

      JavaScript is disabled on your browser.
      Please enable JavaScript to use all the features on this page.
      
    

Skip to main contentSkip to article






	Journals & Books

	


	Search



RegisterSign in






	Access through your institution
	Purchase PDF
	
	Patient Access
	Other access options



Search ScienceDirect








Article preview
	Abstract
	Introduction
	Section snippets
	References (46)
	Cited by (30)




Journal of Electrocardiology
Volume 50, Issue 5, September–October 2017, Pages 561-569




A new 4-variable formula to differentiate normal variant ST segment elevation in V2-V4 (early repolarization) from subtle left anterior descending coronary occlusion - Adding QRS amplitude of V2 improves the model☆,☆☆,★
Author links open overlay panelBrian E. Driver MD a, Ayesha Khalil MD b, Timothy Henry MD b, Faraz Kazmi MBBS c, Amina Adil MD d, Stephen W. Smith MD a


Show moreShare


Cite




https://doi.org/10.1016/j.jelectrocard.2017.04.005Get rights and content

Highlights

	•There is limited literature on improving diagnostic accuracy of the ECG for coronary artery occlusion.

	•Normal variant ST segment elevation can be mistaken for left anterior descending (LAD) coronary occlusion, and vice versa. ST elevation alone is not sensitive or specific in differentiating these two diagnoses.

	•We demonstrate that ECG measurements other than ST elevation can help diagnose LAD occlusion with high sensitivity and specificity, and derive a 4-variable formula using these measurements.




Abstract
Introduction
Precordial normal variant ST elevation (NV-STE), previously often called “early repolarization,” may be difficult to differentiate from subtle ischemic STE due to left anterior descending (LAD) occlusion. We previously derived and validated a logistic regression formula that was far superior to STE alone for differentiating the two entities on the ECG. The tool uses R-wave amplitude in lead V4 (RAV4), ST elevation at 60 ms after the J-point in lead V3 (STE60V3) and the computerized Bazett-corrected QT interval (QTc-B). The 3-variable formula is: 1.196 x STE60V3 + 0.059 × QTc-B – 0.326 × RAV4 with a value ≥23.4 likely to be acute myocardial infarction (AMI).

Hypothesis
Adding QRS voltage in V2 (QRSV2) would improve the accuracy of the formula.

Methods
355 consecutive cases of proven LAD occlusion were reviewed, and those that were obvious ST elevation myocardial infarction were excluded. Exclusion was based on one straight or convex ST segment in V2-V6, 1 millimeter of summed inferior ST depression, any anterior ST depression, Q-waves, “terminal QRS distortion,” or any ST elevation >5 mm. The NV-STE group comprised emergency department patients with chest pain who ruled out for AMI by serial troponins, had a cardiologist ECG read of “NV-STE,” and had at least 1 mm of STE in V2 and V3. R-wave amplitude in lead V4 (RAV4), ST elevation at 60 ms after the J-point in lead V3 (STE60V3) and the computerized Bazett-corrected QT interval (QTc-B) had previously been measured in all ECGs; physicians blinded to outcome then measured QRSV2 in all ECGs. A 4-variable formula was derived to more accurately classify LAD occlusion vs. NV-STE and optimize area under the curve (AUC) and compared with the previous 3-variable formula.

Results
There were 143 subtle LAD occlusions and 171 NV-STE. A low QRSV2 added diagnostic utility. The derived 4-variable formula is: 0.052*QTc-B - 0.151*QRSV2 - 0.268*RV4 + 1.062*STE60V3. The 3-variable formula had an AUC of 0.9538 vs. 0.9686 for the 4-variable formula (p = 0.0092). At the same specificity as the 3-variable formula [90.6%, at which cutpoint (≥23.4), 123 of 143 MI were correctly classified for 86% sensitivity], the sensitivity of the new formula at cutpoint ≥17.75 is 90.2%, with 129/143 correctly classified MI, identifying an additional 6 cases. The cutpoint with the highest accuracy (92.0%) was at a cutoff value ≥18.2, with 88.8% sensitivity, 94.7% specificity, and a positive and negative likelihood ratio of 16.9 (95% CI: 8.9–32) and 0.12 (95% CI: 0.07–0.19). At this cutpoint, it correctly classified an additional 11 cases (289 of 315, vs. 278 of 315): 127/143 for MI (an additional 4 cases) and 162/171 for NV-STE (an additional 7 cases).

Conclusion
On the ECG, a 4-variable formula was derived which adds QRSV2; it differentiates subtle LAD occlusion from NV-STE better than the 3-variable formula. At a value ≥18.2, the formula (0.052*QTc-B - 0.151*QRSV2 - 0.268*RV4 + 1.062*STE60V3) was very accurate, sensitive, and specific, with excellent positive and negative likelihood ratios. This formula needs to be validated.





