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ECG CASE STUDIES

Tall R Wave in Lead V1

Ross MacKenzie, MD

Tall R waves in lead V1 present the life insurance company medical
director with a diagnostic dilemma. This ECG pattern may be pre-
sent in applicants with right bundle branch block, right ventricular
hypertrophy, Wolff-Parkinson-White syndrome, posterior myocar-
dial infarction, hypertrophic cardiomyopathy, muscular dystrophy,
dextrocardia, misplaced precordial leads, as well as in normal in-
dividuals. This ECG case study discusses the ECG features involved
in the differential diagnosis.
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A53-year-old female accountant is apply-
ing for life insurance. Her past health in-

cludes gestational diabetes 25 years ago and
a hysterectomy for benign uterine bleeding.
Five years prior to her application, she
stopped smoking (10 cigarettes per day) and
gained 20 pounds in weight. At the time of
her application, she was asymptomatic. Both
parents have Type 2 diabetes. Two younger
siblings are alive and well.

She is 5’5’’ tall and weighs 156 pounds. Her
examination is normal. BP was 140/90. Her
routine labwork was normal except for a
mildly elevated fasting blood glucose (126
mg/dL), elevated triglycerides (600 mg/dL),
an elevated TC/HDL ratio (6) related to a low
HDL cholesterol (38 mg/dL).

The Figure is the ECG obtained at the time
of application for age and amount. Is it nor-
mal or abnormal? If it is abnormal, what is
the major abnormality? Could the abnormal-
ity be a normal variant? If there is an abnor-

mality, how does it impact your mortality as-
sessment of this case?

ECG INTERPRETATION

The basic rhythm is sinus, at 88 times a mi-
nute. Normal duration of the PR interval and
QRS complex indicates intact AV and intra-
ventricular conduction. The QT interval is
also normal. The QRS axis in the frontal
plane is leftward at approximately 215 de-
grees.

Two major abnormalities are found in the
tracing. First, there are tall R waves in V1-V3

with R/S ratios greater than 1. These R waves
are broad ($0.04 seconds), and they are ac-
companied by upright T waves. The second
abnormality is the presence of Q waves in the
inferior leads. A small q wave is present in
lead II accompanied by much more promi-
nent Q waves in III and AVF. Together, the
tall R waves in V1-V3 and abnormal inferior
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Applicant’s Electrocardiogram.

Q waves, are very suggestive of posterior and
inferior myocardial infarctions (MI).

ECG DIFFERENTIAL DIAGNOSIS

Our applicant’s ECG raises two issues
which may confront the medical director
while interpreting ECGs in a life insurance
risk assessment context: the significance of
prominent R waves in the early precordial
leads (V1-V3) and the significance of inferior
Q waves. In this case study, we will focus on
the tall R waves in V1-V3.

In the normal heart, ventricular depolariza-
tion begins in the middle-left third of the in-
terventricular septum and travels in a down-
ward and left-to-right direction. This initial
septal vector of electrical activity will be seen
by a right-sided lead such as V1 as coming
directly toward it. Following activation of the
septum, the left ventricle, because of its larger
mass, dominates the remainder of the depo-
larization process. Although right ventricular
depolarization is occurring simultaneously,
right ventricular forces are dwarfed by left
ventricular events in the normal adult heart.1

This results in a characteristic appearance of
the QRS complex in V1, the rS configuration.

The initial small R wave (symbolized as ‘‘r’’
to denote its small size) occurs because of
septal depolarization and the subsequent
larger S wave (symbolized as ‘‘S’’ to denote
its larger size) occurs because of the domi-
nant effect of the left ventricle.2

The presence of a tall R wave in V1, defined
as an R/S ratio equal to or greater than 1,
should alert the medical director to consider
a number of conditions that may impact the
applicant’s mortality experience. These con-
ditions include: right bundle branch block,
right ventricular hypertrophy, Wolff-Parkin-
son-White syndrome, posterior myocardial
infarction, hypertrophic cardiomyopathy,
muscular dystrophy, dextrocardia and mis-
placed precordial leads. In addition, 1%-3%
of individuals who are free of clinical disease
may also have an ECG with an R/S ratio $1
in V1.

