
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

ARTICLE DETAILS 

TITLE (PROVISIONAL) Does T wave inversion in lead aVL predict mid-segment left anterior 
descending lesion in acute coronary syndrome? : a retrospective 
study 

AUTHORS Nakanishi, Nobuto; Goto, Tadahiro; Ikeda, Tomoya; Kasai, Atsunobu 

 

VERSION 1 - REVIEW 

REVIEWER Getaw Worku Hassen 
NYMC, Metropolitan Hospital Center, New York, NY, USA 

REVIEW RETURNED 26-Oct-2015  

 

GENERAL COMMENTS The study emphasize the difficulty and challenges of diagnosing 
ACS especially in early phases and that physician's continued effort 
in looking for subtle changes on surface ECG. They studied ECG's 
of patients with ACS who had emergenct PCI. They evaluated the 
diagnostic value of TWI in lead aVL isolated or in combination wiht 
other T wave changes. Their result showed that isolated TWI in lead 
aVL had high specificity. More studies with larger sample size is 
needed to appreciate the true predictive value of TWI in lead aVL. 
Their result and the results of other limited studies will encourage 
physician to conduct similar study in different populationand different 
countries to appreciate the diagnotic value as well as the universal 
applicability.  
Oen comment is to uniformily use the expression T wave inversion 
in aVL in combination with other T wave changes and isolated T 
wave inversion in lead aVL throughout the manuscript. It is not 
obvious in the abstract or result section what the two groups 
represent, it is only specified in the discussionsection only.  
A recent study by Green M et al. in the Journal of electo physiology 
2006 showed the best single lead for the Emergency detection of 
ACS was lead aVL (Green M, Ohlsson M, Forberg JL, Björk J, 
Edenbrandt L, Ekelund U.J Electrocardiol. 2007 Jul;40(3):251-6. 
Epub 2007 Feb 8.PMID: 17292385).More work is on the way and it 
is encouraging.  
 
page 3 line 3 add and myocardial necrosis after myocardial 
ischemia.  

 

REVIEWER Sorin Brener 
NY Methodist Hospital  
USA 

REVIEW RETURNED 02-Nov-2015 

 

GENERAL COMMENTS The authors evaluated retrospectively the accuracy of T wave 
inversion in aVL for predicting mLAD lesions responsible for ACS  
The clinical question itself is not particularly relevant in my opinion, 
as EKG changes are one of the important criteria leading to an 
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invasive strategy in ACS.  
Furthermore, the authors ignore the fact that Dg lesions can and 
frequently affect the aVL lead. They do not report Dg disease or its 
possible relationship to ACS. 

 

REVIEWER Cory Tschabrunn 
Harvard-Thorndyke Electrophysiology Institute  
Division of Cardiology  
Beth Israel Deaconess Medical Center  
Harvard Medical School  
Boston, MA - United States 

REVIEW RETURNED 09-Nov-2015 

 

GENERAL COMMENTS Nakanishi and colleagues report their findings from a retrospective 
study in 219 ACS patients undergoing coronary angiography and the 
association of aVL T wave inversion with mid-LAD occlusion. The 
authors found that, in general, the presence of aVL T wave inversion 
had a low sensitivity/specificity for prediction of mid-LAD lesion, but 
a high specificity in cases where isolated aVL T wave inversion was 
observed.  
 
This manuscript has several important findings and may serve as an 
important reference paper for future prospective and larger studies.  
 
Specific comments/questions:  
 
Abstract:  
 
-Include the number of patients included in the analysis  
 
Methods:  
 
-Consider changing “emergency PCI” to “urgent PCI” throughout the 
manuscript.  
 
-Pg 5 Section 2.4: The authors state that the mid-LAD lesion was 
identified as the cause of ACS as either 1) the location where PCI 
was performed or 2) identified as the cause of ACS by the PCI 
operator. The authors should state specific criteria utilized to make 
this important determination. The authors should also specify why 
PCI was not performed in cases where the mid-LAD lesion was 
identified as the culprit.  
 
Results:  
 
-63% of patients presented with STEMI – what was the indication for 
coronary angiography in the remaining patients? Were these 
NSTEMI patients? What criteria was used to determine which 
NSTEMI patients required urgent coronary angiography?  
 
