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The aim was to characterize the electrovectorcardiographic pattern of ventricular
aneurysms in ischemic cardiopathy by analyzing the cardiac ventricular
repolarization. The medical records of 2,670 individuals were analyzed in this
cross-sectional study. A test phase included 33 patients who underwent
transthoracic echocardiogram with ultrasonic enhancing agent, electrocardiogram,
and vectorcardiogram (aneurysm group - n= 22, and akinesia group - n= 11). In
the validation phase, cardiac magnetic resonance imaging established the
left ventricle segmental contractility in 16 patients who underwent
electrocardiographic and vectorcardiographic tests (aneurysm group, n=8, and
akinesia group, n=8). The variables studied were the presence of the T-wave
plus-minus pattern and the T-wave loop anterior-posterior pattern in V2–V4. The
diagnostic indices used were sensitivity, specificity, and predictive values, with their
respective 95% confidence intervals. During the test and validation phases, the
analysis of the presence of the T-wave plus-minus pattern identified the aneurysm
group with a sensitivity of 91% vs. 87% and specificity of 91% vs. 87% (p < 0.0001
vs. p=0.01), respectively. Meanwhile, the T-wave loop anterior-posterior pattern
evidenced sensitivity of 95% vs. 77% and specificity of 91% vs. 87% (p < 0.0001 vs.
p=0.04), respectively. The electrovectorcardiographic parameters showed high
accuracy for recognizing left ventricular aneurysms in ischemic heart disease.
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1. Introduction

Ventricular aneurysms occur in up to 5% of cases after acute myocardial infarction (1)

and are caused by transmural anterior wall infarctions (2). Considered a late complication of

myocardial infarction (after 6–8 weeks) (3), their main characteristic is to be regions that

present dyskinetic movements during ventricular systole (4). Their presence confers

mortality up to 6 times higher (5), with the main clinical complications being heart

failure, thromboembolic events, angina and symptomatic ventricular arrhythmias (1, 2, 4–6).

Left ventricular aneurysm is characterized by presenting focal dilatation and thinning

(remodeling) with either akinetic or dyskinetic systolic deformation (7). Nowadays,

diastolic distortion has gained strength, even when there is no evidence of an anatomic
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aneurysm (large neck) (8). In addition, left ventricular aneurysm

is a distinct portion of the myocardial composed of abnormal

diastolic relaxation and dyskinetic paradoxical systolic

movement (9).

The evolution of reperfusion therapies and the treatment of

chronic heart failure led to changes in the presentation of

aneurysms (10), which can be volumetrically more negligible or

even non-existent depending on access to the full range of

therapy. While no strong-resolution diagnostic methods were

available in the past for diagnosing tiny dyskinetic portions (11),

their expressions of their existence may be limited in the present

time (12).

In the last 70 years, many authors have studied the forms of

expression of ventricular aneurysms are expressed from an

electrocardiographic point of view in patients with ischemic heart

disease (13–17). However, the results present a severe limitation

for a broad and efficacious clinical application for recognizing

individuals with a ventricular aneurysm.

Thus, the objective of the present study aims to recognize

patients with chronic ischemic heart disease and ventricular

aneurysms, using well-defined criteria forwarded by the

electrocardiogram (ECG) and vectorcardiogram (VCG).
2. Materials and methods

2.1. Ethical issues

The ethics committee of Hospital das Clinicas da Faculdade de

Medicina da USP (HCFMUSP), São Paulo, Brazil, approved all

experimental protocols of this cross-sectional study (CAAE

11678919.8.0000.0068) by Approval #5.283.660. All methods

were carried out in accordance with relevant guidelines and

regulations for diagnostic methods.

All the patients were recruited to the study after signing a

written informed consent to have their medical records searched

for data collection; additionally, if they fit the inclusion criteria,

they agreed to participate in the research’s test and validation

phases. The study findings will help future patients who may

present with the characteristics leading to the suspicion of a

ventricular aneurysm and potential complications.

To protect participants’ data and privacy, data were

anonymized soon after the collection.
2.2. Study design

Cross-sectional, observational, comparative study between two

groups of patients, with and without ventricular aneurysm,

designed in two stages, test and validation. This is a single-center

study, impacted by the difficulty of recruiting patients during the

pandemic and the cost of acquiring echocardiographic contrast

(SonoVue®), which was limited to 35 units. In the test phase, the

primary goal was to characterize the electrovectorcardiographic

pattern of the left ventricular aneurysm in ischemic heart disease,

while the secondary objective was to associate the
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electrovectorcardiographic findings with the left ventricular

ejection fraction. Subsequently, the information gathered in the

test phase was applied to those in the validation phase to verify

if the results would be the same for this new population.

Furthermore, the analysis of the reproducibility and agreement of

the electrovectorcardiographic findings were added to the

validation phase.