Introduction
Normal variant ST elevation (NV-STE) on the electrocardiogram (ECG), also often previously referred to as “benign early repolarization” (ER), may mimic ischemic STE. Conversely, acute left anterior descending coronary artery (LAD) occlusion may not result in an ECG that meets STEMI criteria and may be misdiagnosed as NV-STE.
Previously, we studied patients with acute LAD occlusion with “subtle” ECG changes and compared them to the ECGs of proven NV-STE. [1] We assessed many ECG features and found that the feature which best distinguished subtle ischemic STE due to LAD occlusion from STE of NV-STE was the R-wave amplitude in lead V4 (RAV4), with a c-statistic of 0.86. We found that greater STE at 60 ms after the J-point in lead V3 (STE60V3) and longer computerized Bazett-corrected QT interval (QTc-B) were also independent variables favoring LAD occlusion.
By logistic regression we derived, and validated in a separate population, a formula which differentiated LAD occlusion with subtle STE from NV-STE, with an overall sensitivity, specificity, and accuracy of 86%, 91%, and 88%, with positive and negative likelihood ratios of 9.2 (95% confidence interval [95% CI] 8.5–10) and 0.1 (95% CI 0.08–0.3), respectively. This was in contrast to very poor positive and negative LRs for age- and sex-based STEMI criteria of 1.5 (95% CI 1.2–1.7) and 0.6 (95% CI 0.3–0.8), respectively. Although we found that T-wave/R-wave amplitude ratio was much higher for LAD occlusion than NV-STE, this was entirely due to low R-wave amplitude; T-wave height was the same for both entities. See Fig. 1 for measurement of STE60V3. See Fig. 2 for a case of subtle LAD occlusion that could have been diagnosed using the 3-variable formula.
Since publication, false positive cases have been noted when there is large right precordial QRS amplitude, and false negative cases when there is low QRS amplitude in lead V2. In spite of warnings to the contrary, users of the formula frequently apply it to ECGs with higher voltage, some of which even meet criteria for left ventricular hypertrophy (LVH), although such ECGs often have a longer QTc-B interval and more STE, and thus may result in false positives. Thus, we sought to evaluate whether addition of a fourth variable, the QRS amplitude in lead V2, would improve the performance of the formula, and also to derive a new 4-variable logistic regression formula to differentiate subtle LAD occlusion from NV-STE.



Section snippets
Study design and setting
This was a secondary analysis of retrospective data collected for the previous study, as previously detailed [1]. We compared non-obvious (“subtle”) ECGs of patients who presented with STEMI and underwent primary percutaneous coronary intervention (PCI) and had confirmed LAD occlusion with ECGs from emergency department non-cardiac chest pain patients coded as NV-STE. For the purposes of this study, derivation and validation groups were combined into one derivation group.
The study was
Results
There were 355 patients with anterior STEMI; 143 were “subtle” and comprised the study group. There were 242 NV-STE patients, of whom 171 had at least 1 mm of STE in one of leads V2-V4. Mean ages (SD) of STEMI and NV-STE patients were 60 (15) and 38 (10) years, respectively.
The univariate performance of QRS V2 was poor, with a maximum accuracy of only 54.5%. However, in a multivariate logistic regression model, with measurements STE60V3, RAV4, QTc-B, and QRSV2, each measurement was
Discussion
Rapid and accurate diagnosis of acute coronary occlusion, the anatomic substrate of STEMI, is essential for rapid therapy and salvage of viable ischemic myocardium at risk of infarction. The ECG is the principle initial tool used to rapidly diagnose occlusion, through identification of ischemic STE or hyperacute T-waves. Thus, AMI is classified according to presence or absence of STE as STEMI or non-STEMI. The diagnostic “criteria” for STEMI are, as measured at the J-point, relative to the PQ
Limitations
The study is retrospective, with all of the well-known associated biases. Thus, the group with subtle LAD occlusion is nearly as large as the group with NV-STE, which does not reflect the true prevalence, which would be much lower with a consecutive series of prospective chest pain patients. Although there were only 8 patients with MI aged ≤35, there were 114 patients with NV-STE who were over age 35, and this ECG rule performed very well in differentiating them from the 135 patients over age
Conclusion
For differentiating the subtle ST elevation of LAD occlusion from normal variant ST elevation on the ECG, low QRS amplitude in lead V2 was independently associated with LAD occlusion vs. NV-STE. A four-variable formula adding measurement of QRSV2 to RAV4, STE60V3, and QTc-B was derived, and it differentiates subtle LAD occlusion from NV-STE better than the three-variable formula. At a value ≥18.2, the formula (0.052*QTc-B - 0.151*QRSV2 - 0.268*RV4 + 1.062*STE60V3) was very accurate, sensitive,
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	A Bayesian approach to acute coronary occlusion
2023, Journal of Electrocardiology

Show abstract
In the STEMI paradigm, the disease (acute coronary occlusion) is defined and named after one element (ST elevation, without regard to the remainder of the QRST) of one imperfect test (the ECG). This leads to delayed reperfusion for patients with acute coronary occlusion whose ECGs don't meet STEMI criteria. In this editorial, we elaborate on the article by Jose Nunes de Alencar Neto about applying Bayesian reasoning to ECG interpretation. The Occlusion MI (OMI) paradigm offers evidencebased advances in ECG interpretation, expert-trained artificial intelligence, and a paradigm shift that incorporates a Bayesian approach to acute coronary occlusion.




