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Abstract
Background: The objective of our study was to assess the clinical application of the spatial QRS-T angle
for the prediction of pulmonary arterial hypertension (PAH) in patients with acute pulmonary embolism.

Methods: The study group of 162 patients with acute pulmonary embolism was stratified on the basis of
color doppler echocardiographic findings into two subgroups: non-PAH group (n = 92) and PAH group (n
= 70). Then PAH group patients were strati�ed into mild, moderate, and severe PAH group. Independent t-
test was used to compare the indexes of non-PAH group and PAH group. One-way ANOVA was used to
compare the indexes of mild, moderate, and severe PAH group. Pearson correlation analysis was used to
evaluate the significance of the correlation between acute pulmonary arterial systolic pressure (PASP)
and spatial QRS-T angle.

Results: The spatial QRS-T angle was larger in patients with PAH than those with non-PAH
(109.010±30.970° VS 68.098±18.010°, P < 0.05). Significant differences of spatial QRS-T angle values
were found between patients with mild, moderate and severe PAH (73.714±15.716°, 104.790±20.675°,
139.57±23.196°, respectively, P < 0.05). There was a positively linear correlation between the spatial QRS-
T angle and PASP in patients with PAH.

Conclusions: Spatial QRS-T angle are potentially useful for differentiation between acute pulmonary
embolism patients with PAH from those without PAH, and possibly also for predicting PASP in acute
pulmonary embolism patients.

Background
Acute pulmonary embolism is a frequent cause of cardiovascular morbidity and mortality [1]. Pulmonary
arterial hypertension (PAH) is a progressive and debilitating condition associated with a sustained
increase in pulmonary artery pressure that results from excessive vasoconstriction and remodeling of the
pulmonary arteries [2]. Residual PAH persists in acute pulmonary embolism [3]. People who has PAH is
easy to develop right heart failure and lead to death [4]. Its diagnosis is often delayed, with more than
20% of patients with PAH being symptomatic for more than 2 years before PAH is diagnosed [5]. Right
heart catheterization is the gold standard to con�rm a diagnosis of PAH. However, its wide application is
limited by its invasive feature. Therefore, clinically, most PAH evaluations are based on tricuspid
regurgitation velocity by echocardiography. However, this assessment may be affected by cardiac cycle,
breathing and operators' manipulation. Electrocardiogram (ECG) is one of the �rst tests to be performed
in the emergency department when a patient presents with cardiac or respiratory symptoms. It is a rapidly
interpretable, noninvasive test with minimal associated risk or cost, and it is available in remote areas
where modern technology may not be. It can re�ect the changes of cardiac structure and hemodynamics
caused by PAH in patients with pulmonary embolism from the perspective of cardiac electrical activity,
and has important electrophysiological signi�cance. By vectorcardiography, one can measure a spatial
angle between depolarization and repolarization, speci�cally a spatial angle between the spatial QRS
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vector and spatial T vector, namely spatial QRS-T angle [6]. The spatial QRS-T angle has been shown to
be associated with sudden cardiac death, ventricular arrhythmia and heart failure. Furthermore, the
spatial QRS-T angle has been shown to be increased in patients with various cardiac risk factors,
including smoking, diabetes and hypertension [7]. Henkens et al. reported that in Wistar rats with
experimentally induced-PAH can be detected with increased spatial QRS-T angle [8]. The aim of the study
was to assess the clinical application of the spatial QRS-T angle for the prediction of PAH in patients with
acute pulmonary embolism.

Methods

Study population
We studied patients with acute pulmonary embolism according to 2014 ESC Guidelines on the diagnosis
and management of acute pulmonary embolism [9] in our hospital between June 2017 and June 2019.
The exclusion criteria encompassed intraventricular conduction disturbances (the right or left bundle
branch block, non-speci�c intraventricular conduction block), atrial �brillation or �utter during ECG
recordings, other types of arrhythmia (e.g. numerous ventricular and supraventricular extra beats)
disturbing the analysis of ECG recordings, heart stimulation, old myocardial infarction, chronic heart
failure, chronic obstructive pulmonary disease, chronic respiratory failure, chronic kidney diseases (stages
3–5), liver failure, acute infectious diseases. All of the subjects gave their informed consent, and the
study was approved by the Local Ethics Committee.

