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Associated with Multivessel Disease and Increased
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Background: ST segment elevation of chest lead V4R is associated with worse prognosis in acute
inferior ST-elevation myocardial infarction (STEMI). This study tried to determine the relationship
between ST elevation in the right precordial lead V4R and acute anterior STEMI.

Methods: Prospective study of 144 consecutive anterior STEMI patients: all had 15-lead ECG
recordings (12 conventional leads and V3R-V5R) obtained. Patients were classified into two groups
on the basis of presence (Group I, 50 patients) or absence (Group II, 94 patients) of ST-segment
elevation �0.5 mm in lead V4R.

Results: Multivessel involvement was significantly higher in Group I compared with Group II
(54% and 23% respectively, P < 0.001). Major adverse cardiac events and in-hospital mortality was
also significantly higher for those in Group I (P < 0.02 for both). A significant correlation was found
between in-hospital mortality and those in Group I (P = 0.03, OR: 6.27, CI: 1.22–32.3). There was an
independent relationship between in-hospital mortality and V4R-ST elevation (P = 0.03, OR: 11.64,
CI: 1.3–27.4).

Conclusion: ST segment elevation in chest lead V4R is associated with multivessel disease
and increased in-hospital mortality in patients with anterior STEMI that had undergone primary
percutaneous coronary intervention to the left anterior descending artery.
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Coronary artery disease is the leading cause of
death worldwide.1 The electrocardiogram (ECG)
is a reliable diagnostic tool for diagnosis of
ST-elevation myocardial infarction (STEMI). For
accurate diagnosis and prediction of coronary
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artery lesions, different derivatives of the ECG
are being proposed and used over time. The right
precordial lead V4R is used for identification of
right ventricular involvement following an acute
inferior STEMI.2 Over time, it has been found that,
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the involvement of right ventricular infarction pre-
dicts worse prognosis in acute inferior STEMI.3,4

This right ventricular involvement may result
in arrhythmias, mostly conduction abnormalities,
and also ventricular fibrillation (VF)/tachycardia.5,6

Thus, elevation at V4R, is being used as a prognostic
tool in inferior STEMI patients. Additionally, the
presence of V4R elevation could predict the site
of coronary lesions, detect the culprit artery, and
enhance the usage of fibrinolytic treatment in acute
inferior wall STEMI.7,8

Although, the prognosis of acute inferior STEMI
is better than acute anterior STEMI, the presence
of V4R elevation indicating right ventricular
involvement, is related with worse prognosis in
acute inferior STEMI.3,4 In contrast to inferior
STEMI, lead V4R elevation has not being evaluated
well in acute anterior wall STEMI, neither for
diagnosis or prognosis. Limited data suggest a
V4R ST elevation could be related with worse
prognosis in acute anterior wall STEMI.9 This study
is designed to determine the probable relationship
between ST-segment elevation of lead V4R and
acute anterior STEMI in patients treated with
primary percutaneous coronary intervention (PCI).

METHODS

Patients

A total of 144 consecutive patients (123 men)
admitted to the emergency department with acute
anterior STEMI undergoing primary PCI within
12 hours of onset of symptoms were recruited
to this prospective study. The mean age ±
SD was 57.3 ± 12.3 years. The study was
conducted between October 2012 and October
2013. All patients underwent primary PCI to the
left anterior descending (LAD) coronary artery.
Patients presenting to hospital after 12 hours
of symptom onset were excluded. The study
protocol was approved by the local research ethics
committee.

Analysis of Data

Baseline and follow-up demographic data, and
laboratory and clinical data were collected. These
included, age, gender, past history of smoking,
hypertension (HT), diabetes mellitus (DM), hyper-
lipidemia, coronary artery bypass grafting (CABG),
door-to-balloon time, PCI procedure details, Killip

class on admission, post-PCI thrombolysis in
myocardial infarction (TIMI) 3 flow, and presence
of multivessel disease. Left ventricular ejection
fraction (LVEF) was measured by echocardiogra-
phy using the modified Simpson’s method with a
System V echo machine (Vingmed, GE, Horten,
Norway) prior to hospital discharge.10

A 15-lead resting ECG (12 conventional leads
and 3 right chest leads: V3R-V5R) was obtained on
admission to hospital, at 60 minutes and 24 hours
after hospitalization. The ST-segment elevation was
measured manually. Patients were classified into
two groups on the basis of presence (Group I)
or absence (Group II) of ST-segment elevation
(defined as �1 mm) in lead V4R. Patients with
bundle branch (left and right) block and that have
a marked LV hypertrophy were excluded.

