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Objectives: To study the relation between lead aVR ST segment elevation (aVRSTE) and angiographic coro-
nary artery lesions in patients with acute coronary syndrome (ACS).
Material and Method: From January 2001 to December 2001, the authors retrospectively studied 26 con-
secutive patients who were admitted to the coronary care unit, Chest disease Institute with ACS. The admis-
sion 12-lead EKGs,chest X-ray, troponin T, creatine phosphokinase (CPK), creatine kinase MB fraction (CK
MB) and blood chemistry including fasting blood sugar, renal function test (BUN and creatinine), electrolytes
and lipid profiles were obtained and analyzed before coronary angiogram. CAG was performed in all within
48 hours after admission. The admission 12-lead EKGs and angiographic coronary artery lesions were
analyzed.
Results: There were 26 patients (M:F = 21:5) with a mean age of 64 + 9 yr.The culprit lesions were located at
the left main coronary artery (LM) in 5 (19%), the left anterior descending artery (LAD) in 8 (31%), the right
coronary artery (RCA) in 11 (42%) and the left circumflex artery (LCX) in 2 (8%). Of these, aVRSTE (> 0.1 mV)
was detected in 9 (35%), 4 in the LM group (80%). 3 in the RCA group (27%) and 2 in the LAD group (25%).
The findings of aVRSTE distinguished the LM group from the non LM group (LAD, RCA and LCX ), with 80%
sensitivity, 76% specificity and 77% accuracy.
Conclusion: In patients with acute coronary syndrome, lead AVR ST segment elevation is associated with the
culprit left main coronary lesion.
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Acute coronary syndrome (ACS) consists of
acute ST elevation myocardial infarction (STEMI),acute
non-ST elevation myocardial infarction (NSTEMI) and
unstable angina (UAP).The electro-cardiogram (ECG)
is sensitive and valuable for detecting ACS. It showed
ST elevation in patients with acute STEMI and hori-
zontal ST depression in those with acute NSTEMI and
UAP. However lead aVR is a mostly ignored but very
valuable lead in ACS(1,3,11). It repre-sents abnormalities
of the right upper side of the heart (right ventricular
outflow tract) and basal part of the interventricular
septum. Lead aVR can inform reciprocal changes from

the left lateral side covered by lead aVL, II, V5 and
V6

(1,2). ST segment elevation in lead aVR determined
myocardial ischemia or infarction of the basal part of
the interventricular septum and culprit coronary lesions
in patients with acute coronary syndrome (ACS). Those
lesions are acute left main occlusion(3), proximal left
anterior descending artery occlusion(4) and 3-vessel
coronary artery disease(5).

Objectives
The auithors’ aim was to study the relation

between lead aVR ST segment elevation and angio-
graphic coronary artery lesions in patients with ACS.

Type of study
Retrospective.
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Material and Method
From January 2001 to December 2001, the

authors studied 31 consecutive patients who were
ad-mitted to the coronary care unit, Chest Disease
Institute with a diagnosis of ACS. The authors excluded
5 pa-tients who died before coronary angiogram.There
were another 12 patients who were admitted to the car-
diac wards other than CCU and CAG was not performed
on their admission. All 26 studied patients had the
follow-ing investigations on admission including 12-
lead EKGs, chest X-ray, troponin T, creatine phospho-
kinase (CPK), creatine kinase MB fraction (CK MB)
and blood chemistry including fasting blood sugar,
renal function test (BUN and creatinine), electrolytes
and lipid pro-files.CAG was performed in all within 48
hours after admission.

Definition
Acute coronary syndrome includes acute ST

elevation myocardial infarction (STEMI),acute non-ST
elevation myocardial infarction (NSTEMI) and unstable
angina (UAP).

Culprit lesion(6) was the coronary artery lesion
which was totally occluded or showed severe stenosis
(flow delay-TIMI flow grade 1 or local dissection or
thrombosis or more than 75% stenosis). The authors
categorized coronary artery culprit lesions to the left
main group (LM), the left anterior descending group
(LAD), the left circumflex group (LCX) and the right
coronary group (RCA).

• ECG: The 12-lead EKGs recorded on admis-
sion were analyzed (averaged 5 consecutive beats)
and ST segment elevation were measured.