	Usefulness of the four-variable formula on serial electrocardiograms in detecting subtle anterior myocardial infarction
2023, American Journal of Emergency Medicine

Show abstract
To perform serial electrocardiogram (ECG) analyses in patients with subtle ECG changes in the anterior leads and evaluate the performance of the four-variable formula in detecting left anterior descending (LAD) coronary artery occlusion.
This prospective study included patients admitted to the emergency department with acute chest pain between April 2021 and January 2023, whose initial ECG was not diagnostic but indicated suspicion of myocardial infarction (MI) and who underwent percutaneous coronary intervention in their follow-up. The control group consisted of patients who were diagnosed with benign variant ST-segment elevation (BV-STE) due to ST-segment elevation (STE) of at least 1 mm in the anterior lead, who had normal cardiac troponin levels, and who presented with non-cardiac chest pain. Following admission, six ECGs were taken at 10-min intervals. The scores of all patients were calculated with the four-variable formula on serial ECGs and compared between the groups.
A total of 232 patients, including 116 with anterior MI and 116 with BV-STE, were included in the study. When the cut-off value for the four-variable formula was taken as ≥18.2, the sensitivity, specificity, and diagnostic accuracy of the first ECG were determined to be 82.7%, 85.3%, and 83.6%, respectively. We found that the four-variable formula had the highest sensitivity, specificity, and diagnostic accuracy in detecting LAD occlusion for the ECG taken at the 20th minute (83.6%, 89.6%, and 86.2%, respectively).
The four-variable formula was found to be a valid method for the differentiation of STEMI and BV-STE in patients with subtle ECG changes. While managing this patient group, using serial ECGs rather than a single ECG to evaluate the clinical status of patients can help clinicians make more accurate decisions.




	Early repolarization: Electrocardiographic cues to distinguish benign from malignant variants
2023, American Journal of the Medical Sciences

Show abstract
Historically, early repolarization (ER) has been considered a marker of good health as it is more prevalent in athletes, younger persons, and at slower heart rates. However, contemporary reports, largely based on data from resuscitated sudden cardiac arrest patients, suggest an association between ER and an increased risk for sudden cardiac death and the development of malignant ventricular arrhythmias. Therefore, after we present a brief-case presentation, we intend to review a challenging topic in recognition of malignant variants and propose a four-step comprehensive approach to simplify ECG discrimination when assessing ER changes.
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	Sharing and Teaching Electrocardiograms to Minimize Infarction (STEMI): reducing diagnostic time for acute coronary occlusion in the emergency department
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Show abstract
Limits to ST-Elevation Myocardial Infarction (STEMI) criteria may lead to prolonged diagnostic time for acute coronary occlusion. We aimed to reduce ECG-to-Activation (ETA) time through audit and feedback on STEMI-equivalents and subtle occlusions, without increasing Code STEMIs without culprit lesions.
This multi-centre, quality improvement initiative reviewed all Code STEMI patients from the emergency department (ED) over a one-year baseline and one-year intervention period. We measured ETA time, from the first ED ECG to the time a Code STEMI was activated. Our intervention strategy involved a grand rounds presentation and an internal website presenting weekly local challenging cases, along with literature on STEMI-equivalents and subtle occlusions. Our outcome measure was ETA time for culprit lesions, our process measure was website views/visits, and our balancing measure was the percentage of Code STEMIs without culprit lesions.
There were 51 culprit lesions in the baseline period, and 64 in the intervention period. Median ETA declined from 28.0 min (95% confidence interval [CI] 15.0–45.0) to 8.0 min (95%CI 6.0–15.0). The website garnered 70.4 views/week and 27.7 visitors/week in a group of 80 physicians. There was no change in percentage of Code STEMIs without culprit lesions: 28.2% (95%CI 17.8–38.6) to 20.0% (95%CI 11.2–28.8%).
Conclusions
Our novel weekly web-based feedback to all emergency physicians was associated with a reduction in ETA time by 20 min, without increasing Code STEMIs without culprit lesions. Local ECG audit and feedback, guided by ETA as a quality metric for acute coronary occlusion, could be replicated in other settings to improve care.
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