Inclusion criteria enrolled patients consecutively with a

diagnosis of myocardial infarction (18) (rise and/or fall of

cardiac troponin values with at least one value above the 99th

percentile upper reference limit) with occlusion of the anterior

descending artery, who, prior to the ECG, in both test and

validation phases presented Q wave myocardial infarction; then,

either echocardiography or cardiac magnetic resonance imaging

investigated alterations in segmental contractility (dyskinesia and/

or akinesia).

The following findings excluded the patient from the study:

non-sinus rhythms (atrial fibrillation, atrial flutter, and atrial

tachycardia), left bundle-branch block, cardiac ventricular

artificial pacing, cardiac aneurysm located in the basal or middle

segments of the inferior or lateral walls, cardiac aneurysm of

non-ischemic cause and the presence of known hypersensitivity

to sulfur hexafluoride. The presence of left and right fascicular

blocks, as well as the left ventricular hypertrophy did not

obstruct the electrovectorcardiographic analyses.

The database from the Technical Coordination of Diagnostic

Imaging of the institution where the work was carried out

provided the list of patients.

The data on which human subjects’ were collected ranged

between August 2019 and May 2022. The study was conducted

between May 2019 and April 2023.

In the test phase, the patient’s cardiac magnetic resonance

imaging records performed between 2012 and 2018 were

selected. Therefore, to be included in the test phase, previous

CMR presenting segmental contractility abnormality was a

primary condition. As the segmental contractility might change

through the years, after patient selection, they underwent

transthoracic echocardiography examination with an ultrasonic

enhancing agent (SonoVue®) (12, 19, 20). The allocation of a

patient in one of the two groups, Aneurysm or Akinesia, was

defined by the echocardiographic finding. All patients underwent

an ECG and a VCG. The study researcher performed all three

exams (echocardiogram, ECG, and VCG) at the same day.

Confirmation of the ECG reports was performed by a different

cardiologist, while two other cardiologists conducted the

electrovectorcardiographic analysis. In case of disagreement, a

third cardiologist was consulted. The electrovectorcardiographic

analysis took place later, with the analyst blinded to the patients’

information.

In the validation phase, CMR imaging records performed in

2021 were selected. To define segmental contractility in this

phase we selected patients who had a recent CMR examination

(less than one year on average from the ECG), which waived the

need to perform a new functional study (echocardiogram with an

ultrasonic enhancing agent). All patients underwent ECG and

VCG tests at the same day.
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The electrovectorcardiographic findings from the test phase

were applied to new patients included in the confirmation phase

in order to verify the results obtained initially.

Additionally, the validation phase included a concordance

study involving two cardiologists with different VCG reading

skills. First, we analyzed the electrovectorcardiographic reading

agreement between the principal examiner and a Reviewer-1,

who was familiar with the methods used (30 years of experience

in reading VCGs) and blinded to which groups the patients

belonged. Previous training was provided to Reviewer-1 to allow

recognition of the plus-minus pattern on the ECG and the

anterior-posterior morphology on the VCG. Then, also regarding

the vectorcardiographic findings concordance study, an

additional analysis checked the agreement between the principal

examiner and a Reviewer-2, who was less familiar with the VCG

(three years’ experience), blinded to the patients’ groups and

trained to recognize the proposed patterns.
2.3. Definitions and outcomes

2.3.1. Transthoracic echocardiogram
Ultrasonic digital devices Vivid E954 (General Electric,

Milwaukee, Wisconsin, USA) and Philips Medical System IE33

(Phillips, Andover, Massachusetts, USA) were used to perform

these tests. The ultrasonic enhancing agent was SonoVue®

(Bracco Medical Imaging, Bothel, Washington, USA).

2.3.2. Cardiac magnetic resonance imaging
These exams were retrospectively reviewed and analyzed,

aiming to screen patients for the test phase, and establish the

segmental contractility of the left ventricle for the confirmation

phase.

2.3.3. Resting electrocardiogram
12-lead resting ECG Mortara Eli 250C (Mortara Co.,

Milwaukee, Wisconsin, USA) and TEB C10 + C30 + VS1 RV

(TEB Tecnologia Eletrônica Brasileira, São Paulo, Brazil) devices

were used for these tests with rhythm strip in DII with 25 mm/s

paper speed and 10 mV gain (21).

The ECG analysis focused on the six leads of the transverse

plane (V1–V6) for the detection of the T-wave plus-minus pattern.

Classification of the T-wave was defined from the PQ baseline

(end of the PR segment and beginning of the QRS complex). The

plus-minus pattern was set when the T-wave began above the

baseline and ended beneath it (negative deflection).

2.3.4. Vectorcardiogram
A Fukuda Denshi model HPM 7100 BSPM (Fukuda Denshi

Inc., Tokyo, Japan) and a model TEB C10 + C30 + VS1 RV (TEB

– Tecnologia Eletrônica Brasileira, São Paulo, Brazil) equipment

were used to perform these tests. The Frank method (22) was

used in both devices to obtain the three planes (sagittal,

transverse, and frontal).

