of 1293
HCM patients and a median follow-up of 3.3 years
Chan et al. demonstrated a 2-fold increase in SCD for
a LGE of ≥15% of LV mass [25].
Shi et al. found that in 66 patients with reduced
LV function before ICD placement LGE positive
patients had a larger QRS-T angle [26]. However and
to the best of our knowledge this is the first study
about the association of fibrosis CMR and QRS-T
angle in HCM.
In our study 24 of 25 (96%) patients with QRS-T
angle ≥90° had myocardial fibrosis on CMR, whereas
26 of 45 (58%) patients with QRS-T angle <90° did not
display fibrosis. Overall, the extent of fibrosis
increased with increasing QRS-T angles on ECG.
However, several limitations of our study have to be
taken into account. Our study is retrospective analysis
in a small patient group, no advanced CMR tissue
mapping techniques were used and follow-up was
not performed.
In conclusion, a QRS-T angle of 90 degrees or
more is strongly associated with advanced disease as
indicated by fibrosis on contrast-enhanced CMR. Our
study adds to a growing body of literature about the
prognostic potential of the QRS-T angle in various
cardiomyopathies. Of course prospective studies in a
larger HCM patient population are needed to
investigate the prognostic impact of the QRS-T angle
in this specific group of patients.

Competing Interests
The authors have declared that no competing
interest exists.

References
1.

2.

Maron BJ, Pelliccia A, Spirito P. Cardiac disease in young trained athletes.
Insights into methods for distinguishing athlete’s heart from structural heart
disease, with particular emphasis on hypertrophic cardiomyopathy.
Circulation 1995;91:1596–601.
Elliott PM, et al. Historical trends in reported survival rates in patients with
hyper-trophic cardiomyopathy. Heart 2006;92:785-791.

http://www.medsci.org

Int. J. Med. Sci. 2021, Vol. 18
3.
4.
5.
6.
7.
8.

9.
10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

825

Maron BJ, Shirani J, Poliac LC, Mathenge R, Roberts WC, Mueller FO. Sudden
death in young competitive athletes. Clinical, demographic, and pathological
profiles. Jama. 1996; 276:199–204.
Bagnall RD, et al. A prospective study of sudden cardiac death among
children and young adults. The New England Journal of Medicine. 2016;
374:2441–2452.
Elliott PM, et al. Sudden death in hypertrophic cardiomyopathy: identification
of high risk patients. J Am Coll Cardiol 2000;36:2212–8.
Spirito P, Seidman CE, McKenna WJ, Maron BJ. The management of
hypertrophic cardiomyopathy. N Engl J Med 1997;336:775–85.
Green JJ, Berger JS, Kramer CM, Salerno M. Prognostic value of late
gadolinium enhancement in clinical outcomes for hypertrophic
cardiomyopathy. JACC Cardiovasc Imaging. 2012;5(4):370‐377.
Zhang ZM, Prineas RJ, Case D, Soliman EZ, Rautaharju PM; ARIC Research
Group. Comparison of the prognostic significance of the electrocardiographic
QRS/T angles in predicting incident coronary heart disease and total mortality
(from the atherosclerosis risk in communities study). Am J Cardiol.
2007;100(5):844–849.
Aro AL, et al. QRS-T angle as a predictor of sudden cardiac death in a middleaged general population. Europace. 2012;14(6):872–876.
Oehler A, Feldman T, Henrikson CA, Tereshchenko LG. QRS-T angle: a
review. Ann Noninvasive Electrocardiol. 2014;19(6):534–542.
Kramer CM, Barkhausen J, Bucciarelli-Ducci C, Flamm SD, Kim RJ, Nagel E.
Standardized cardiovascular magnetic resonance imaging (CMR) protocols:
2020 update. J Cardiovasc Magn Reson. 2020;22(1):17.
Simonetti OP, et al. An improved MR-imaging technique for the visualization
of myocardial infarction. Radiology 2001;218:215–23.
de Torbal A, et al. The electrical T-axis and the spatial QRS-T angle are
independent predictors of long-term mortality in patients admitted with acute
ischemic chest pain. Cardiology. 2004;101:199–207.
Kardys I, Kors JA, van der Meer IM, Hofman A, van der Kuip DA, Witteman
JC. Spatial QRS-T angle predicts cardiac death in a general population. Eur
Heart J. 2003;24(14):1357‐1364.
Kors JA, et al. Spatial QRS-T angle as a risk indicator of cardiac death in an
elderly population. J Electrocardiol. 2003;(36 suppl):113–114.
Rautaharju PM, Kooperberg C, Larson JC, LaCroix A. Electrocardiographic
abnormalities that predict coronary heart disease events and mortality in
postmenopausal women: the Women's Health Initiative. Circulation.
2006;113(4):473-480.
Yamazaki T, Froelicher VF, Myers J, Chun S, Wang P. Spatial QRS-T angle
predicts cardiac death in a clinical population. Heart Rhythm. 2005;2(1):73‐78.
Potter SL, et al. Detection of hypertrophic cardiomyopathy is improved when
using advanced rather than strictly conventional 12-lead electrocardiogram. J
Electrocardiol. 2010;43:713–718.
Cortez D, et al. The spatial QRS-T angle outperforms the Italian and Seattle
ECG-based criteria for detection of hypertrophic cardiomyopathy in pediatric
patients. J Electrocardiol. 2015;48:826–833.
Cortez D, Graw S, Mestroni L. In Hypertrophic Cardiomyopathy, the Spatial
Peaks QRS-T Angle Identifies Those With Sustained Ventricular Arrhythmias.
Clin Cardiol. 2016;39(8):459–463. doi:10.1002/clc.22549.
Adabag AS, et al. Occurrence and frequency of arrhythmias in hypertrophic
cardiomyopathy in relation to delayed enhancement on cardiovascular
magnetic resonance. J Am Coll Cardiol 2008;51:1369–74.
Leonardi S, et al. Usefulness of cardiac magnetic resonance in assessing the
risk of ventricular arrhythmias and sudden death in patients with
hypertrophic cardiomyopathy. Eur Heart J 2009;30:2003–10.
Bruder O, et al. Myocardial scar visualized by cardiovascular magnetic
resonance imaging predicts major adverse events in patients with
hypertrophic cardiomyopathy. J Am Coll Cardiol. 2010;56(11):875–887.
O'Hanlon R, et al. Prognostic significance of myocardial fibrosis in
hypertrophic cardiomyopathy. J Am Coll Cardiol. 2010;56(11):867–874.
Chan RH, et al. Prognostic value of quantitative contrast-enhanced
cardiovascular magnetic resonance for the evaluation of sudden death risk in
patients with hypertrophic cardiomyopathy. Circulation. 2014;130(6):484–495.
Shi B, Ferrier KA, Sasse A, Harding SA, Larsen PD. Correlation between
vectorcardiographic measures and cardiac magnetic resonance imaging of the
left ventricle in an implantable cardioverter defibrillator population. J
Electrocardiol. 2014;47(1):52‐58.

http://www.medsci.org