Coronary Angiography, Primary
Angioplasty, and Stenting

Just after diagnosis of acute anterior STEMI,
coronary angiography was performed via a per-
cutaneous femoral approach by an interventional
cardiologist. All patients were given aspirin
300 mg (unless contraindicated) and clopidogrel
300–600 mg prior to coronary angiography. Pa-
tients’ angiographic data and TIMI flow classifi-
cation of the infarct-related artery were used.11

Primary coronary intervention was performed
to just the infarct-related artery using balloon
angioplasty and/or stent implantation according to
lesion anatomy. For each procedure, interventional
success was assumed if the stenosis of the infarct-
related artery was reduced by >50% with TIMI III
flow after primary PCI. The drugs administered
during and after the PCI procedure were in
accordance with current European Society of
Cardiology PCI Guidelines.12

Definition

The time from onset of symptoms to the first
balloon inflation was the pain to balloon time.
The door-to-balloon time was the time from
first contact at the emergency room to the first
balloon inflation. Patients clinical status at the
emergency department was evaluated according
to the Killip clinical examination.13 Glomerular
filtration rate was measured at bedside by using
the Cockcroft–Gault (C–G) formula.14 Multivessel
disease was assumed if >50% stenosis in >2
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coronary arteries was present. The Syntax score
was measured by using the syntax score website
(www.syntaxscore.com) by an interventional car-
diologist blinded to the study. Reinfarction was
described as chest pain recurrence accompanied
by ST segment reelevation. Contrast-induced
nephropathy was defined as a rise in serum
creatinine >0.5 umol/L or �25% increase of the
basal creatinine level within 48 hours of contrast
agent administration.14,15 Persistent (>30 minutes)
and marked hypotension (systolic arterial pressure
<80 mmHg) with signs of hypoperfusion was de-
fined as cardiogenic shock. Major adverse cardiac
events (MACE) were composed of target vessel
revascularization (PCI or surgical), reinfarction and
in-hospital cardiovascular mortality.

Statistical Analysis

Quantitative variables were expressed as mean ±
standard deviation, and qualitative variables were
expressed as percentage (%). Comparison of para-
metric values between two groups was performed
using the 2-tailed Student t test. Categorical
variables were compared by the likelihood ratio
chi-square w2 test or Fisher’s exact test. Multi-
variate logistic regression analysis was performed
to identify independent predictors of in-hospital
cardiovascular mortality. A 2-sided P < 0.05 was
considered as significant. All statistical analyses
were performed by using SPSS version 15.0 for
Windows (SPSS, Inc., Chicago, IL, USA).

RESULTS

A total of 144 patients were recruited (123 men
and 21 women). Baseline patient demographics
and laboratory findings are presented in Tables 1
and 2. There were 50 patients (mean age 61 ±
12.3 years) in Group I and 94 patients (mean
age 55 ± 12.6 years) in Group II. There were
no statistically significant differences between the
two groups in relation to age, sex, smoking,
history of HT, DM, previous myocardial infarction,
door-to-balloon time, prodromal angina, systolic
blood pressure, heart rate, and laboratory findings
such as creatinine, glomerular filtration rate,
cholesterol level, hemoglobin concentration, CK-
MB, and troponin levels. Group I patients were
older compared with Group II patients (61 ± 12.3
vs 55.4 ± 12.6, P = 0.01).