-The authors should provide in the text the number of patients with 
aVL T wave inversion in the entire cohort including the number with 
isolated aVL T wave inversions.  
 
-Was their any difference in sensitivity/specificity in STEMI vs non-
STEMI patients?  
 
-Was their any difference in the presence of aVL T wave inversion in 
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cases with single, isolated mid-LAD disease versus patients with 
multi-vessel CAD?  
 
-Was time from symptom onset to initial ECG (and examination of 
aVL) a factor? This data should be provided if possible.  
 
-Did the authors evaluate the extent of T wave inversion. Could this 
be used to refine the criteria of aVL T Wave inversion to increase 
sensitivity/specificity?  
-It would be helpful to include example images with ECG with 
corresponding coronary angiogram. Demonstrating a case of aVL T 
wave inversion, isolated aVL T wave inversion, and absence of aVL 
T wave inversion would add to the manuscript.  
 
-Including additional data on patients presenting that did not undergo 
PCI would strengthen the manuscript. How often is aVL T waver 
inversion seen in patients without obstructive coronary disease?  
 
Discussion/Conclusion:  
 
-The authors should include (and caution) when describing high 
specificity of isolated aVL T wave inversion as predictor of mid LAD 
lesion that this was only observed in a small number of patients – 
12%. 

 

VERSION 1 – AUTHOR RESPONSE 

Responses to Reviewer #1:  

1. The study emphasize the difficulty and challenges of diagnosing ACS especially in early phases 

and that physician's continued effort in looking for subtle changes on surface ECG. They studied 

ECG's of patients with ACS who had emergenct PCI. They evaluated the diagnostic value of TWI in 

lead aVL isolated or in combination wiht other T wave changes. Their result showed that isolated TWI 

in lead aVL had high specificity. More studies with larger sample size is needed to appreciate the true 

predictive value of TWI in lead aVL. Their result and the results of other limited studies will encourage 

physician to conduct similar study in different population and different countries to appreciate the 

diagnostic value as well as the universal applicability.  

 

a. We thank you for your positive comments.  

 

 

2. One comment is to uniformly use the expression T wave inversion in aVL in combination with other 

T wave changes and isolated T wave inversion in lead aVL throughout the manuscript. It is not 

obvious in the abstract or result section what the two groups represent, it is only specified in the 

discussion section only.  

 

a. We appreciate the opportunity to clarify this point. We misused “stratification” – we should have 

used “limiting to” or “focusing on” patients with isolated T wave inversion. In this study, first, we 

examined the association between T wave inversion in lead aVL regardless of other T wave changes 

and MLAD lesion. Then, we focused on isolated T wave inversion. To avoid confusion, we have 

clarified the difference between T wave inversion in lead aVL regardless of other T wave changes and 

isolated T wave inversion in lead aVL throughout the manuscript.  

 

Additionally, we have analysed data with a focus on T wave inversion in lead aVL in combination with 

other T wave changes. As shown in the eTable 1 (in the attached file for editor’s only), there were no 

material differences (i.e., not clinically useful) compared to the main findings of T wave inversion in 
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lead aVL regardless of other T wave changes.  

 

Diagnostic values of T wave inversion in lead aVL in combination with other T wave changes for 

MLAD lesion:  

Sensitivity 23.2% (95% CI, 14.6%–33.8%), specificity 61.3% (95% CI, 52.6%–69.5%), positive 

predictive value 26.4% (95% CI, 16.7%–38.1%), and negative predictive value 57.1% (95% CI, 

48.7%–65.3%).  

 

Diagnostic values of T wave inversion in lead aVL in combination with other T wave changes for 

MLAD lesion as the cause:  

Sensitivity 10.8% (95% CI, 3.0%–25.4%), specificity 62.6% (95% CI, 55.2%–69.7%), positive 

predictive value 5.6% (95% CI, 1.5%–13.6%), and negative predictive value 77.6% (95% CI, 69.9%–

84.0%).  