162 consecutive patients collected were evaluated with a color Doppler echocardiography, and de�ned as
non-PAH group (92 patients), PAH group (70 patients). The averaged anthropometric and physiological
parameters of the participants were given in Table 1. The PAH group comprised of 14 patients with mild
PAH, 35 patients with moderate PAH and 21 patients with severe PAH.
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Table 1
Baseline characteristics of acute pulmonary arterial hypertension (PAH) group and non-PAH group

subjects
Variable PAH group non-PAH group P

N 70 92  

Male/female 33/37 52/40  

Age, years 65.957 ± 9.227 67.652 ± 11.932 0.326

Height, cm 163.390 ± 8.196 164.570 ± 7.231 0.333

Weight, kg 56.614 ± 10.660 57.957 ± 14.475 0.515

Resting HR, beats/minute 100.240 ± 17.423 97.478 ± 18.498 0.335

Resting SBP, mmHg 129.940 ± 22.153 125.050 ± 18.489 0.128

Resting DBP, mmHg 87.214 ± 8.915 85.174 ± 8.054 0.129

Blood glucose, mmol/L 5.260 ± 0.298 5.203 ± 0.244 0.182

Total cholesterol, mmol/L 4.313 ± 0.691 4.199 ± 0.556 0.247

LDL cholesterol, mmol/L 2.721 ± 0.653 2.646 ± 0.556 0.428

HDL cholesterol, mmol/L 1.170 ± 0.356 1.086 ± 0.246 0.078

Triglycerides, mmol/L 1.613 ± 0.652 1.450 ± 0.671 0.125

Creatinine, umol/L 68.709 ± 11.940 69.710 ± 9.485 0.553

Note: The results were given as means ± SD. SD indicates standard deviation. HR = heart rate; SBP = 
systolic blood pressure; DBP = diastolic blood pressure; LDL = low-density lipoprotein; HDL = high-
density lipoprotein.

Experimental protocol
The assessment of pulmonary artery systolic pressure (PASP) using transthoracic color doppler
echocardiography

Echocardiograms were performed by one technician using a Philips Sonos 5500 with a 3.2 MHz
transducer (Philips Medical Systems, Andover, MA, USA). PASP was obtained from the formula: PASP = 
RAP + 4V2, RAP was right atrial pressure and the V refers to velocity of tricuspid regurgitation. RAP was
estimated by evaluating the inferior vena cava (IVC) size and change with respiration. Brie�y, RAP was
estimated to be 5 mmHg when the IVC diameter was less than 20 mm and the collapsibility greater than
50%; 10 mmHg when IVC diameter was less than 20 mm and collapsibility less than 50%; 15 mmHg
when IVC diameter was greater than 20 mm and collapsibility greater than 50%; and 20 mmHg when IVC
diameter was greater than 20 mm and collapsibility less than 50%. PAH was de�ned as PASP beyond
37 mmHg. Patients were strati�ed according to the classi�cation of PAH into those with normal
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pulmonary arterial systolic pressure (< 37 mm Hg), and mild (37–40 mm Hg), moderate (41–70 mm Hg),
and severe (> 70 mm Hg) PAH [3, 10, 11].

Three-dimensional Vectorcardigram Analysis
SCA-II type three-dimensional vectorcardiogram (VCG) (Beijing Cadiz Medical Technology Co., Ltd, Beijing,
China) was applied. A baseline 12-lead ECG and VCG were recorded (paper speed 25 mm/s, gain
10 mm/mV). The ECG and VCG were recorded on a Wilson system and Frank orthogonal lead system,
respectively. In order to exclude the effect of respiration on QRS complex, the ECG and VCG were recorded
when the patient was breath holding (three complexes were recorded). The measured data were mean
value calculated from three QRS complexes. The data from each patient were acquired digitally and
analyzed by two independent cardiologists who were also blinded to the transthoracic echocardiography
results and patients’ symptoms and signs.