Table 1. Baseline Characteristics and Clinical
Outcomes of Study Population

V4R ST V4R ST
�0.5 mm < 0.5 mm P

Variable N = 50 N = 94 Value

Age (year) 61 ± 12.3 55.4 ± 12.6 0.01
Sex (women) 9 (6.25%) 12 (8.33%) 0.4
Smoking 31 (21.52%) 76 (52.77%) 0.09
Diabetes

mellitus
12 (8.33%) 16 (11.11%) 0.23

Hypertension 23 (15.97%) 34 (23.61%) 0.21
Metabolic

syndrome
24 (16.66%) 38 (26.38%) 0.33

Prodromal
angina

23 (15.97%) 52 (36.11%) 0.46

PBT (minutes) 212.3 ± 177.9 172 ± 92.8 0.08
DBT (minutes) 27.6 ± 11.6 26.6 ± 9.2 0.56
SBP (mm/Hg) 130 ± 29.4 126 ± 25.6 0.42
Killip class >1 9 (6.25%) 17 (11.80%) 0.99
Heart rate 89 ± 21.7 84.6 ± 18.1 0.15
Previous MI 4 (2.77%) 11 (7.63%) 0.51
Hyper-

lipidemia
19 (13.19%) 44 (30.55%) 0.28

PBT = pain to balloon time; DBT = door-to-balloon time; SBP
= systolic blood pressure; MI = myocardial infarction.

The angiographic data of both groups are
shown at Table 3. The angiographic results were
comparable including pre- and postangiographic
TIMI grade, proximal LAD involvement, and
measured syntax score. However, presence of
multivessel disease was significantly higher in
Group I patients (P < 0.001). In-hospital adverse
events are shown in Table 4. MACE, mostly driven
by increased in-hospital mortality was significantly
higher in Group I patients compared with Group 2
(8 vs 4 and 6 vs 2, P = 0.01 for both).

Univariate and multivariate logistic regression
analysis results are shown in Table 5. Multivariate
analysis revealed an independent relationship
between in-hospital mortality and V4R-ST segment
elevation and KILLIP class > I (P = 0.03, OR: 11.64,
CI: 1.3–27.4 and P = 0.03, OR: 44.76, CI: 3.6–101.4,
respectively).

DISCUSSION

This study has shown that, as in acute inferior
STEMI, ST elevation in chest lead V4R is asso-
ciated with increased in-hospital major adverse
clinical events in acute anterior STEMI. A recent
study, similarly designed with this study, had
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Table 2. Laboratory Findings of the Study Population

V4R ST > 0.5 mm V4R ST < 0.5 mm
N = 50 n = 94 P Value

Admission creatinine, umol/L 0.75 ± 0.42 0.9 ± 0.22 0.35
GFR, mL/min/1.73 m2 100.5 ± 36.3 108.3 ± 36 0.28
Admission glucose, mg/dL 156.8 ± 64.3 158.7 ± 60.8 0.86
Total cholesterol, mg/dL 187.4 ± 33.4 193.7 ± 57.3 0.5
LDL, mg/dL 121.7 ± 31.5 127.2 ± 52.6 0.52
HDL, mg/dL 42.6 ± 10.3 40.3 ± 10.3 0.22
Triglycerides, mg/dL 130.4 ± 61.1 131.2 ± 92.7 0.96
Hemoglobin, g/dL 13.4 ± 1.7 14.1 ± 1.8 0.04
Platelet, 103/mL 230.4 ± 56 217.7 ± 60.8 0.23
WBC, 103/mL 11.5 ± 3.6 12.4 ± 3.7 0.21
Peak CK-MB, IU/mL 177.1 ± 112.9 217.1 ± 168 0.14
Peak troponin, ng/mL 42 ± 14.1 43.9 ± 19.7 0.55

GFR = glomerular filtration rate; LDL = low-density lipoprotein; HDL = high-density lipoprotein; WBC = white blood cell; CK-MB
= creatin kinase-myocardial band.