• A ST segment deviation either elevation or
depression was determined as the mean value of 5 con-
secutive beats measured at 60 milliseconds after the J
point of the QRS complex. ST segment elevation was
defined as present when ST segment elevation was
> 0.05 mV or 0.5 mm in the limb leads and aVR lead and
ST segment elevation was > 0.1 mV or 1 mm in the
pre-cordial leads. Inter-observer and intra-observer
diffe-rences were checked by using 12 randomized
selected ECG tracings from 4 groups.Then measure-
ments were perfomed by 2 cardiologists who did not
know any angiographic findings.

Statistical and analysis
• Descriptive data were expressed as mean +

SD
• The incidence of ST segment elevation in

aVR and all leads were analyzed and compared between

LM group, LAD group and RCA group using univariate
analysis, and the Fisher Exact test.

• The differences in ST segment elevation
between lead aVR, lead aVR and V1 were examined and
compared between LM group vs. LAD group and LM
group vs. RCA group using one-way and two-way
ANOVA test.

• At p value < 0.05 was considered statisti-
cally significant.

Results
Patients’ characteristics (Table 1)

There were 26 studied patients with the mean
age around 64 years old, ranging from 46 to 77. Male
was predominant. Diabetes mellitus and hypertension
was found in 31% and 35%.Current cigarette smoking
and family history of CVD was 24% and 19% respec-
tively. 24% had hypercholesterolemia and 42% had
LDL-C more than 100 mg/dl and HDL less than 40 mg/dl.

The culprit lesions were located at the left main
coronary artery (LM) in 5 (19%), the left anterior des-
cending artery (LAD) in 8 (31%), the right coronary
artery(RCA) in 11 (42%) and the left circumflex artery in
2 (8%).Troponin T was positive (>0.1 mg/ml.) more in
LM group (80%) than in the LAD (50%) and RCA
group(45%). Intraaortic balloon pump was needed to
support hemodynamics of the patients before coronary
angiogram was performed in 20% of the LM group,
12.5% in the LAD group and 27% in the RCA group.
Collateral arteries from the right coronary artery were
found in 60% of the LM group and 37.5% of the LAD
group and the left anterior descending artery gave

Table 1. Patients’ characteristics

Characterisics  (N = 26 case)

Age (years)

Male:Female
DM (%)
HT (%)
Total cholesterol > 200 mg/dl (%)
LDL-C > 100 mg/dl (%)
HDL< 40 mg/dl (%)
Current cigaretee smokers (%)
Familal history of CVA and CVD
  death(%)
History of prior MI (%)
Prior history of ichemic heart disease
Mean time from onset to coronary
  angiogram (hours)

Value

64 + 9
(range 46-77)

21:5
  8 (31)
  9 (35)
  6 (24)
11 (42 )
11 (42 )
  6 (24)
  5 (19)

  3 (12 )
  5 (19)
22.6
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colla-terals to the right coronary artery in 63% of the
RCA group (Table2).The mean duration from the onset
of ACS to CCU admission was 11.2 hours in the LM
group, 12.5 hours in the LAD group, 37 hours in the
RCA group and 10.8 hours in the LCX group.

Incidence of aVR ST segment elevattion
The admission ECG revealed aVR ST segment

elevation (> 0.1 mV.) in 9 (35%), 4 in the LM group (80%
of the LM group and 44% of all positive aVR ST eleva-
tion), 3 in the RCA group (27% of the RCA group and
33% of all positive aVR ST elevation) and 2 in the LAD
group (25% of the LAD group and 22% of all positive
aVR ST elevation). The sensitivity and specificity of
Lead aVR ST elevation in detection of the left main
culprit coronary lesion was respectively 80% and 76%.
The positive and negative predicted values were 44%
and 94% respectively.

The prevalence of ST segment elevation in each lead
among the LM, LAD and RCA group (Fig. 1)

The percentage of ST segment elevation in

lead aVR and V1 was 60% and 80% in the LM group
12.5% and 25% in the LAD group and 19% and 9% in
the RCA group.

Comparison between degree of ST segment elevation
in the LM group and ST segment elevation in the
LAD group

Univariate analysis for distinguishing between
the LM and LAD Groups was done. Degree of ST seg-
ment elevation in lead aVR was significantly higher in
the LM group than the LAD group and RCA group
(LM group: LAD group: RCA group = 0.22 + 0.20: 0.03
+ 0.08 mV: 0.04 + 0.07 mV; p = 0.009). The greater degree
of ST elevation in lead aVR than lead V1 ST elevation
showed no statistically significant diffe-rence between
the LM group, the LAD group and the RCA group (ST
segment shift Lead aVR - ST segment shift Lead V1 LM
group: LAD group: RCA group = 0.06 + 0.27: -0.06 +
0.14 mV: -0.02 + 0.17 mV; p = 0.38).

