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Background: T-wave positivity in aVR lead patients with heart failure and anterior wall old ST-segment
elevation myocardial infarction (STEMI) are shown to have a higher frequency of cardiovascular
mortality, although the effects on patients with STEMI treated with primary percutaneous coronary
intervention (PCI) has not been investigated. In this study, we sought to determine the prognostic
value of T wave in lead aVR on admission electrocardiography (ECG) for in-hospital mortality in
patients with anterior wall STEMI treated with primary PCI.

Methods: After exclusion, 169 consecutive patients with anterior wall STEMI (mean age: 55 +12.9
years; 145 men) undergoing primary PCl were prospectively enrolled in this study. Patients were
classified as a T-wave positive (n = 53, group 1) or T-wave negative (n = 116, group 2) in aVR based
upon the admission ECG. All patients were evaluated with respect to clinical features, primary PCI
findings, and in-hospital clinical results.

Results: T-wave positive patients who received primary PCl were older, multivessel disease was
significantly more frequent and the duration of the patient’s hospital stay was longer than T-wave
negative patients. In-hospital mortality tended to be higher in the group 1 when compared with
group 2 (7.5% vs 1.7% respectively, P = 0.05). After adjusting the baseline characteristics, positive T
wave remained an independent predictor of in hospital mortality (odds ratio: 4.41; 95% confidence
interval 1.2-22.1, P = 0.05).

Conclusions: T-wave positivity in lead aVR among patients with an anterior wall STEMI treated
with primary PCl is associated with an increase in hospital cardiovascular mortality.
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The admission electrocardiogram (ECG) plays a
pivotal role in the diagnosis of ST-elevation my-
ocardial infarction (STEMI),! but routine clinical
practice often neglects lead aVR.?2™* Although the
prognostic value of ST-segment deviation in the
lead aVR in patients with STEMI has been demon-

strated,*”® no study was done in this patient pop-
ulation to show the prognostic value of T wave in
the lead aVR. Presence of T-wave positive in the
lead aVR in male gender,® patients with heart fail-
ure® and history of anterior STEMI?> was investi-
gated and patients with T-wave positive have been
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shown to have higher cardiovascular mortality
rate.

The aim of the study was to evaluate the effect of
T-wave amplitude in the lead aVR in patients who
had primary percutaneous coronary intervention
(PCI) for anterior wall STEMI on the in-hospital
clinical events.

PATIENTS AND METHODS
Patient Population

A total of 169 consecutive patients with anterior
wall STEMI who were admitted to the emergency
department of our hospital and treated with urgent
cardiac catheterization procedures were prospec-
tively evaluated. Patients fulfilling the following
criteria were included in the study: (i) presen-
tation within 12 hours from the onset of symp-
toms (typical chest pain lasting for >30 minutes);
(ii) the amplitude of the ST segments measured
60 milliseconds after J point being >2mm in at
least two contiguous ECG leads; (iii) the patient
was treated with primary PCI. The exclusion crite-
ria were as follows: no indication for angioplasty,
treatment with coronary bypass surgery, presence
of advanced valve disease, left or right bundle
branch block, intraventricular conduction distur-
bance, pacemaker rhythm, preexcitation on ECG,
left ventricular hypertrophy, inferior wall infarc-
tion, lateral wall infarction, and infarct history. A
12-lead ECGs (having the rate of 25 mm/s and the
calibration at amplitude of 1.0 mV/10 mm) were
recorded in all patients soon after their admission
to the hospital. The patients were subdivided into
two groups according to the T-wave amplitude on
the admission ECG; positive (>0.1 mV, n = 53,
groupl) and negative (<-0.1 mV, n = 116, group2;
Figure A and B, respectively). In all patients, the
amplitude of ST-segment deviation was recorded
in the lead aVR. A repeat 12-lead ECG was ob-
tained 60 minutes and 24 hours after primary PCI.
The sum of ST-segment elevations were measured
in leads V; through V. The difference between
two measurements (admission and 60 minutes) was
accepted as resolution of the sum of ST-segment
elevation and expressed as ST segment resolution
(>_STR). According to classification of Schroder
et al.,'” patients with > STR >50% were accepted
as no-reflow phenomenon (—), and patients with
>STR <50% were accepted as no-reflow phe-
nomenon (+). ECGs were analyzed by two inde-

pendent readers blinded to the outcome data. There
was 99% concordance for ECG interpretation for
the presence of T-wave positive and -negative. The
study protocol was approved by the Local Ethics
Committee.