The gain of vectorcardiographic loops was initially acquired

with a sensitivity of 4 cm/mV (sensitivity = 4). If the tracings
Frontiers in Cardiovascular Medicine 03
presented overlapping loops or difficulty in identifying the P-

and T-wave loops, a sensitivity of 8 cm/mV was used (sensitivity

= 8). Sensitivity does not influence the angle, only the amplitude

of the loops (23). This study analyzed the corrected orthogonal

derivation of the transversal plane.

The VCG analysis initially also focused on the six leads of the

transversal plane (V1–V6) for the detection of the anterior-

posterior pattern of the T-loop. However, after the initial data

collection, we chose to restrict the electrovectorcardiographic

analysis to leads V2–V4.

The definition of the anterior-posterior pattern followed the

convention used for vectorcardiographic analysis, which

establishes the anterior and posterior location of the recorded

electrical phenomena, as described below:

In the vectorcardiographic analysis of the transversal plane, we

have V2 located at +90°, while V3 is at +75° and V4 at +60°,

approximately. The T-loop in V2 is located posteriorly between

angles 0° and −180°. Concerning lead V3 (+75°), the T-loop is

located posteriorly between the angles −15° and +165°. Finally,

V4 (+60°) has a posterior T-loop between the angles −30° and

+150°. In other words, the T-loop is anterior in V2 and/or V3

and/or V4 between 0° and +150° (24).

To facilitate the recognition of the anterior-posterior pattern,

we created a T-loop ruler (Figure 1) that allowed the

determination of which type is the T-loop. To do so, the

professional must position the center of the T-loop ruler (red

dot) on the beginning of the P-loop in the transverse plane. If

the T-loop appears in the white and gray areas and starts within

the white area, we see the anterior-posterior pattern.

Figures 2,3 show examples of electrovectorcardiographic

analyses performed for the classification of the T-wave and T-

loop on the ECG and VCG, respectively. The arrow indicates the

beginning of the T-loop.
2.4. Statistical analysis

Quantitative clinical variables were described as mean and

standard deviation, and qualitative variables were presented as

absolute and relative values, after normality was assessed using

the Kolmogorov-Smirnov test.

In the test and validation phases, diagnostic measures of

sensitivity, specificity, positive predictive value and negative

predictive value were calculated with the respective confidence

intervals (95%). In this way, the researchers evaluated the

discriminatory capacity of the tests (ECG and VCG) in the

identification of patients with ventricular aneurysms, as well as

the discriminatory capacity of the T-wave plus-minus pattern

and the T-loop anterior-posterior pattern for identification of the

patient with LVEF≤ 40%.

The relationship between the T-wave plus-minus pattern and

the left ventricular ejection fraction, as well as the association

between the T-loop anterior-posterior pattern and the left

ventricular ejection fraction were assessed using the mean and

standard deviation, and compared using the t-test for non-equal

variances, which was determined after performing the Levene test.
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FIGURE 1

T-loop ruler: analysis of the anterior-posterior pattern of the T-loop in V2 and/or V3 and/or V4.

FIGURE 2

(A) Upper panel: ECG – anterior Q wave MI (with positive T-waves). Intermediate panel: VCG (transverse plane) – anterior myocardial infarction area.
Lower panel: T-loop ruler – anterior T-loop. (B) Upper panel: ECG – anterior Q wave MI (T-wave plus-minus pattern in V3). Intermediate panel: VCG
(transverse plane) – anterior myocardial infarction area and T alterations. Lower panel: T-loop ruler, T-loop with anterior-posterior morphology.

Varoni et al. 10.3389/fcvm.2023.1275194
In the validation phase, the reproducibility in identifying the T

wave plus-minus pattern (ECG) was tested with the results

obtained from reviewer-1. For the reproducibility test for
Frontiers in Cardiovascular Medicine 04
detecting anterior-posterior T-loop morphology (VCG), the

results of reviewer-1 and reviewer-2 were analyzed. In both

methods (ECG and VCG), Cohen’s Kappa coefficient (κ) was used.
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FIGURE 3

(A) Upper panel: ECG – suggestive of anterolateral Q wave MI (with negative T-waves). Lower panel: VCG (transverse plane) – anterolateral myocardial
infarction area and T alterations. T-loop ruler, posterior T-loop. (B) Upper panel: ECG – anterior Q wave MI (T-wave plus-minus pattern in V2–V4).
Bottom panel: VCG (transverse plane) – anterior myocardial infarction area and T alterations T-loop ruler – T-loop with anterior-posterior morphology.
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Our study used a convenience sampling method to select the

participants. This approach allowed us to gather data from the

participants who underwent echocardiographic contrast. We had

a significant limitation due to the amount of echo contrast

(thirty five units). It is important to point out that we did not

find any such resources that have studied this subject, which is

also why we used a convenience sampling method.