Right bundle branch block (RBBB) is the
most common cause of a tall R wave in V1.2

The diagnosis of RBBB is usually readily ap-
parent when the characteristic triphasic rsR9
or rSR9 patterns are seen in V1. In addition to
the triphasic pattern in V1, the diagnosis of
RBBB requires a QRS duration of 0.12 sec-
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onds or more, and a wide terminal S wave in
leads I, V5 and V6.

Although a R/S ratio .1 is used as a di-
agnostic criteria for right ventricular hyper-
trophy (RVH), not all forms of RVH are as-
sociated with this pattern. Prominent R
waves in V1 are most likely to be seen in se-
vere right ventricular pressure overload sit-
uations such as those that occur in congenital
heart disease, eg, pulmonary stenosis, Tetral-
ogy of Fallot and Eisenmenger’s syndrome.
They are much less likely to occur when the
pressure overload situation begins in adult-
hood such as that seen in mitral stenosis and
chronic pulmonary disease. RVH is diag-
nosed by the finding of a tall R wave or qR
pattern in V1 and a ST-T strain pattern in V1-
V2. Other supportive findings are right axis
deviation (.110 degrees), right atrial enlarge-
ment and deep S waves in V5-V6 (R/S ratio
,1).1

The accessory conduction pathway(s) that
occurs in Wolff-Parkinson-White (WPW) syn-
drome may alter the pathway of ventricular
depolarization and cause ECG patterns that
manifest as tall R waves in the right precor-
dial leads and Q waves in the inferior leads.
Close attention to the diagnostic features of
WPW syndrome should help distinguish it
from other causes of tall R wave in V1. These
features include a short PR interval (,0.12
second), QRS prolongation .0.11 second and
slurring of the initial portion of the QRS com-
plex (the delta wave). The typical WPW pat-
tern is also often associated with secondary
repolarization changes consisting of ST seg-
ment and T wave deflection in the opposite
direction of the major portion of the QRS
complex.2 Diagnostic confusion may occur
when the pre-excitation pattern is subtle. For
example, when the QRS duration is only
mildly prolonged, or the PR interval is not
absolutely short.

As a result of septal hypertrophy, hypertro-
phic cardiomyopathy (HCM) may be associ-
ated with a tall R wave in V1. In these pa-
tients, the initial septal QRS forces become
unusually pronounced and are directed in a
rightward, anterior, and superior direction,

resulting in QRS complexes, in the right pre-
cordial leads that are of large amplitude. In
addition, deep but narrow Q waves are cre-
ated from these same forces in the lateral
leads (I, AVL, V5-V6) and occasionally in the
inferior leads. Definitive diagnosis, if not ob-
vious clinically, may require an echocardio-
gram.2

A tall R wave in V1 is a common ECG find-
ing in the Duchenne form of muscular dys-
trophy. The mechanism is presumed to be re-
lated to selective myocardial scarring in the
posterobasal portion of the left ventricle, re-
sulting in more prominent anterior superior
forces of ventricular depolarization. Similar
to HCM, these individuals also have charac-
teristic deep but narrow Q waves in the lat-
eral leads. These ECG changes usually occur
in those individuals with Duchenne muscular
dystrophy who have severe and longstanding
disease; therefore, the applicant’s history
should help identify this etiology when pre-
sent.2

In the mirror-image form of dextrocardia,
the cardiac apex is pointed to the right, and
the left atrium and left ventricle are situated
to the right side of the right heart chambers.
The ECG will generally show QRS complexes
with decreasing amplitude across the precor-
dial leads, often starting with a tall R wave
in V1. The other key ECG features are seen in
the limb leads. Lead I will have an upside
down P wave and QRS complex. Leads AVR
and AVL will be reversed, with an upright
QRS complex in AVR and a downward di-
rected QRS complex in AVL. Leads II and III
will be reversed as well, and AVF will be un-
affected. Reversal of the leads allows for
proper interpretation of the ECG in these in-
dividuals.2