Observed index
Maximum QRS and T vectors were computed for each patient from their averaged QRS-T complexes. The
spatial QRS-T angle is an angular difference between the maximum QRS vector and maximum T vector.
Usually, the degree from QRS maximum vector clockwise to T maximum vector is positive, and vice versa.

Statistical analysis
The results were given as mean ± standard deviation. Independent t-test was used to compare the indexes
of non-PAH group and PAH group. One-way ANOVA was used to compare the indexes of mild, moderate,
and severe PAH group. When the ANOVA was signi�cant, the differences between mild, moderate, and
severe PAH group were tested by the SNK comparisons test. The correlation between the spatial QRS-T
angle and PAH was analyzed by using pearson correlation analysis. Correlation coe�cient (r) ≥ 0.7 can
be considered highly correlated; 0.4 ≤ r < 0.7 can be considered moderately correlated. 0.2 ≤ r < 0.4 can be
considered low correlated. All statistical analysis were performed using SPSS 16.0. A P-value < 0.05 was
considered signi�cant.

Results

Study population
The averaged anthropometric and physiological parameters of the participants were given in Table 1.
There were no statistically signi�cant differences between the two groups.

Comparison of spatial QRS-T angle in study subgroups
The spatial QRS-T angle was larger in patients with PAH than those with non-PAH (109.010 ± 30.970° VS
68.098 ± 18.010°, P < 0.05), see Fig. 1. There were 84 patients with PAH, including 14 patients with mild,
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48 with moderate, and 22 with severe PAH. Signi�cant differences of spatial QRS-T angle values were
found between patients with mild, moderate and severe PAH (73.714 ± 15.716°, 104.790 ± 20.675°,
139.57 ± 23.196°, respectively, P < 0.05), see Fig. 2.

The correlation between the spatial QRS-T angle and PAH
There was a positively linear correlation between the spatial QRS-T angle and PASP in patients with PAH
(r = 0.676, P < 0.05), see Fig. 3. The PASP increase was moderately associated with a increase in QRS-T
angle.

Discussion
Acute pulmonaryembolism is one of the most frequent cardiovascular causes of death [1].
Thromboembolic PAH causes high morbidity worldwide, and its diagnosis and treatment remain
challenging. Residual PAH persists in both acute and chronic embolism [3, 12]. Approximately 80% of
patients with acute pulmonary embolism suffer from PAH [3]. Acute pulmonary embolism-induced PAH
results from the interaction of at least three main factors: the mechanical obstruction of pulmonary
vessels, general pulmonary arteriolar constriction attributable to a neurogenic re�ex, and the release of
vasoconstrictors by activated platelets, leukocytes, and endothelial and lung cells [13]. The most
common cause of death in acute pulmonary embolism is right heart failure [14]. After acute pulmonary
embolism, pulmonary circulation resistance increased in a short time, right ventricular afterload increased
sharply, and cardiac structural changes mainly occurred with right ventricular enlargement; persistent
hypoxia further aggravated pulmonary artery pressure, hemodynamic deterioration, and then aggravated
right ventricular load and dysfunction gradually appeared.