The analyses were performed using the IBM-SPSS for

Windows version 20.0 software and tabulated using the

Microsoft-Excel 2003 software, with a significance level of 5%.
2.5. Patient and public involvement in the
investigation

Patients and/or the public were not involved in the design, or

conduct, or reporting, or dissemination plans of this research.
3. Results

In the test phase, from a list of 894 patients, 142 were screened.

The patients’ exclusion was due to the impossibility of peripheral

venous puncture, the presence of artificial cardiac pacing, and

acute hypertensive edema (n = 3). Of the 139 remaining

participants, we performed 35 examinations due to the limited

accessibility and acquisition of echocardiographic enhancing
Frontiers in Cardiovascular Medicine 05
agents. After analysis of the exams, two patients were excluded

due to the absence of an anterior Q wave MI, and the presence

of an aneurysm only in the inferior wall.

Overall, 33 patients were included and were allocated into two

groups: aneurysm group (n = 22) and akinesia group (n = 11)

(Figure 4).

The study population characteristics showed that the mean age

in the aneurysm group was 59.4 ± 8.0 years, while in the akinesia

group it was 59.7 ± 8.4 years (p = 0.9), with a predominance of

men in both groups (77.2% in the aneurysm group vs. 81.8% in

the akinesia group, p = 1.0). In addition, the time between acute

coronary syndrome and the exams (ECG and VCG) was 55.9 ±

45.1 months in the aneurysm group and 44.6 ± 35.0 months in

the akinesia group (p = 0.4).

The analysis and classification of the T-wave in the precordial

leads, assessed by ECG, showed the presence of the T-wave plus-

minus pattern in V2 and/or V3 and/or V4, in the aneurysm

group, with sensitivity = 91%; specificity = 91%; positive predictive

value = 95%; negative predictive value = 83%; accuracy = 91%, and

likelihood ratio = 10 (p < 0.0001). VCG analysis in the transverse

plane identified the T-loop anterior-posterior pattern in V2 and/

or V3 and/or V4, in the aneurysm group, with sensitivity = 95%;

specificity = 91%; positive predictive value = 95%; negative

predictive value = 91%; accuracy = 94%, and likelihood ratio = 10;

p < 0.0001 (Table 1 and Supplementary Table S1, Panels A,B).

Patients with the T-wave plus-minus pattern had a significantly

lower left ventricular ejection fraction (LVEF) value when
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FIGURE 4

Flowchart of the participants’ selection in the test phase.

TABLE 1 Aneurysm group identification, according to the presence of plus-minus (T-wave)/anterior-posterior (T-loop) in the test phase (segmental
contractility analyzed by transthoracic echocardiography with an ultrasonic enhancing agent).

Group Total
(N = 33)

p-value Sensitivity Specificity PPV NPV

Aneurysm
(N = 22)

Akinesia
(N = 11)

(CI 95%) (CI 95%) (CI 95%) (CI 95%)

Electrocardiogram (Plus-Minus) <.0001 91% 91% 95% 83%

Yes 20 (61%) 1 (3%) 21 (64%) (70.8–98.8) (58.7–99.7) (76.1–100) (51.5–97.9)

No 2 (6%) 10 (30%) 12 (36%)

Vectorcardiogram (Anterior-Posterior) <.0001 95% 91% 95% 91%

Yes 21 (64%) 1 (3%) 12 (67%) (77.1–99.8) (58.7–99.7) (77.1–99.8) (58.7–99.7)

No 1 (3%) 10 (30%) 21 (33%)

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; T-Test.

Bold values indicate statistical significance.

Varoni et al. 10.3389/fcvm.2023.1275194
compared to those without the pattern studied by ECG (34.3% ±

4.4% vs. 43.5% ± 8.0%; p = 0.002). A similar result was observed

in the vectorcardiographic findings, which showed that patients

with T-loop anterior-posterior morphology had significantly

lower LVEF value compared to those without the pattern studied

by VGC (34.3% ± 4.3% vs. 44.2% ± 7.9%; p = 0.002).

Patients with LVEF≤ 40%, with sensitivity = 80%; specificity =

87%; positive predictive value = 95%; negative predictive value =

58% (p = 0.001), were identified by T-wave plus-minus pattern

on the ECG In the VCG, the presence of the T-loop anterior-

posterior pattern identified patients with LVEF≤ 40%, with

sensitivity = 84%; specificity = 87%; positive predictive value =
Frontiers in Cardiovascular Medicine 06
95%; negative predictive value = 64% (p < 0.001) (Table 2 and

Supplementary Table S2, Panels C,D).

In the validation phase, after the selection of 1,776 patients,

only 35 presented eligibility criteria. Of these, we were able to

contact only 19 patients. The excluded participants consisted of

two patients who did not have a myocardial infarction area

before the ECG, and another participant who had a left bundle

branch block. Thus, 16 patients (aneurysm group - n = 8 and

akinesia group - n = 8) concluded this phase (Figure 5).