Table 3. Angiographic Findings of Study Population

V4R ST � 0.5 mm V4R ST < 0.5 mm
n: 50 n: 94 P Value

Pre-TIMI 0-1 46 (92%) 81 (86.2%) 0.56
Pre-TIMI 2 3 (6%) 11 (11.7%) 0.56
Pre-TIMI 3 1 (2%) 2 (2.1%) 0.56
Post-TIMI 0-1 5 (10%) 4 (4.2%) 0.56
Post-TIMI 2 7 (14%) 16 (17%) 0.56
Post-TIMI 3 38 (76%) 74 (78.8%) 0.56
LAD proximal 28 (19.44%) 61 (42.36%) 0.26
Tirofiban 22 (15.27%) 42 (29.16%) 0.94
Syntax score 20.4 ± 6.8 19.7 ± 6.4 0.62
Stent length 20.6 ± 8.4 21.8 ± 5.8 0.37
Stent diameter 2.99 ± 0.57 3.2 ± 0.34 0.02
Multivessel disease 27 (54%) 22 (23%) <0.001

TIMI = thrombolysis in myocardial infarction; LAD = left anterior descending artery.

shown a relationship between V4R-ST elevation
and combined end point of death, acute heart
failure, and primary VF in patients with acute
anterior STEMI.9 They proposed that, infarction
or ischemia of a specific segment of myocardium
could be more related to acute heart failure risk
and VF initiation rather than infarct size and
elevation of cardiac enzymes.9 They found an
independent relationship between the involvement
of middle anteroseptal wall motion impairment and
VF.9 Different studies have proposed the impor-
tance of the interventricular septum at initiating
arrhythmias following myocardial infarction or
acute ischemia.16,17 Another study has shown the
importance of the interventricular septum at the
initiation of the torsade de pointes in canine wedge
preparations.18 Previously it has been shown that
the presence of a larger conal branch of right

coronary artery results in absence of ST segment
elevation in lead V1.19,20 This is strongly associated
with V3R elevation. It has been shown that a
larger conal branch protect the interventricular
septum.20 In this study, the global LVEF and
cardiac enzyme elevation were similar in both
groups as was VF incidence, in contrast to the study
by Barsheshet et al.9 The presence of proximal
LAD lesion was similar in both groups in our
study, similar to Barsheshet et al.9 In this study,
the middle anteroseptal wall motion was not
evaluated. In the study by Barsheshet et al. the
incidence of primary VF and acute heart failure
was higher in the V4R elevated group.9 Also in-
hospital mortality was significantly higher in the
V4R-ST elevation group. Both in this study and the
Barsheshet et al. study, the presence of a large conal
branch of right coronary artery was not recorded.
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Table 4. In-Hospital Adverse Events of Study Population

V4R ST � 0.5 mm V4R ST < 0.5 mm
n: 50 n: 94 P Value

In-hospital mortality 6 (4.16%) 2 (1.38%) 0.01
TVR 2 (1.38%) 2 (1.38%) 0.52
Reinfarction 3 (2.08%) 1 (0.69%) 0.09
MACE 8 (5.55%) 4 (2.77%) 0.01
Dialysis 2 (1.38%) 2 (1.38%) 0.52
CIN 19 (13.19%) 27 (18.75%) 0.27
Shock 6 (4.16%) 6 (4.16%) 0.25
AF 14 (9.72%) 12 (8.33%) 0.08
IABP 5 (3.47%) 4 (2.77%) 0.18
CHF 12 (8.33%) 19 (13.19%) 0.6
VT/VF 9 (6.25%) 12 (8.33%) 0.4
Acute thrombus 3 (2.08%) 1 (0.69%) 0.08
Transfusion (n) 2 (1.38%) 2 (1.38%) 0.52
Ejection fraction (%) 34.7 ± 9.9 34.6 ± 9.3 0.97
Hospitalization (day) 5.7 ± 3.9 5.4 ± 3.1 0.61

TVR = target vessel revascularization; CIN = contrast-induced nephropathy; AF = atrial fibrillation; MACE = major adverse
cardiac events; IABP = intra-aortic balloon pump; CHF = congestive heart failure; VT = ventricular tachycardia; VF = ventricular
fibrillation.