VCG has reemerged with the advent of digital electrocardiography. VCG visualizes movement of the heart
vector through cardiac cycle as loops. The QRS loop re�ects depolarization, whereas the T loop re�ects
repolarization. By VCG, one can measure a spatial angle between depolarization and repolarization,
speci�cally a spatial angle between the spatial QRS vector and spatial T vector, namely spatial QRS-T
angle [6, 15]. While normal ranges for spatial QRS-T angle vary by method and by study, most studies
have suggested that normal values lie below 100°-110° for men and below 90° for women. Of note, an
increased spatial QRS-T has been reported as an independent predictor of cardiac arrhythmias and
sudden cardiac death [16]. Several pathologies increase spatial QRS-T angle. In the Rotterdam Study,
spatial QRS-T angle 105° was noted in 20% of diabetic patients [17]. In patients with chronic kidney
diseases, both disease duration and poor outcome of dialysis is associated with increased spatial QRS-T
angle [18]. Severe coronary atherosclerosis is also an independent predictor of increased QRS-T both in
patients with chronic kidney diseases and in patients with isolated coronary artery disease [18, 19].
Additionally, some anaesthetics and sedatives can affect VCG and increase risk of sudden cardiac death.
Interestingly, rapidly induced intraabdominal hypertension to 15 mmHg also acutely increases spatial
QRS-T angle to above 100° in some healthy young women undergoing elective gynaecological
laparoscopy [20]. In this present study, it showed spatial QRS-T angle values are signi�cantly higher in
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patients with PAH than in non-PAH. The moderately positive correlation between PASP and QRS-T angle
was signi�cant (r = 0.676, P < 0.05). Henkens et al. carried out experimental study on Wistar PAH rats
which also showed increased spatial QRS-T angle can help the recognition of PAH [8]. Therefore, the
angle of QRS-T is helpful to objectively evaluate the changes of the disease, and take effective treatment
measures as soon as possible to improve the prognosis of patients.

The mechanisms of QRS-T angle change in PAH are as follows: (1) The effect of PAH on ventricular
depolarization: QRS maximum vector is the maximum instantaneous integrated ECG vector generated
during ventricular depolarization, which usually occurs at 0.04 s in normal conditions and is produced by
left ventricular lateral wall and right ventricular basal depolarization. In the early stage of acute
pulmonary embolism, pulmonary trunk and cone of pulmonary artery and supraventricular ridge (the last
depolarization part of right ventricle) were dilated, which made the maximum vector of QRS shift
backward [21, 22]. With the increase of pulmonary artery pressure, the right ventricular afterload gradually
increased, and the maximum vector of QRS gradually shifted backward to the right. When the right
ventricle expands and hypertrophy causes the right power to exceed the left power, the QRS maximum
vector moves to the right rear. (2) The effect of PAH on repolarization: PAH can signi�cantly slow down
the repolarization velocity of the endocardial surface at the site (right ventricular basement) where the
systolic pressure of the right ventricle is signi�cantly increased, resulting in repolarization vectors
deviating from the endocardial surface [23, 24]. The direction of change of T vectors caused by the
repolarization vectors tends to change with the in�uence of the above analysis on QRS vectors
(codirectional change). Therefore, the change of QRS-T angle is helpful for the analysis of PAH in
patients with acute pulmonary embolism.

Study Limitations
This study is only a single-center study with small sample size. A multicenter prospective study with large
sample is necessary to demonstrate that the diagnostic value of QRS-T angle in patients with acute
pulmonary embolism before and after treatment.

Conclusions
Our results suggest that spatial QRS-T angle may be useful for identifying PAH from those without RVH
and predicting PASP in patients with acute pulmonary embolism, .

Declarations

Abbreviations
PAH, Pulmonary arterial hypertension; PASP, pulmonary arterial systolic pressure; ECG, electrocardiogram;
IVC, inferior vena cava; VCG, vectorcardiogram



Page 8/13

Declarations
Authors’ contributions

All authors ful�ll the criteria for authorship. QHC and WSC conceived and designed the research. QHC,
CJL, WSC, HYF, CCZ acquired the data. QHC, CJL, WSC, HYF, CCZ performed statistical analysis. QHC,
CJL, WSC, HYF, CCZ drafted the manuscript and made critical revision of the manuscript for key
intellectual content. All authors read and approved the �nal version of the manuscript. All authors have
agreed to authorship and order of authorship for this manuscript.

Acknowledgments

We are indebted to patients and investigators who participated in the study. The individuals tested in
order to obtain these results were due to non-pro�t circumstances.

Availability of data and materials

All relevant data supporting the conclusions of this article is included within the article.

Ethics approval and consent to participate

All of the subjects gave their informed consent, and the study was approved by the Local Ethics
Committee of the First A�liated Hospital of Liaoning Medical University.

Sources of funding

None.

Competing interests

None declared.

Consent for publication

Not applicable.

Author details

Qinghua Chang: the Cardiovascular Institute of the First A�liated Hospital of Liaoning Medical University,
Renmin Street, Jinzhou 121000, Liaoning Province, China.