Demographic variables were very alike in the test and

validation phases. Mean age was 59.5 ± 8.0 years and 61.3 ± 8.6

years (p = 0.4) and male predominance (78.7% and 75.0%;
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TABLE 2 Identification of patients with abnormal reduction of the left ventricular ejection fraction in moderate or severe degree, according to the
presence of plus-minus (T-wave)/anterior-posterior (T-loop) in the test phase.

Group Total
(N = 33)

p-value Sensitivity Specificity PPV NPV

Left ventricular
ejection fraction
≤40% (N = 25)

Left ventricular
ejection fraction
>40% (N = 8)

(CI 95%) (CI 95%) (CI 95%) (CI 95%)

Electrocardiogram
(Plus-Minus)

0.0012 80% 87% 95% 58%

Yes 20 (61%) 1 (3%) 21 (64%) (59.3–93.1) (47.3–99.6) (76.1–99.8) (27.6–84.8)

No 5 (15%) 7 (21%) 12 (36%)

Vectorcardiogram
(Anterior-Posterior)

0.0005 84% 87% 95% 64%

Yes 21 (64%) 1 (3%) 12 (67%) (63.9–95.4) (47.3–99.6) (77.1–99.8) (30.8–89.0)

No 4 (12%) 7 (21%) 21 (33%)

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; T-Test.

Bold values indicate statistical significance.

FIGURE 5

Flowchart of the participants’ selection in the validation phase.

Varoni et al. 10.3389/fcvm.2023.1275194
p = 1.0) in both groups, respectively. The time interval between

acute coronary syndrome and tests that defined left ventricle

segmental contractility [echocardiogram with an ultrasonic

enhancing agent for the test phase and cardiac magnetic

resonance (CMR) for the validation phase] was 52.1 ± 41.8

months for the aneurysm group, and 56.6 ± 52.4 months for the

akinesia group (p = 0.74). In the validation phase, the period

between CMR and ECG, and VGC tests was 9.5 ± 3.6 months.

The validation phase showed that a plus-minus pattern in V2

and/or V3 and/or V4, identified patients with ventricular

aneurysms. These results were similar to the test phase:

sensitivity = 87%; specificity = 87%; positive predictive value =
Frontiers in Cardiovascular Medicine 07
87%; negative predictive value = 87%; accuracy = 87%, and

likelihood ratio = 7 (p = 0.01). Same as occurred with the ECG

findings, confirmation of the anterior-posterior

vectorcardiographic pattern in V2 and/or V3 and/or V4 also

identified patients with ventricular aneurysms, with results very

similar to those of the test phase (sensitivity = 75%, specificity =

87%, positive predictive value = 87%, negative predictive value =

87%, accuracy = 81%, and likelihood ratio = 6; p = 0.04) (Table 3

and Supplementary Table S3, Panels E,F).

Agreement between the principal investigator and reviewer-1,

for the electrocardiographic recognition of the T-wave plus-

minus pattern in V2 and/or V3 and/or V4, was considered
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TABLE 3 Aneurysm group identification, according to the presence of plus-minus (T-wave)/anterior-posterior (T-loop) in the validation phase (segmental
contractility analyzed by cardiac magnetic resonance).

Group Total
(N = 16)

p-value Sensitivity Specificity PPV NPV

Aneurysm (N = 8) Akinesia (N = 8) (CI 95%) (CI 95%) (CI 95%) (CI 95%)
Electrocardiogram (Plus-Minus) 0.01 87% 87% 87% 87%

Yes 7 (44%) 1 (6%) 8 (50%) (47.3–99.6) (47.3–99.6) (47.3–99.6) (47.3–99.6)

No 1 (6%) 7 (44%) 8 (50%)

Vectorcardiogram (Anterior-Posterior) 0.04 75% 87% 85% 77%

Yes 6 (38%) 1 (6%) 7 (44%) (34.9–96.8) (47.3–99.6) (42.1–99.6) (39.9–97.1)

No 2 (13%) 7 (44%) 9 (56%)

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; T-Test.

Bold values indicate statistical significance.

Varoni et al. 10.3389/fcvm.2023.1275194
perfect, with κ = 1.0 (p < 0.001), as shown in Supplementary

Panel G.

Agreement among the principal investigator and reviewers 1

and 2 for vectorcardiographic recognition of T-loop anterior-

posterior morphology in V2 and/or V3 and/or V4 was

considered substantial (reviewer-1 - κ = 0.625, p = 0.012, and

reviewer-2 - κ = 0.613, p = 0.013) (Supplementary, Panel H).
4. Discussion

In the United States of America, it is estimated that 4.9% of

the population will be affected by acute myocardial infarction

in 2,060 (25), resulting in around 800,000 people being

diagnosed with a ventricular aneurysm. Nowadays, an estimated

1,400,000 people in the UK have survived an acute myocardial

infarction, with up to 70,000 cases of ventricular aneurysm

expected (26).