Table 5. Univariate and Multivariate Analysis of Possible Predictors of In-Hospital Major Adverse Cardiac Events

Univariate Multivariate

OR CI P OR CI P

Age 1.12 1.04–1.196 0.002
V4R � 0.5 6.27 1.22–32.3 0.03 11.64 1.3–27.4 0.03
Killip class >1 43.1 5.02–370.3 0.03 44.76 3.6–101.4 0.03
Post-TIMI < 3 6.73 1.5–29.9 0.01

TIMI = thrombolysis in myocardial infarction.

Different incidence of VF between studies could be
resulted from the different presence of a large conal
branch.

In our study, V4R-ST elevation patients
had significantly higher multivessel involvement.
Michaelides et al. demonstrated that, in patients
with Q wave, extended anterior MI, addition
of right-sided chest leads (V3-V5), to standard
exercise testing significantly increased the low
sensitivity of the standard exercise test to detect
multivessel involvement.21 Previous studies have
clearly defined that, the presence of multivessel
disease is associated with increased in-hospital and
late mortality.22,23 Even though the procedural
success rate, postprocedural TIMI flow, and
myocardial blushing rate were similar in single-
and multivessel disease, early and 1-year mortality,
re-infarction rate, and MACE were higher in the
multivessel disease-treated group.24 It was found

that multivessel disease was a powerful indepen-
dent predictor of mortality.24 Similarly in this study
the procedural success rate and postprocedural
TIMI flow rate were similar, multivessel disease
was more frequent in the V4R-ST elevation group.
In line with previous studies, we believe that V4R-
ST elevation is associated with multivessel disease
and results in increased in-hospital MACE. This
could be a probable explanation of the increased
in-hospital MACE in the V4R-ST elevation group.

Our study has some limitations. It is a single
center study. Global LVEF was evaluated, rather
than regional wall motion impairment. That is why
the relation between specific wall region could
not be assessed. Also right ventricular function
was not assessed. The combined end points were
relatively small and the study should be repeated
in larger cohort. In this study the conal branch
of right coronary artery was not recorded and
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evaluated. Also the LAD branches that supply the
right ventricular wall was not recorded.

In conclusion, ST segment elevation of V4R
is associated with multivessel disease in acute
anterior STEMI and could predict increased in-
hospital MACE mostly derived by mortality.
V4R segment elevation could be used for risk
stratification of acute anterior wall STEMI prior to
the emergent coronary angiography.

REFERENCES
1. Mackhay J, Mensah GA. The Atlas of Heart Disease and

Stroke. Geneva, Switzerland, World Health Organization,
2004.

2. Erhardt LR, Sjogren A, Wahlberg I. Single right sided
precordial lead in the diagnosis of right ventricular
involvement in inferior myocardial infarction. Am Heart
J 1976;91:571–576.

3. Zehender M, Kasper W, Kauder E, et al. Right ventricular
infarction is an independent predictor of prognosis after
acute inferior myocardial infarction. N Engl J Med
1993;328:1036–1038.

4. Braat SH, de Zwaan C, Brugada P, et al. Right ventricular
involvement with acute inferior wall myocardial infarction
identifies high risk of developing atrioventricular nodal
conduction disturbances. Am Heart J 1984;107:1183–1186.

5. Mehta S, Eikelboom J, Natarajan M, et al. Impact of
right ventricular involvement on mortality and morbidity
in patients with inferior myocardial infarction. J Am Coll
Cardiol 2001;37:37–43.

6. Gumina R, Wright R, Kopecky S, et al. Strong predictive
value of TIMI risk score analysis for in-hospital and long
term survival of patients with right ventricular infarction.
Eur Heart J 2002;23:1642–1645.

7. Braat SH, Gorgels APM, Bar FWHM, et al. Value of the
ST-T segment in lead V4R in inferior wall acute myocardial
infarction to predict the site of coronary occlusion. Am J
Cardiol 1988;62:140–142.

8. Harju JA, Eskola MJ, Huhtala H, et al. Recording lead V(4)R
is associated to enhanced use of fibrinolytic therapy in acute
myocardial infarction. J Electrocardiol 2006;39:368.