Clinical outcomes in ACS studied patients
There were 2 deaths in patients with aVR ST

Table 2. Univariate analysis of the degree of ST segment elevation for distinguishing between the Left main coronary artery
group (LM) , the left anterior descending artery group (LAD) and the right coronary arteery group (RCA)

ST segment shift LM group LAD group RCA group p  value
   (n = 5)     (n = 8)    (n = 11)

Lead aVR (mV) 0.22 + 0.20*  0.03 + 0.08*  0.04 + 0.07* < 0.05*
Lead V1 (mV) 0.16 + 0.11  0.09 + 0.21  0.03 + 0.06     NS
Lead aVR-V1 (mV) 0.06 + 0.27 -0.06 + 0.14 -0.02 + 0.17     NS

Fig. 2 The prevalence of ST segment elevation  in each leads among the LM, LAD and RCA group
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segment elevation (22%) but there was no death in
those with aVR non-ST segment elevation. Revascula-
rization was performed in all either percutaneous coro-
nary intervention (aVR ST segment elevation vs. aVR
non-ST segment elevation: 22% vs 42%) or coronary
artery bypass graft (aVR ST segment elevation vs. aVR
non-ST segment elevation: 78% vs 58%)

Analysis of intra-observer variability
The intra-observer mean differences in the

limb leads was 0.01 + 0.03 mV. The intra-observer mean
differences in chest or precordial leads was 0.01 + 0.04 mV.
The correlation coefficient efficient was 0.9 at p < 0.001.

Discussion
Lead aVR ST segment elevation with less ST

segment elevation in V1 in patients with acute coro-
nary syndrome are considered to relate with culprit left
main coronary artery disease. Lead aVR ST segment
elevation determines severe coronary artery disease
such as acute left main occlusion(3), proximal LAD
lesion(4) and three-vessel coronary artery disease(5).
There was a report by Barrabes JA et al about the poorer
outcome predicted by ST-segment elevation in lead
aVR in patients with a first non-ST segment elevation
acute myocardial infarction(9).However, significance of
a lead aVR in clinical cardiology is not only in patients
with acute coronary syndrome but also in those with
acute pulmonary embolism(10) and cardiac arrhythmia
such as AV nodal tachycardia and ventricular tachy-
cardia(11).

There were reports of the relationship of
significance of lead aVR, the site of coronary occlu-
sion and the size of area at risk. ST elevation in lead
aVR are highly related with acute left main coronary
artery occlusion(3), proximal left anterior descending
artery occlusion(4) and three-vessel coronary artery
disease(5).The present study revealed significance of
lead aVR ST segment elevation in the patients with
acute coronary syndrome.It was found in 35% of the
studied patients. The majority of those with aVR ST
segment elevation had the culprit lesion at the left main
coronary artey (80% of the left main group,27% of the
RCA group and 25% of the LAD group).This preva-
lence in the left main group is not different from a pre-
vious report by Yumaji et al (88% in the left main
group)(3) but its prevalence in the LAD group is less
than the study of Engelen et al (43% in the LAD
group)(4) and Yumaji et al (43% in the LAD group)(3).In
three patients of the RCA group with aVR ST segment
elevation, dominant RCA was found.

Univariate analysis for distinguishing between
the LM and LAD Groups of the present study revealed
that (Table 2) the degree of ST segment elevation in
lead aVR was significantly higher in the LM group
than the LAD group. The most likely interpretation of
less ST segment elevation in lead V1 in the LM group
com-pared with the LAD group is the result of electri-
cal force induced by posterior wall ischemia in the LM
group counterbalancing the ischemia induced electri-
cal force in the anterior wall(4).

Clinical outcomes of ACS patients with lead
aVR ST segment elevation and lead AVR non ST seg-
ment elevation were different. There were 2 deaths (22%)
in patients with aVR ST segment elevation but there
was no death in those with aVR non-ST segment eleva-
tion. The left main coronary artery supplies a large myo-
cardium of the left ventriclearea and the culprit left main
has resulted in severe hemodynamic changes and high
mortality(7,8). Revascularization was performed more
either percutaneous coronary intervention or coronary
artery bypass graft in those with lead aVR ST segment
elevation.This corresponds with the previous studies
(3-5). The reason is that lead aVR ST segment elevation
represent the culprit left main coronary artery, proximal
LAD lesion and three vessel CAD. Those lesions had
worse outcomes in terms of death and revascularization.