The electrocardiographic representation of ventricular

aneurysms in ischemic patients has limited data. Initially, the

analysis of the persistence of ST-segment elevation after acute

myocardial infarction showed a sensitivity of up to 90% to

identify ventricular aneurysm, however, when 2 mm ST-segment

elevation is observed in conformity with Q-waves, sensitivity

decreased to 60% (14). Despite the high sensitivity, this criterion

does not confer specificity to the diagnosis of ventricular

aneurysms. The residual ST-segment elevation after ST-segment

elevation myocardial infarction predicts worse long-term clinical

and structural deterioration at CMR (27).

The positive QRS complexes in aVR (15) are infrequently

present in individuals with ventricular aneurysms, being a

marker of high specificity, but low sensitivity (28). Finally,

the results of the fragmentation of QRS complexes on the

ECG in ischemic patients showed a sensitivity of 50% and

specificity of 94.5% in identifying patients with ventricular

aneurysms (16).

In the test phase, analysis of the studied population showed

that the use of both parameters (presence of plus-minus T-wave

pattern on ECG and anterior-posterior T-wave loop

vectorcardiographic pattern) achieved an accuracy of 94% (p <

0.0001) in the identification of patients with an aneurysm.

During the validation phase, the accuracy was up to 87% (p =

0.01), overcoming the data available in the literature so far.
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It was also possible to infer that most of the patients with

respectively the T-wave plus-minus, and the T-loop anterior-

posterior aspects, present segmental involvement of the left

ventricle with moderate or important systolic dysfunction (7).

We noticed a 21.2% reduction in LVEF in the group with the

electrocardiographic aspect studied (34.3% ± 4.4% vs. 43.5% ±

8.0%; p = 0.002); and in the VCG the LVEF reduction was 22.4%

in those who had an anterior-posterior T-loop morphology

(34.3% ± 4.3% vs. 44.2% ± 7.9%; p = 0.002).

The agreement among the reviewers’ recognition of the T-wave

plus-minus and anterior-posterior T-loop patterns in V2 and/or

V3 and/or V4 was considered perfect and strong. This analysis

proved to be extremely important for applying these methods in

clinical practice.
4.1. Study strengths and limitations

This was a single center study. There was difficulty recruiting

patients due to the pandemic moment and the cost involved in

acquiring the echocardiographic enhancing agent contrast

(SonoVue®). The population sample size limited the power for

analysis of ventricular aneurysm recognition through the ECG

and VCG and for the study of better agreement in identifying

the T-wave plus-minus pattern and T-loop anterior-posterior

morphology. Even though the evaluators were blinded to which

group the ECG and VCG belonged to, they were aware of the

object of the study (ventricular aneurysm).

Application of these methods in clinical practice may prove

extremely reliable, since the accuracy obtained overcame the

data available in the literature so far. Data suggest that it is

possible to reproduce the electrovectorcardiographic findings

by professionals with limited experience in analyzing

electrocardiography and vectorcardiography methods.
5. Conclusion

Both the presence of the T-wave plus-minus ECG pattern, and

the anterior-posterior expression of the T-wave loop in V2, and/or

V3, and/or V4 enabled by the vectorcardiographic analysis, showed

high accuracy for recognizing a left ventricular aneurysm in

patients with ischemic heart disease.
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1275194
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Varoni et al. 10.3389/fcvm.2023.1275194
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by The

Ethics Committee of Hospital das Clinicas da Faculdade de

Medicina da USP (HCFMUSP), São Paulo, Brazil, approved all

experimental protocols of this cross-sectional study (CAAE

11678919.8.0000.0068) by Approval #6.236.822. The studies were

conducted in accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study.
Author contributions

LV: Conceptualization, Formal analysis, Investigation,

Methodology, Resources, Writing – original draft. NS:

Conceptualization, Formal analysis, Investigation, Methodology,

Project administration, Writing – review & editing. MF:

Conceptualization, Writing – review & editing, Visualization. HF:

Conceptualization, Visualization, Writing – review & editing,

Supervision. BM: Visualization, Writing – review & editing,

Formal analysis, Validation. WJ: Investigation, Supervision,

Validation, Visualization, Writing – review & editing. CP:

Supervision, Writing – review & editing, Conceptualization,

Funding acquisition, Project administration.
Frontiers in Cardiovascular Medicine 09
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article.

This work was supported by the Fundação de Amparo à

Pesquisa do Estado de São Paulo (FAPESP, Grant 2019/27224-2

to CAP).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.