Changjun Li: Department of Respiration Medicine of the First A�liated Hospital of Liaoning Medical
University, Renmin Street, Jinzhou 121000, Liaoning Province, China;

Wenshu Chai: Department of Respiration Medicine of the First A�liated Hospital of Liaoning Medical
University, Renmin Street, Jinzhou 121000, Liaoning Province, China;



Page 9/13

Huangyuan Fan: Department of Respiration Medicine of the First A�liated Hospital of Liaoning Medical
University, Renmin Street, Jinzhou 121000, Liaoning Province, China;

Chenchen Zhang: Department of Respiration Medicine of the First A�liated Hospital of Liaoning Medical
University, Renmin Street, Jinzhou 121000, Liaoning Province, China;

References
1. Digby GC, Kukla P, Zhan ZQ, Pastore CA, Piotrowicz R, Schapachnik E, et al. The value of

electrocardiographic abnormalities in the prognosis of pulmonary embolism: a consensus paper.
Ann Noninvasive Electrocardiol 2015;20(3):207-223.

2. Ghofrani HA, Staehler G, Grünig E, Halank M, Mitrovic V, Unger S, et al. Acute effects of riociguat in
borderline or manifest pulmonary hypertension associated with chronic obstructive pulmonary
disease. Pulm Circ 2015;5(2):296-304.

3. Liu YY, Li XC, Duan Z, Yuan YD. Correlation between the embolism area and pulmonary arterial
systolic pressure as an indicator of pulmonary arterial hypertension in patients with acute pulmonary
thromboembolism. Eur Rev Med Pharmacol Sci 2014;18(17):2551-2555.

4. Galiè N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A, et al. 2015 ESC/ERS Guidelines for the
diagnosis and treatment of pulmonary hypertension: The Joint Task Force for the Diagnosis and
Treatment of Pulmonary Hypertension of the European Societyof Cardiology (ESC) and the European
Respiratory Society (ERS): Endorsed by: Association for European Paediatric and Congenital
Cardiology (AEPC), International Society for Heart and Lung Transplantation (ISHLT). Eur Respir J
2015;46(4):903-975.

5. Aviram G, Shmueli H, Adam SZ, Bendet A, Ziv-Baran T, Steinvil A, et al. Pulmonary Hypertension: A
Nomogram Based on CT Pulmonary Angiographic Data for Prediction in Patients without Pulmonary
Embolism. Radiology 2015;277(1):236-246.

�. Oehler A, Feldman T, Henrikson CA, Tereshchenko LG. QRS-T angle: a review. Ann Noninvasive
Electrocardiol2014;19(6):534-542.

7. Gleeson S, Liao YW, Dugo C, Cave A, Zhou L, Ayar Z, et al. ECG-derived spatial QRS-T angle is
associated with ICD implantation, mortality and heart failure admissions in patients with LV
systolic dysfunction. PLoS One 2017;12(3):e0171069.

�. Henkens IR, Mouchaers KT, Vliegen HW, van der Laarse WJ, Swenne CA, Maan AC, et al. Early
changes in rat hearts with developing pulmonary arterial hypertension can be detected with three-
dimensional electrocardiography. Am J Physiol Heart Circ Physiol2007;293(2):H1300-1307.

9. Konstantinides SV, Torbicki A, Agnelli G, Danchin N, Fitzmaurice D, Galiè N, et al. 2014 ESC guidelines
on the diagnosis and management of acute pulmonary embolism. Eur Heart J 2014;35(43):3033-69,
3069a-3069k.

10. Huang WC, Hsu CH, Sung SH, Ho WJ, Chu CY, Chang CP, et al. 2018 TSOC guideline focused update
on diagnosis and treatment of pulmonary arterial hypertension. J Formos Med Assoc2019. pii:



Page 10/13

S0929-6646(18)30551-30555.

11. Galiè N, Hoeper MM, Humbert M, Torbicki A, Vachiery JL, Barbera JA, et al. Guidelines for the
diagnosis and treatment of pulmonary hypertension. Eur Respir J2009;34(6):1219-1263.