Study limitations
1. The small number of patients.
2. Retrospective study.
3. Selected cases from the patients who were

admitted to the CCU
4. Interpretation of the relationship of the ECG

findings and culprit coronary artery lesions
5.The ECG findings in the patients who had

collateral artery may be different from those without
collateral arteries.

In patients with acute coronary syndrome,
Lead aVR ST segment elevation is associated with the
culprit left main coronary lesion.
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ความสำคญัของคลืน่ไฟฟา้หัวใจทีมี่ ST segment elevation ในลดีส์ aVR ในผูป่้วยทีมี่กลุม่อาการ
ทางคลินิกท่ีเกิดจากหลอดเลือดแดงโคโรนาร่ีตีบหรืออุดตันเฉียบพลัน

เกรยีงไกร  เฮงรัศม,ี วิรัช  เคหสขุเจรญิ, สุดารัตน ์ ตันสภุสวัสดิกลุ

วัตถุประสงค์: เพือ่ศกึษาความสมัพนัธร์ะหวา่งคลืน่ไฟฟา้หวัใจในชว่ง ทีมี่ ST segment elevation ในลีดส์ aVR กับ
รอยโรคในหลอดเลอืดแดงโคโรนารย์ีท่ีสำคัญ (culprit lesion) ในผู้ป่วยหลอดเลอืดหัวใจตีบหรืออุดตันเฉียบพลัน (acute
coronary syndrome หรือ ACS) ซึงตรวจดวัยการฉดีสารทบึรังสเีพือ่ตรวจหลอดเลอืดหวัใจ (Coronary angiogram
หรอื CAG)
วัสดุและวิธีการ: ต้ังแตเ่ดอืนมกราคม 2544 ถึงเดอืนธนัวาคม 2544 เราไดท้ำการศกึษาแบบยอ้นหลงั (Retrospective
study) ในผู้ป่วย26 รายจากผู้ป่วย 31 รายซึงรับไว้รักษาในหอผู้ป่วยหนักอายุรกรรมหัวใจของสถาบันโรคทรวงอก
ดว้ยกลุม่อาการ ACS ไดท้ำการตรวจ ECG, Chest X ray , ตรวจเลอืดหาระดบั troponin T , creatine phosphokinase
(CPK) , creatine kinase MB fraction (CK MB) กอ่นการทำ CAG สำหรับ CAG จะทำภายใน 48 ช่ัวโมงหลงัจาก
รับผู้ป่วยไว้ในโรงพยาบาล ได้นำผลการตรวจ ECG และ CAG มาทำการวิเคราะห์
ผลการศกึษา: ในจำนวนผูป่้วย26 รายเปน็ชาย 21 รายและหญงิ 5 ราย อายุเฉลี่ย 64 + 9 ปี รอยโรคสำคญัใน กลุม่
1 อยูท่ี ่Left main coronary artery (5 ราย, 19%), กลุ่ม 2 อยูท่ี ่proximal left anterior descending artery(8 ราย,
31%), กลุม่ 3 อยู่ที่ Right coronary artery (11 ราย,42%) และกลุม่ 4 อยูท่ี ่Left circumflex artery (2 ราย,8%)
ผลการตรวจ ECG พบว่ามี ST segment elevation ในลีดส์ aVR (aVRSTE) มากกว่า 1 มิลลิโวลท์ (mV) ในผูป่้วย 9
ราย (35%), 4 รายในกลุม่ 1 (80%) 3 รายในกลุม่ 2 (27%) และ 2 รายในกลุม่ 3 (25%) ECG ท่ีมี aVRSTE พบใน
ผู้ป่วยทีมี่รอยโรคสำคญัอยูท่ี ่Left main coronary artery มากกวา่รอยโรคสำคญัทีห่ลอดเลอืดหวัใจทีต่ำแหนง่อืน่โดย
มี sensitivity 80%, specificity 76 % และ accuracy 77%.
สรุป: ในผู้ป่วยหลอดเลือดหัวใจตีบหรืออุดตันเฉียบพลัน คลื่นไฟฟ้าหัวใจที่ม ST segment elevation ในลีดส์ aVR
มีความสมัพนัธก์บัรอยโรคที ่Left main coronary artery