Data Sources

Demographic data and the clinical history con-
cerning risk factors such as age, sex, diabetes melli-
tus (DM), hypertension, hyperlipidemia, smoking,
family history for coronary artery disease (CAD),
myocardial infarction, and previous drug use were
obtained from patients and medical records. Reper-
fusion time, door-to-balloon time and the presence
of prodromal angina were recorded. In addition
heart rate, blood pressure, and waist circumfer-
ence were measured at initial presentation. A phys-
ical examination was also performed. Blood val-
ues were determined at initial presentation (before
catheterization procedures) and on a daily basis
during the hospital stay. Transthoracic echocar-
diography (TTE) was performed within the first
24 hours after admission to the intensive cardi-
ologic care unit. TTE was performed by using a
system V (Vingmed, GE, Horten, Norway) with a
2.5-MHz phased-array transducer. The left ventric-
ular ejection fraction (EF) was measured using a
modified Simpson's rule.!!

Coronary Angiography, Primary
Angioplasty, and Stent Implantation

All patients received chewable aspirin (300 mg,
unless contraindicated) and clopidogrel (300 mg,
loading dose) before primary PCI. Angiographic
data was obtained from the records of the car-
diac catheterization laboratory. Emergency coro-
nary angiography was performed by the percu-
taneous femoral approach. In all cases, nonionic
low-osmolality contrast media was used. The first
injection was performed in the contralateral artery.
Flow in the left anterior descending artery (LAD)
was graded according to the Thrombolysis in My-
ocardial Infarction (TIMI) classification.!? Heparin
(10,000 U) was administered following the evalua-
tion of coronary anatomy. A coronary artery steno-
sis of more than 50%, was considered clinically
significant. Occlusion of the infarct-related artery
was crossed by using a 0.014-inch guidewire. Pri-
mary PCI, including balloon angioplasty, and/or
stent implantation was performed only in the
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infarct-related artery as determined by the lesion
anatomy. A successful intervention was defined as
a reduction in the stenosis or obstruction to less
than 50% with TIMI 3 flow after primary PCI.

After angioplasty, all patients were admitted
to the coronary care unit, where 500 U/hr of
intravenous heparin or 1 mg/kg per day of sub-
cutaneous low-molecular-weight heparin were ad-
ministered. Aspirin (100 mg/day) and clopidogrel
(75 mg/day) were continued in all patients. The
use of tirofiban was left to the discretion of the
operator.

Definitions

Anterior STEMI was Defined as ST-Segment Ele-
vation of 2 mm or More at the J-Point in 2 or More
Adjacent Precordial Leads on the Admission ECG.

DM was considered to be present in patients
with diabetes controlled by diet, oral hypoglycemic
agents, or insulin, as well as in cases discharged
from the hospital with a diagnosis of DM and/or
prescription of hypoglycemic agents. Hyperlipi-
demia was defined as either the use of lipid-
lowering agents, a total serum cholesterol level
>240 mg/dl or a serum triglyceride level >200
mg/dl. Reperfusion time was defined as the interval
from the onset of chest pain symptoms to the first
balloon inflation. Door-to-balloon time was defined
as the time between hospital admission and balloon
inflation. On the basis of the definition of the World
Health Organization, anemia was described as the
presence of a hemoglobin level of less than 13 g/dl
in men and 12 g/dl in women. Cardiogenic shock
was defined as marked and persistent (>30 min-
utes) hypotension with a systolic arterial pressure
lower than 80 mmHg, in combination with signs of
hypoperfusion due to left ventricular dysfunction
and mechanical complications. Patients were also
evaluated according to the Killip classification.!3
Multivessel disease was defined as presence of a
stenosis greater than 50% in >2 major epicardial
coronary arteries.