 

 

3. A recent study by Green M et al. in the Journal of electo physiology 2006 showed the best single 

lead for the Emergency detection of ACS was lead aVL (Green M, Ohlsson M, Forberg JL, Björk J, 

Edenbrandt L, Ekelund U.J Electrocardiol. 2007 Jul;40(3):251-6. Epub 2007 Feb 8.PMID: 17292385). 

More work is on the way and it is encouraging.  

 

a. We thank you for your suggestion. We have cited the paper and stated the importance of the lead 

aVL in the Discussion section (page 10, para 2)  

 

 

4. page 3 line 3 add and myocardial necrosis after myocardial ischemia.  

a. Done.  

 

 

Responses to Reviewer #2:  

1. The authors evaluated retrospectively the accuracy of T wave inversion in aVL for predicting mLAD 

lesions responsible for ACS. The clinical question itself is not particularly relevant in my opinion, as 

EKG changes are one of the important criteria leading to an invasive strategy in ACS. Furthermore, 

the authors ignore the fact that Dg lesions can and frequently affect the aVL lead. They do not report 

Dg disease or its possible relationship to ACS.  

a. We thank you for your careful review. First, as you pointed out, electrocardiogram (EKG) changes 

may not be a definite factor leading to an invasive strategy in ACS. However, multiple studies have 

reported the diagnostic values of lead aVL for mid-LAD (MLAD) lesion,[1, 2] and emphasized the 

importance of lead aVL.[3, 4] Because of these likely roles of lead aVL among ACS patients, our data 

provide a foundation for future research to develop diagnostic and intervention strategies in this 

population.  

 

Second, we do not disagree with your suggestion that diagonal lesions can and frequently affect the 

aVL lead.[5] Nevertheless, we have focused on the MLAD lesion to maintain the consistency with the 

previous literature [1, 2]; therefore, we examined the association between T wave inversion in lead 

aVL and MLAD lesion regardless of the presence of diagonal lesions. In addition, although the first 

diagonal branch originates from proximal-LAD commonly,[6] it originates from MLAD in some cases. 

Thus, stratifying our results by the presence of diagonal lesion may increase complexity and 

redundancy. Nevertheless, we have examined the association between T wave inversion in lead aVL 

and diagonal branch lesion, with stratification by the presence of 1) the first diagonal branch lesion 

and 2) the second diagonal branch lesion.  

 

The sensitivity and specificity of T wave inversion in lead aVL regardless of other T wave changes for 
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predicting the first diagonal lesion were not clinically meaningful. By contrast, isolate T wave inversion 

had a high specificity of 89.0% and a high negative predictive value of 82.8% (please see the eTable 

2 in the attached file for editor’s only).  

 

For second diagonal lesion, T wave inversion in lead aVL regardless of other T wave changes had a 

high negative predictive value of 91.3%. Likewise, isolate T wave inversion had a high specificity of 

89.0% and a high negative predictive value of 92.9%.  

 

Although these results may provide further information for readers, we did not include these results in 

the revised manuscript because, as stated above, we have focused on the association between T 

wave inversion in lead aVL and MLAD lesion and to avoid the complexity. Instead, we have discussed 

these issues in the Limitations section (page 11, para 1)  

 

Diagnostic values of isolated T wave inversion in lead aVL for predicting the first diagonal lesion:  

Sensitivity 17.9% (95% CI, 7.5%–33.5%), specificity 89.0% (95% CI, 83.4%–93.3%), positive 

predictive value 26.9% (95% CI, 11.6%–47.8%), and negative predictive value 82.8% (95% CI, 

76.6%–87.9%).  

 

Diagnostic values of T wave inversion in lead aVL regardless of other T wave changes for predicting 

the second diagonal lesion:  

Sensitivity 44.4% (95% CI, 21.5%–69.2%), specificity 55.0% (95% CI, 47.6%–62.2%), positive 

predictive value 8.5% (95% CI, 3.7%–16.1%), and negative predictive value 91.3% (95% CI, 84.6%–

95.8%).  

 

Diagnostic values of isolated T wave inversion in lead aVL for predicting the second diagonal lesion:  

Sensitivity 27.8% (95% CI, 9.7%–53.5%), specificity 89.0% (95% CI, 83.7%–93.1%), positive 

predictive value 19.2% (95% CI, 6.6%–39.4%), and negative predictive value 92.9% (95% CI, 88.2%–

96.2%).  