9. Barsheshet A, Hod H, Oieru D, et al. Right precordial
lead (V4R) ST-segment elevation is associated with worse
prognosis in patients with acute anterior myocardial
infarction. J Am Coll Cardiol 2011;58:548–549.

10. Lang RM, Bierig M, Devereux RB, et al. Chamber Quan-
tification Writing Group: American Society of Echocardio-
graphy’s Guidelines and Standards Committee: European
Association of Echocardiography. American Society of
Echocardiography’s Guidelines and Standards Committee:
European Association of Echocardiography. Recommen-
dations for chamber quantification: A report from the
American Society of Echocardiography’s Guidelines and
Standards Committee and the Chamber Quantification

Writing Group, developed in conjunction with the Euro-
pean Association of Echocardiography, a branch of the
European Society of Cardiology. J Am Soc Echocardiogr
2005;1812:1440–1463.

11. Chesebro JH, Knatterud G, Roberts R, et al. Thrombolysis in
Myocardial Infarction (TIMI) Trial, Phase I: A comparison
between intravenous tissue plasminogen activator and in-
travenous streptokinase. Clinical findings through hospital
discharge. Circulation 1987;76:142–154.

12. Wijns W, Kolh P, Danchin N, et al. Guidelines on
myocardial revascularization The Task Force on Myocardial
Revascularization of the European Society of Cardiology
(ESC) and the European Association for Cardio-Thoracic
Surgery (EACTS). Eur Heart J 2010;31:2501–2555.

13. Killip T, Kimball JT. Treatment of myocardial infarction
in a coronary care unit: A two-year experience with 250
patients. Am J Cardiol 1967;20:457–464.

14. Cockcroft D. Prediction of creatinine clearance from serum
creatinine. Nephron 1976;16:31–41.

15. Perrin T, Descombes E, Cook S. Contrast-induced nephropa-
thy in invasive cardiology. Incidence, pathophysiology,
diagnosis, prevention and prognosis. Swiss Med Wkly
2012;142:w13608.

16. Morita ST, Morita H, Zipes DP, et al. Acute ischemia
of canine interventricular septum produces asymmetric
suppression of conduction. Heart Rhythm 2008;5:1057–
1062.

17. Kawamura Y, Page PL, Cardinal R, et al. Mapping of
septal ventricular tachycardia: Clinical and experimental
correlations. J Thorac Cardiovasc Surg 1996;112:914–
925.

18. Sicouri S, Glass A, Ferreiro M, et al. Transseptal dispersion
of repolarization and its role in the development of Tor-
sade de Pointes arrhythmias. J Cardiovasc Electrophysiol
2010;21:441–447.

19. Ben-Gal T, Herz I, Solodky A, et al. Acute anterior wall
myocardial infarction entailing ST-segment elevation in lead
V1: Electrocardiographic and angiographic correlations.
Clin Cardiol 1998;21:399–404.

20. Ben-Gal T, Sclarovsky S, Herz I, et al. Importance
of the conal branch of the right coronary artery in
patients with acute anterior wall myocardial infarction:
electrocardiographic and angiographic correlation. J Am
Coll Cardiol 1997;29:506–511.

21. Michaelides AP, Fourlas CA, Andrikopoulos GK,
et al. Role of right-sided chest leads in the detection
of multivessel coronary artery disease in patients with
extended Q-wave anterior myocardial infarction. Coron
Artery Dis2006;17:165–171.

22. Jaski BE, Cohen JD, Trausch J, et al. Outcome of
urgent per-cutaneous transluminal coronary angioplasty in
acute myocardial infarction: Comparison of single-vessel
versus multivessel coronary artery disease. Am Heart J
1992;124:1427–1433.

23. Sorajja P, Gersh BJ, Cox DA, et al. Impact of multivessel
disease on reperfusion success and clinical outcomes
in patients undergoing primary percutaneous coronary
intervention for acute myocardial infarction. Eur Heart J
2007;28:1709–1716.