Prodromal angina was defined as typical chest
pain episode(s) persisting <30 minutes either at
rest or during effort 24 hours before the onset of
STEMI. A positive family history of CAD was de-
fined as documented evidence of CAD in a par-
ent or sibling before 60 years of age. Acute stent
thrombosis was defined as an abrupt onset of car-
diac symptoms (i.e., an acute coronary syndrome)

along with elevated biomarker levels or electro-
cardiographic evidence of myocardial injury after
stent deployment within the first 24 hours, accom-
panied by angiographic evidence of a flow-limiting
thrombus near a previously placed stent. Cardio-
vascular mortality was defined as sudden death
or mortality associated with acute myocardial in-
farction, heart failure, or arrhythmia. Reinfarction
was described as the elevation of serum creatine
kinase-MB enzyme levels by twice the upper limit
of normal values along with ST segment reeleva-
tion. Target vessel revascularization (TVR) was de-
fined as an angioplasty or a coronary artery by-
pass surgery due to restenosis or reocclusion in the
infarct-related artery. Major adverse cardiac events
(MACE) were defined as cardiovascular mortal-
ity, reinfarction, and repeat TVR (percutaneous or
surgical).

Statistical Analysis

Quantitative variables were expressed as mean
value £ SD, and qualitative variables were ex-
pressed as percent (%). Comparison of paramet-
ric values between two groups were performed
by means of two-tailed Student’s t-test. Categorical
variables were compared by the likelihood-ratio x?
test or Fisher's exact test. Backward stepwise mul-
tivariate Cox regression analysis, which included
variables with P < 0.1 was performed to iden-
tify independent predictors of in-hospital mortality.
Age > 75 years, ST-segment elevation and T-wave
positive in the lead aVR, multivessel disease, prox-
imal location of the lesion, LVEF (<40%) were en-
tered into the model. A P value < 0.05 was consid-
ered statistically significant. All statistical studies
were carried out with SPSS program (version 15,0,
SPSS, Chicago, IL, USA).

RESULTS
Clinical and Demographic Characteristics

Clinical and demographic characteristics of the
patients are shown in Table 1. Groupl were more
likely to be older (mean age: 58.8 £ 12.1 vs.
53.3 &£ 12.9, P = 0.009). When compared, group
1 had a flatter or more elevated ST segment in
the lead aVR. No significant difference was ob-
served between the two groups with regard to DM,
hypertension, female gender, prodromal angina,
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Table 1. Baseline Characteristics of Study Patients
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Table 2. Laboratory Findings of Patients

T wave (+) T wave (-) T wave (+) T wave (-)
(n=53) (n=116) P Value (n=53) (n=116) P Value
Age (years) 58.8(12.1) 53.3(12.9) 0.009 Admisson 0.91(0.3) 0.87(0.28) 0.41
Female 10(18.8) 14(12) 0.24 creatinine (mg/dl)
Diabetes mellitus 9(16.9) 21(18.1) 0.86 Peak CK-MB, U/L 257.7(236.1) 178.5(166.4) 0.07
Current smoker 32(60.3) 76(65.5) 0.52 Admission glucose 173.8(63.6) 157.5(70.4) 0.15
Family history for 24(45.2) 47(40.5) 0.56 (mg/dl)

CAD Total cholesterol 205.5(45.7) 193.7(53.9) 0.17
Hypertension 27(50.9) 44(37.9) 0.11 (mg/dl)

Hyperlipidemia 20(37.7) 33(28.4) 0.22 LDL-cholesterol 129.1(42.1) 121.3(40.9) 0.26
Prodromal angina 12(22.6) 28(24.1) 0.63 (mg/dl)

Stroke 3(5.6) 2(1.7) 0.16 HDL-cholesterol 43.1(10.8) 41.3(10.3) 0.3
SBP (mmHg) 129.2(25.7) 127.3(20.6) 0.62 (mg/dl)

DBP (mmHg) 76.7(16.5) 75.5(13.1) 0.6 Triglycerides 163.1(75.3) 150.8(88.3) 0.38
Heart rate 83(15.7) 80(11.3) 0.14 (mg/dl)

(beats/min) Hemoglobin (g/dl) 14.3(1.4) 14.6 (1.7) 0.25
Killip class >1 5(9.4) 5(4.3) 0.19 Leukocyte (103/ul) 12.8(3.9) 12.7(4) 0.97
Waist 95.5(16.5) 96.6(12.6) 0.66 Admission anemia 2(3.7) 11(9.4) 0.2

circumference

(cm) Mean values (SD) and % (n) are reported for continuous
Reperfusion time 251.4(195.2) 226.8(168.3) 0.4 and categorical variables, respectively. CK-MB = creatinine

(min) kinase-MB; LDL = low-density lipoprotein; HDL = high-
Door-to-balloon 35.3(19.1) 33.7(9.2) 0.47 density lipoprotein.

time (min)