 

 

Responses to Reviewer #3:  

1. Nakanishi and colleagues report their findings from a retrospective study in 219 ACS patients 

undergoing coronary angiography and the association of aVL T wave inversion with mid-LAD 

occlusion. The authors found that, in general, the presence of aVL T wave inversion had a low 

sensitivity/specificity for prediction of mid-LAD lesion, but a high specificity in cases where isolated 

aVL T wave inversion was observed.  

 

a. We appreciate your careful review.  

 

 

2. Abstract: Include the number of patients included in the analysis.  

 

a. As requested, we have added the number of patients included in the analysis to the Abstract.  

 

 

3. Methods: Consider changing “emergency PCI” to “urgent PCI” throughout the manuscript.  

 

a. As suggested, we have changed “emergency PCI” to “urgent PCI” throughout the manuscript.  

 

 

4. Methods: Pg 5 Section 2.4: The authors state that the mid-LAD lesion was identified as the cause 

of ACS as either 1) the location where PCI was performed or 2) identified as the cause of ACS by the 
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PCI operator. The authors should state specific criteria utilized to make this important determination. 

The authors should also specify why PCI was not performed in cases where the mid-LAD lesion was 

identified as the culprit.  

 

a. We appreciate the opportunity to clarify these points. That sentence was misleading and we have 

revised. In the current study, we included consecutive adult patients who underwent urgent PCI – all 

patients in the current study underwent PCI. However, in patients with multi-vessel disease, it was 

difficult to determine the culprit artery. In such cases, the well-experienced PCI operator determined 

the culprit artery comprehensively based on the angiographic findings, ultrasonographic findings, 

ECG findings, and the patient’s symptoms. Additionally, when we did not determine the culprit artery 

based on the record, we confirmed the culprit artery with the PCI operator directly.  

 

The revised sentence is as follows: “The MLAD lesion as the cause for ACS was defined as 1) the 

MLAD lesion where PCI was performed or 2) the MLAD lesion diagnosed as the cause by the PCI 

operator in the case with multi-vessel disease”.  

 

 

5. Results: 63% of patients presented with STEMI – what was the indication for coronary angiography 

in the remaining patients? Were these NSTEMI patients? What criteria was used to determine which 

NSTEMI patients required urgent coronary angiography?  

 

a. We appreciate the opportunity to clarify these points. Of 219 patients, 137 (63%) patients were 

STEMI and leaving 82 (37%) patients were NSTEMI. We have highlighted these results in the Results 

section (page 7, para 2 / Table 2). The determinants for coronary angiography (CAG)/PCI for NSTEMI 

patients depended on the patient’s condition/symptoms and the decision of the PCI operator. While 

our centre does not have standardized CAG/PCI criteria for NSTEMI patients, board-certificated 

cardiologists assessed the need for coronary angiography based on the information on patient’s 

symptoms, laboratory findings, ECG findings, and ultrasonographic findings. We have added these 

issues in the Methods section (page 4, para 2).  

 

 

6. Results: The authors should provide in the text the number of patients with aVL T wave inversion in 

the entire cohort including the number with isolated aVL T wave inversions.  

 

a. As requested, we have added the number of patients with T wave inversion in lead aVL in the 

entire cohort including the number with isolated T wave inversions to the Results section (page 7, 

para 3). From 2012 to 2013, a total of 263 patients received urgent PCI for ACS. Among them, 108 

patients had T wave inversion in lead aVL regardless of other T wave changes and 26 patients had 

isolated T wave inversion in lead aVL. After excluding patients who met the exclusion criteria, a total 

of 219 patients were eligible for the analysis. Among them, 98 patients had T wave inversion in lead 

aVL regardless of other T wave changes and 26 patients had isolated T wave inversion in lead aVL.  