1275194/full#supplementary-material
References
1. Borja I, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al. ESC
scientific document group, 2017 ESC guidelines for the management of acute
myocardial infarction in patients presenting with ST-segment elevation: the task
force for the management of acute myocardial infarction in patients presenting with
ST-segment elevation of the European society of cardiology (ESC). Eur Heart J.
(2018) 39(2):119–77. doi: 10.1093/eurheartj/ehx393

2. Meizlish JL, Berger HJ, Plankey M, Errico D, Levy W, Zaret BL. Functional left
ventricular aneurysm formation after acute anterior transmural myocardial
infarction: incidence, natural history, and prognostic implications. N Engl J Med.
(1984) 311:1001–06.doi: 10.1056/NEJM198410183111601

3. Gerdes AM, Capasso JM. Structural remodeling and mechanical dysfunction of
cardiac myocytes in heart failure. J Mol Cell Cardiol. (1995) 27(3):849–56.doi: 10.
1016/0022-2828(95)90000-4

4. Asoğlu E, Afşin A, Süner A, Tibilli H, Aladağ N, Asoğlu R. The relationship
between electrocardiographic findings and left ventricular apical thrombus. Eur Rev
Med Pharmacol Sci. (2021) 25(24):7934–40.doi: 10.26355/eurrev_202112_27643

5. Piegas LS, Timerman A, Feitosa GS, Nicolau JC, Mattos LAP, Andrade MD, et al.
V Diretriz da Sociedade Brasileira de Cardiologia sobre Tratamento do Infarto Agudo
do Miocárdio com Supradesnível do Segmento ST. Arq Bras Cardiol. (2015) 105(2):52.
doi: 10.5935/abc.20150107

6. Mourdjinis A, Olsen E, Raphael MJ, Mounsey JPD. Clinical diagnosis
and prognosis of ventricular aneurysm. Heart. (1968) 30:497–513.doi: 10.1136/hrt.
30.4.497

7. Lang RM, Bierig M, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, et al.
Recommendations for cardiac chamber quantification by echocardiography in
adults: an update from the American society of echocardiography and the European
association of cardiovascular imaging. J Am Soc Echocardiogr. (2015) 28(1):1–39.
doi: 10.1016/j.echo.2014.10.003

8. Klein LR, Shroff GR, Beeman W, Smith SW. Electrocardiographic criteria to
differentiate acute anterior ST-elevation myocardial infarction from left ventricular
aneurysm. Am J Emerg Med. (2015) 33(6):786–90. doi: 10.1016/j.ajem.2015.03.044

9. Schoen FJ. Interventional and surgical cardiovascular pathology: Clinical
correlations and basic principles. Philadelphia: Saunders (1989). Ischemic heart
disease.

10. O’Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK, Lemos JA, et al.
2013 ACCF/AHA guideline for the management of ST-elevation myocardial
infarction: executive summary. A report of the American college of cardiology
foundation/American heart association task force on practice guidelines.
Circulation. (2015) 61(4):485–510. doi: 10.1016/j.jacc.2012.11.018

11. Abrams DL, Edelist A, Luria MH, Miller AJ. Ventricular aneurysm. A
reappraisal based on a study of sixty-five consecutive autopsied cases. Circulation.
(1963) 27:164–9. doi: 10.1161/01.cir.27.2.164

12. Porter TR, Mulvagh SL, Abdelmoneim S, Becher H, Belcik JT, Bierig M, et al.
Clinical applications of ultrasonic enhancing agents in echocardiography: 2018
American society of echocardiography guidelines update. J Am Soc Echocardiogr.
(2018) 31(3):241–74. doi: 10.1016/j.echo.2017.11.013

13. Steven RA. Electrocardiographic findings in cardiac aneurysm. Ann Intern Med.
(1951) 34(3):747–58. doi: 10.7326/0003-4819-34-3-747

14. Cohn K, Dymnicka S, Forlini FJ. Use of the electrocardiogram as an aid in
screening for left ventricular aneurysm. J Electrocardiol. (1976) 9(1):53–8.doi: 10.
1016/s0022-0736(76)80011-8
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2023.1275194/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1275194/full#supplementary-material
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1056/NEJM198410183111601
https://doi.org/10.1016/0022-2828(95)90000-4
https://doi.org/10.1016/0022-2828(95)90000-4
https://doi.org/10.26355/eurrev_202112_27643
https://doi.org/10.5935/abc.20150107
https://doi.org/10.1136/hrt.30.4.497
https://doi.org/10.1136/hrt.30.4.497
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.ajem.2015.03.044
https://doi.org/10.1016/j.jacc.2012.11.018
https://doi.org/10.1161/01.cir.27.2.164
https://doi.org/10.1016/j.echo.2017.11.013
https://doi.org/10.7326/0003-4819-34-3-747
https://doi.org/10.1016/s0022-0736(76)80011-8
https://doi.org/10.1016/s0022-0736(76)80011-8
https://doi.org/10.3389/fcvm.2023.1275194
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Varoni et al. 10.3389/fcvm.2023.1275194
15. Goldberger E, Schwartz SP. Electrocardiographic patterns of ventricular
aneurysm. Am J Med. (1948) 4(2):243–7. doi: 10.1016/0002-9343(48)90241-1

16. Reddy CVR, Kheriparambill K, Saul B, Makan M, Kassotis J, Kumar A, et al.
Fragmented left side QRS in absence of bundle branch block: sign of left ventricular
aneurysm. Ann Noninvasive Electrocardiol. (2006) 11(2):132–38.doi: 10.1111/j.1542-
474X.2006.00094.x