ST segment in the <0.001 Table 3. Angiographic and Procedural
lead aVR Characteristics of Patients
Flat 32(60.3) 46(39.6)
Elevation 20(37.7) 39(33.6) Twave(+) T wave(-)
(>0.5mm) (n =53) (n=116) P Value
Depression 1(1.8) 31(26.7)
(<0.5mm) Multivessel 14(26.4) 14(12) 0.02
Pathologic Q wave 3(5.6) 2(1.7) 0.16 disease

in Pre-TIMI grade 0/1 52(98.1) 115(99.1) 0.44
the lead precordial Post-TIMI grade 0.27

(admission) 0/1 1(1.9) 4(3.4)

Pathologic Q wave 5(9.4) 5(4.3) 0.19 2 3(5.6) 0(8.6)

in 3 9(92.4) 102(87 9)
the lead precordial Stent 1(77.3) 88(75.8) 0.9

(24 hours) Stent length (mm) 19(4.1) 18.7(4.8) 0.76
> STR (<50%) 4(7.5) 7(6.1) 0.71 Stent diameter 3.07(0.3) 3.1(0.3) 0.34
Fractionation of the 2(3.7) 3(2.6) 0.67 (mm)

QRS Proximal location 43(81.1) 77(66.3) 0.05
Prior aspirin use 7(13.2) 18(15.5) 0.69 of the lesion
Prior beta-blocker 8(15) 25(21.5) 0.32 Tirofiban 24(45.2) 48(41.3) 0.63

use
Prior statin use 3(5.6) 434) 05 e eere 45849 10500.5) 0.8
Prior ACE/ARB use 12(22.6) 40(34.4) 0.12
Prior CCB use 4(7.5) 7(6) 0.71

Mean values (SD) and % (n) are reported for continuous
and categorical variables, respectively. CAD = coronary
artery disease; SBP = systolic blood pressure; DBP =
diastolic blood pressure; STR = ST-segment resolution; ACE/
ARB = angiotensin converting enzyme/angiotensin receptor
blocker; CCB = calcium channel blocker.

systolic blood pressure levels at first presenta-
tion, reperfusion time, door-to-balloon time, or
medication.

Biochemical Parameters

Biochemical parameters are shown in Table 2.

Mean values (SD) and % (n) are reported for continuous and
categorical variables, respectively. TIMI = Thrombolysis In
Myocardial Infarction.

Angiographic and Procedural
Characteristics

Angiographic and procedural characteristics for
both of the groups are shown in Table 3. The
frequency of multivessel disease in group 1 was
higher (26.4%, P = 0.02). There was no significant
difference between the two groups in regards to
the pre-procedur TIMI grade, postprocedur TIMI
grade, stent deployment, tirofiban use, and proce-
dural success.
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Table 4. In-Hospital Cardiac Events and
Complications

T wave(+) T wave(-)
(n =53) (n=116) P value
In-hospital mortality 4(7.5) 2(1.7) 0.05
Reinfarction 3(5.6) 1(0.8) 0.05
Target-vessel 1(1.8) 0(0) 0.14
revascularization
MACE 7(13.2) 3(2.5) 0.007
Serious ventricular 6(11.3) 13(11.2) 0.98
arrhythmia
Cardiogenic shock 7(13.2) 3(2.5) 0.007
Intraaortic balloon 6(11.3) 3(2.5) 0.02
pump
New atrial fibrillation 3(5.6) 1(0.8) 0.06
Complete 1(1.8) 0(0) 0.14
atrioventricular
block requiring
temporary
pacemaker
Acute stent 0(0) 5(4.3) 0.13
thrombosis
Time of hospital stay, 7.4(5.3) 6.1(2.6) 0.04
days
LVEF, (%) 41.1(8.1) 45.6(7.9) 0.09
Mean values (SD) and % (n) are reported for continuous
and categorical variables, respectively. MACE = major
adverse cardiac events (cardiovascular death, reinfarction,
target-vessel revascularization); LVEF = left ventricular

ejection fraction.

In-Hospital Outcomes

In-hospital mortality tended to be higher in group
1 than in group 2 (Table 4; 7.5% vs. 1.7% re-
spectively, P = 0.05). Reinfarction, MACE, cardio-
genic shock, and intraaortic balloon pump usage
were found to be of significantly more frequent in
group 1. However, serious ventricular arrhyth-
mias, new atrial fibrillation, and the frequency of
acute stent thrombosis was similar in both groups.
The duration of hospital stay was found to be sig-
nificantly longer in the group 1 in comparison with
that of the group 2 (7.4 + 5.3 vs. 6.1 &+ 2.6, respec-
tively, P = 0.04).