 

 

7. Results: Was there any difference in sensitivity/specificity in STEMI vs non-STEMI patients?  

 

a. We appreciate your insightful suggestion. As suggested, we have divided our data into 1) STEMI 

and 2) NSTEMI. As shown in the eTable 3 (in the attached file for editor’s only), among patients with 

STEMI, in both analyses (i.e., T wave inversion in lead aVL regardless of other T wave changes, and 

isolated T wave inversion in lead aVL), the diagnostic values were similar to the main results. On the 

other hands, among patients with NSTEMI, T wave inversion in lead aVL regardless of other T wave 

changes had a high specificity of 85.3%. Because there was only one patient with isolated T wave 

inversion in lead aVL, the diagnostic values of those for MLAD lesion among patients with NSTEMI 
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were not reliable. Although these results may provide further information for readers, we did not 

include the results in the revised manuscript to avoid complexity.  

 

Diagnostic values of T wave inversion in lead aVL regardless of other T wave changes in ST-

elevation myocardial infarction:  

Sensitivity 45.8% (95% CI, 31.4%–60.8%), specificity 32.6% (95% CI, 23.0%–43.3%), positive 

predictive value 26.8% (95% CI, 17.6%–37.8%), and negative predictive value 52.7% (95% CI, 

38.8%–66.3%).  

 

Diagnostic values of T wave inversion in lead aVL regardless of other T wave changes in non ST-

elevation myocardial infarction:  

Sensitivity 22.9% (95% CI, 12.0%–37.3%), specificity 85.3% (95% CI, 68.9%–95.0%), positive 

predictive value 68.8% (95% CI, 41.3%–89.0%), and negative predictive value 43.9% (95% CI, 

31.7%–56.7%).  

 

 

8. Results: Was there any difference in the presence of aVL T wave inversion in cases with single, 

isolated mid-LAD disease versus patients with multi-vessel CAD?  

a. As suggested, we have analysed the data with stratification by the presence of multi-vessel 

coronary artery disease. As shown in the eTable 4 (in the attached file for editor’s only), there were no 

material differences in the predictive values of T wave inversion for MLAD lesion compared to our 

main results.  

 

Diagnostic values of T wave inversion in lead aVL regardless of other T wave changes in Single-

vessel disease:  

Sensitivity 11.5% (95% CI, 2.4%–30.2%), specificity 44.0% (95% CI, 32.5%–55.9%), positive 

predictive value 6.7% (95% CI, 1.4%–18.3%), and negative predictive value 58.9% (95% CI, 45.0%–

71.9%).  

 

Diagnostic values of isolated T wave inversion in lead aVL regardless of other T wave changes in 

Single-vessel disease:  

Sensitivity 3.8% (95% CI, 0.1%–19.6%), specificity 88.0% (95% CI, 78.4%–94.4%), positive predictive 

value 10.0% (95% CI, 0.3%–44.5%), and negative predictive value 72.5% (95% CI, 62.2%–81.4%).  

 

Diagnostic values of T wave inversion in lead aVL regardless of other T wave changes in Multi-vessel 

disease:  

Sensitivity 42.9% (95% CI, 29.7%–56.8%), specificity 53.2% (95% CI, 40.1%–66.0%), positive 

predictive value 45.3% (95% CI, 31.6%–59.6%), and negative predictive value 50.8% (95% CI, 

38.1%–63.4%).  

 

Diagnostic values of isolated T wave inversion in lead aVL regardless of other T wave changes in 

Multi-vessel disease:  

Sensitivity 12.5% (95% CI, 5.2%–24.1%), specificity 85.5% (95% CI, 74.2%–93.1%), positive 

predictive value 43.8% (95% CI, 19.8%–70.1%), and negative predictive value 52.0% (95% CI, 

41.8%–62.0%).  

 

 

9. Results: Was time from symptom onset to initial ECG (and examination of aVL) a factor? This data 

should be provided if possible.  

a. We appreciate the opportunity to clarify this important point. There was no difference in the time 

from symptom onset to initial ECG between patients with T wave inversion and those without 

(p=0.85). Among patients with T wave inversion in lead aVL, the median time from symptom onset to 
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initial ECG was 157 min (IQR, 97-293 min). Among patients without T wave inversion in lead aVL, the 

median time from symptom onset to initial ECG was 173 min (IQR, 78-344 min).  