12. Cummings KW, Bhalla S. Multidetector computed tomographic pulmonary angiography: beyond
acute pulmonary embolism. Radiol Clin North Am 2010;48(1):51-65.

13. Souza-Silva AR, Dias-Junior CA, Uzuelli JA, Moreno H Jr, Evora PR, Tanus-Santos JE. Hemodynamic
effects of combined sildena�l and L-arginine during acute pulmonary embolism-induced pulmonary
hypertension. Eur J Pharmacol 2005;524(1-3):126-131.

14. Ribeiro A, Lindmarker P, Johnsson H, Juhlin-Dannfelt A, Jorfeldt L. Pulmonary embolism: one-year
follow-up with echocardiography doppler and �ve-year survival analysis. Circulation
1999;99(10):1325-1330.

15. Kiciński P, Schlegel T, Dybała A, Zakrzewski M, Przybylska-Kuć S, Myśliński W, et al. Spatial QRS-
T angle in patients with newly diagnosed obstructive sleep apnea syndrome. Adv Med
Sci2017;62(2):240-245.

1�. Dabrowski W, Schlegel TT, Wosko J, Rola R, Rzecki Z, Malbrain MLNG, et al. Changes in spatial QRS-
T angle and QTc interval in patients with traumatic brain injury with or without intra-abdominal
hypertension. J Electrocardiol 2018;51(3):499-507.

17. 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.

1�. Jaroszyński A, Wysokiński A, Bednarek-Skublewska A, Głowniak A, Książek P, Sodolski T, et al.
The effect of a single dialysis session on spatial QRS-T angle in haemodialysis patients. Nephrol
Dial Transplant 2010;25(11):3723-3729.

19. Zhang X, Zhu Q, Zhu L, Jiang H, Xie J, Huang W, et al. Spatial/Frontal QRS-T Angle Predicts All-Cause
Mortality and Cardiac Mortality: A Meta-Analysis. PLoS One2015;10(8):e0136174.

20. Dabrowski W, Jaroszynski A, Jaroszynska A, Rzecki Z, Schlegel TT, Malbrain ML. Intra-abdominal
hypertension increases spatial QRS-T angle and elevates ST-segment J-point in healthy women
undergoing laparoscopic surgery. J Electrocardiol 2017;50(2):214-222.

21. Vricella LA, Kanani M, Cook AC, Cameron DE, Tsang VT. Problems with the right ventricular out�ow
tract: a review of morphologic features and current therapeutic options. Cardiol Young
2004;14(5):533-549.

22. Sinha P, Talwar S, Moulick A, Jonas R. Right ventricular out�ow tract reconstruction using
a valved femoral vein homograft. J Thorac Cardiovasc Surg2010;139(1):226-228.

23. Jurcut R, Giusca S, Ticulescu R, Popa E, Amzulescu MS, Ghiorghiu I, et al. Different patterns of
adaptation of the right ventricle to pressure overload: a comparison between pulmonary
hypertension and pulmonary stenosis. J Am Soc Echocardiogr 2011;24(10):1109-1117.

24. Al-Naamani K, Hijal T, Nguyen V, Andrew S, Nguyen T, Huynh T. Predictive values of
the electrocardiogram in diagnosing pulmonary hypertension. Int J Cardiol 2008;127(2):214-218.



Page 11/13

Figures

Figure 1

Comparative study of spatial QRS-T angle in pulmonary arterial hypertension (PAH) group and non-PAH
group. Compared with non-PAH group, ▲ indicates P < 0.05.
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Figure 2

Comparative study of spatial QRS-T angle in mild, moderate, and severe pulmonary arterial hypertension
(PAH). Compared with mild PAH group, ▲ indicates P < 0.05. Compared with moderate PAH group, ◊
indicates P < 0.05.
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Figure 3

Pearson correlation analysis between the spatial QRS-T angle and pulmonary artery systolic pressure
(PASP) in patients with PAH. PASP was signi�cantly positively associated with QRS-T angle (r = 0.676, P
< 0.05).