Independent Predictors of In-Hospital
Cardiovascular Mortality

Independent predictors of in-hospital cardiovas-
cular mortality are shown in Table 5. On multivari-
ate analysis, presence of multivessel disease, age >
75 years, and positive T wave in the aVR lead were
documented as independent predictors of mortal-
ity. Positive T wave in the aVR lead alone, was one

Table 5. Predictors of In-Hospital Mortality
Odds

Ratio % 95 CI P Value
Univarite predictors
Age > 75 years 5.61 1.4-18.2 0.01
ST segment 4.25 1.06-15.7 0.04
elevation in
the lead aVR
Proximal 4.8 1.38-15.5 0.01
location
LVEF (<40%) 3.86 0,85-11.82 0.07
Positive T wave 423 1.08-18.1 0.05
in the aVR lead
Multivessel 41 0.9-19.46 0.08
disease
Independent
Predictors

1.13-19.3 0.02
1.2-221 0.05

Age > 75 years 7.82

Positive T Wave 4.41
in the aVR lead

Multivessel 5.69
disease

0.91-21.4 0.04

LVEF = left ventricular ejection fraction; Cl = confidence
interval.

of the independently increase cardiovascular mor-
tality (odds ratio : 4.41, 95% confidence interval
1.2-22.1, P = 0.05).

DISCUSSION

To the best of our knowledge, this is the first
paper to investigate the associations of the positive
T wave in lead aVR patients with anterior STEMI
undergoing primary PCI. The main findings of the
present study are: (i) positive T wave patients are
older, (ii) the frequency of multivessel disease is
higher, and (iii) in-hospital events (death, reinfarc-
tion, MACE, and cardiogenic shock) are observed
more often. Also, positive T wave in aVR lead was
one of the independent predictors of in hospital
mortality.

Although the exact mechanism remains un-
known, there are two hypotheses as to why a pos-
itive T wave in lead aVR occurs on the ECG. It
has been speculated that long LAD and multives-
sel disease, in both cases, along with the injury to
the apical, inferior and lower lateral regions of the
heart, will lead to the deviatation of the vector of
the T wave towards the injured region and lead to
a flat or positive T wave.?!* The present study sug-
gests that a positive T wave in lead aVR in patients
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Figure 1. (A) Positive T wave in lead aVR on admission electrocardiography
among patients with anterior wall ST segment elevation myocardial infarction.
(B) Negative T wave in lead aVR on admission electrocardiography among
patients with anterior wall ST segment elevation myocardial infarction.

with anterior STEMI may be caused by multivessel
disease, which is in accordance with the study by
Cheng et al.}*

In this study, the rate of in-hospital mortality in
the patient population containing those who were
older, had multivessel disease, or had a higher fre-
quency of reinfarction was increased if the patients
had a positive T wave in the lead aVR. Group 1
when compared with group 2, had a higher rate
of ST-segment elevation in the lead aVR, which
may be due to the proximal LAD lesion.*%8 Prox-
imal LAD lesion may cause an increased morality
rate because of the expanse of the region of the
injury.

Limitations of the Study

Several limitations should be taken into consider-
ation while assessing the results of the study. First,
it has been shown in study by Shinozaki et al.?
that longer LAD may lead to the appearance of
the positive T wave in the lead aVR. The correla-
tion between LAD length and the postive T wave
in the lead aVR was not studied. If it was possi-
ble to view the LAD length of the patients in this
study, more data may have been provided. Second,
we have no data to support proposed explanations
regarding the underlying mechanism. Third, my-
ocardial viability and infarct size were not assessed
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during the hospital stay (using stress echocardiogra-
phy, magnetic resonance, etc). Fourth, there is not
enough data to explain the high rate of infarction in
group 1. More data is needed to clarify the cause of
the high rate of reinfarction. Fifth, postdischarge
follow-ups of this study have been performed. A
longer follow-up period may have provided addi-
tional data.

CONCLUSIONS

Although primary PCI is quite successful in pa-
tients in the general population, a positive T wave
in aVR lead among patients with anterior STEMI is
strongly associated with increased in-hospital car-
diovascular mortality.
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