Likewise, there was no difference in the time from symptom onset to initial ECG between among 

patients with isolate T wave inversion and those without (192 min [IQR, 100-303 min] vs. 167 min 

[IQR, 82-316 min]; p=0.73). We have added the information on the time from symptom onset to initial 

ECG in the Results section (page 7, para 3).  

 

 

10. Results: Did the authors evaluate the extent of T wave inversion. Could this be used to refine the 

criteria of aVL T Wave inversion to increase sensitivity/specificity?  

 

a. We appreciate the opportunity to clarify these points. As we defined the T wave inversion based on 

the guidelines (≤ -0.1 mV),[7] we did not measure the further extent of T wave inversion. However, to 

maintain the consistency with the previous literature, we have re-analysed the data by using the 

definition of T wave inversion as T wave <0 mV. As shown in the eTable 5 (in the attached file for 

editor’s only), there were no material differences compared to the results using the definition of T 

wave inversion ≤ -0.1mV. To avoid the redundancy, we did not add these results to the revised 

manuscript.  

 

Diagnostic values of T wave inversion in lead aVL regardless of other T wave changes in T wave < 0 

mV:  

Sensitivity 54.9% (95% CI, 43.5%–65.9%), specificity 32.8% (95% CI, 25.1%–41.4%), positive 

predictive value 32.8% (95% CI, 25.1%–41.4%), and negative predictive value 54.9% (95% CI, 

43.5%–65.9%).  

 

Diagnostic values of T wave inversion in lead aVL regardless of other T wave changes in T wave < 0 

mV:  

Sensitivity 9.8% (95% CI, 4.3%–18.3%), specificity 86.9% (95% CI, 80.0%–92.0%), positive predictive 

value 30.8% (95% CI, 14.3%–51.8%), and negative predictive value 61.7% (95% CI, 54.4%–68.5%).  

 

 

11. Results: It would be helpful to include example images with ECG with corresponding coronary 

angiogram. Demonstrating a case of aVL T wave inversion, isolated aVL T wave inversion, and 

absence of aVL T wave inversion would add to the manuscript.  

 

a. Thank you for your helpful suggestion. As suggested, we have added the example images with 

ECG were shown in Supplemental Figure 1-2 in the revised manuscript. Absence of aVL T wave 

inversion was not added to avoid complexity.  

 

 

12. Results: Including additional data on patients presenting that did not undergo PCI would 

strengthen the manuscript. How often is aVL T waver inversion seen in patients without obstructive 

coronary disease?  

 

a. We do not disagree with your suggestion. However, unfortunately, we have collected data focusing 

on PCI patients because the main objective in the current study is to examine the association 

between T wave inversion in lead aVL and MLAD lesion. We have highlighted these issues in the 

Limitations section (page 11, para 1).  

 

 

13. Discussion/Conclusion: The authors should include (and caution) when describing high specificity 

of isolated aVL T wave inversion as predictor of mid LAD lesion that this was only observed in a small 
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number of patients – 12%.  

 

a. We thank you for your suggestion. As suggested, we have discussed the issue about the small 

number of patients with isolated T wave inversion in the Limitations section (page 11, para 1).  
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VERSION 2 – REVIEW 

REVIEWER Getaw Worku Hassen 
NYMC, Metropolitan Hospital Center, New York, USA 

REVIEW RETURNED 14-Dec-2015 

 

GENERAL COMMENTS Authors have addressed the requested items  

 

REVIEWER Sorin Brener MD 
NY Methodist Hospital  
USA 

REVIEW RETURNED 21-Dec-2015 

 

GENERAL COMMENTS I thank the authors for the revisions. They did not, in my opinion, 
alter the deficiencies I mentioned in my original review  
I also disagree with the authors regarding the relationship between 
the DG branch and LAD segmentation, which is exclusively 
determined by the origin of the SP.  
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REVIEWER Cory M. Tschabrunn 
Cardiovascular Institute  
Beth Israel Deaconess Medical Center  
Harvard Medical School  
Boston, MA USA 

REVIEW RETURNED 11-Dec-2015 

 

GENERAL COMMENTS The authors have responded to all of my questions/concerns and 
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