17. El-Sherif N. The rsR’ pattern in left surface leads in ventricular aneurysm. Heart.
(1970) 32:440–48.doi: 10.1136/hrt.32.4.440

18. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth
universal definition of myocardial infarction (2018). Eur Heart J. (2019) 40:237–69.
doi: 10.1093/eurheartj/ehy462

19. Schneider M. Sonovue, a new ultrasound contrast agent. Eur Radiol. (1999) 9
(3):347–8. doi: 10.1007/PL00014071

20. Galema TW, van de Ven ART, Soliman OII, van Domburg RT, Vletter WB, van
Dalen BM, et al. Contrast echocardiography improves interobserver agreement for
wall motion score index and correlation with ejection fraction echocardiography.
Echocardiography. (2011) 228(5):575–81. doi: 10.1111/j.1540-8175.2010.01379.x

21. Samesima N, God EG, Kruse JCL, Leal MG, Pinho C, França FFAC, et al. Brazilian
society of cardiology guidelines on the analysis and issuance of electrocardiographic
reports – 2022. Arq Bras Cardiol. (2022) 119(4):638–80. doi: 10.36660/abc.20220623

22. Frank E. An accurate, clinically practical system for spatial vectorcardiography.
Circulation. (1956) 13(5):737–49.doi: 10.1161/01.cir.13.5.737
Frontiers in Cardiovascular Medicine 10
23. Bayés de Luna A. Tratado de Electrocardiografia Clinica. Barcelona: Editorial
Científico-Médica (1988). Cap.3,p.95: Otras técnicas electrocardiológicas.

24. Pastore CA, Samesima N, Pereira Fillho HG, Tobias NMMO, Madaloso BA,
Facin ME. Applicability of the electro-vectorcardiogram in current clinical practice.
Arq Bras Cardiol. (2019) 113(1):87–99. doi: 10.5935/abc.20190095

25. Mohebi R, Chen C, Ibrahim NE, McCarthy CP, Gaggin HK, Singer DE, et al.
Cardiovascular disease projections in the United States based on the 2020 census
estimates. J Am Coll Cardiol. (2022) 80(6):565–78. doi: 10.1016/j.jacc.2022.05.033

26. British Heart Foudation (BHF). BHF analysis of national health survey
prevalence data and ONS population estimates. Available at: https://www.bhf.org.
uk/-/media/files/research/heart-statistics/bhf-cvd-statistics-uk-factsheet.pdf.

27. Merenciano-González H, Marcos-Garcés V, Gavara J, Pedro-Tudela A, Lopez-
Lereu MP, Monmeneu JV, et al. Residual ST-segment elevation to predict long-term
clinical and CMR-derived outcomes in STEMI. Sci Rep. (2022) 12:21813. doi: 10.
1038/s41598-022-26082-5

28. Ford RV, Levine HD. The electrocardiographic clue to ventricular aneurysm.
Ann Intern Med. (1951) 34(4):998–1016. doi: 10.7326/0003-4819-34-4-998

29. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al.
Recommendations for cardiac chamber quantification by echocardiography in
adults: an update from the American society of echocardiography and the European
association of cardiovascular Imaging. J Am Soc Echocardiogr. (2015) 28(1):1–39.
doi: 10.1016/j.echo.2014.10.003
frontiersin.org

https://doi.org/10.1016/0002-9343(48)90241-1
https://doi.org/10.1111/j.1542-474X.2006.00094.x
https://doi.org/10.1111/j.1542-474X.2006.00094.x
https://doi.org/10.1136/hrt.32.4.440
https://doi.org/10.1093/eurheartj/ehy462
https://doi.org/10.1007/PL00014071
https://doi.org/10.1111/j.1540-8175.2010.01379.x
https://doi.org/10.36660/abc.20220623
https://doi.org/10.1161/01.cir.13.5.737
https://doi.org/10.5935/abc.20190095
https://doi.org/10.1016/j.jacc.2022.05.033
https://www.bhf.org.uk/-/media/files/research/heart-statistics/bhf-cvd-statistics-uk-factsheet.pdf
https://www.bhf.org.uk/-/media/files/research/heart-statistics/bhf-cvd-statistics-uk-factsheet.pdf
https://doi.org/10.1038/s41598-022-26082-5
https://doi.org/10.1038/s41598-022-26082-5
https://doi.org/10.7326/0003-4819-34-4-998
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.3389/fcvm.2023.1275194
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Electrovectorcardiographic study of left ventricular aneurysm in ischemic heart disease
	Introduction
	Materials and methods
	Ethical issues
	Study design
	Definitions and outcomes
	Transthoracic echocardiogram
	Cardiac magnetic resonance imaging
	Resting electrocardiogram
	Vectorcardiogram

	Statistical analysis
	Patient and public involvement in the investigation

	Results
	Discussion
	Study strengths and limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