Technical errors resulting in substitution of
another precordial lead for V1 can result in a
tall R wave in V1. Familiarity with the normal
P wave, QRS complex and T wave patterns in
V1 can help identify this error.2 In addition,
‘‘backwards’’ R wave progression in the an-
terior precordial leads and isolated negative
or biphasic P waves at the site of origin of the
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misplaced lead should arouse suspicion of a
technical error.

A normal variant should be suspected
when an applicant is an asymptomatic young
adult. A R/S ratio .1 may be seen in V2 in
up to 10% of normal persons. The occurrence
of a tall R wave in V1 is highly unusual in the
absence of cardiac pathology and is estimated
to occur in 1%-3% of the normal population.
Before a diagnosis of normal variant is made,
the other possible causes of tall R wave in V1

should be ruled out.1,2

In our applicant, there is no history or clin-
ical features suggestive of congenital heart
disease, chronic pulmonary disease, hypertro-
phic cardiomyopathy, muscular dystrophy or
dextrocardia. RBBB and WPW can be elimi-
nated from consideration because the QRS
complex is not prolonged in this tracing.
None of the associated features of RVH (right
atrial enlargement, right axis deviation, deep
S waves in V5-V6 or ST-T strain pattern) are
present.

Before concluding that this is a normal var-
iant, we need to consider posterior myocar-
dial infarction even in the absence of a history
of MI. The finding of a tall R wave in the
anterior precordial leads especially when
found in lead V1 should always prompt one
to think of posterior infarction. Since the in-
ferior and posterior areas of the heart are al-
most always supplied by the right coronary
artery, the additional presence of abnormal Q
waves suggestive of inferior MI lends strong
support to the diagnosis of posterior MI.

DISCUSSION

Encountering a tall R wave in V1 in an in-
surance applicant’s ECG presents the medical
director with a diagnostic dilemma. The 5
most common conditions that should always
be considered in the differential diagnosis
are: right bundle branch block, right ventric-
ular hypertrophy, Wolff-Parkinson-White
syndrome, posterior MI and normal variant.
Additional less common conditions to be con-
sidered were discussed earlier.

When the diagnosis is a normal variant, the

prognosis in such an applicant differs mark-
edly from that in other individuals with a tall
R wave in V1. The diagnosis of a normal var-
iant is made by exclusion. The QRS complex
is not widened, excluding RBBB and WPW.
There are no associated findings of RVH and
no evidence of inferior MI (making posterior
MI much less likely). The absence of clinical
context and physical findings rules out less
common conditions, such as hypertrophic
cardiomyopathy, muscular dystrophy and
dextrocardia. One is left with the sole re-
maining possibility—a normal variant.

In our case scenario, the ECG pattern is not
a normal variant. The tall R waves in V1-V3

and abnormal Q waves in the inferior leads
are most suggestive of old posterior and in-
ferior MI. Isolated acute posterior wall myo-
cardial infarction (MI) is uncommon, occur-
ring in 3%-7% of acute MIs in studies where
additional lead electrocardiography using left
posterior thorax leads have been utilized. In
the past, the terms ‘‘inferior’’ and ‘‘posterior’’
MI were sometimes used interchangeably.
Currently, the term inferior is used to desig-
nate infarctions confined to the diaphragmat-
ic surface of the heart. Whereas, the term pos-
terior implies involvement higher up on the
posterior surface of the heart.1,3

Detection of posterior MI is difficult in that
the standard 12-lead ECG does not adequate-
ly image the posterior wall. However, since
the anterior wall of the left ventricle lies di-
rectly opposite, posterior wall infarctions can
be visualized indirectly by observing the an-
terior precordial leads, which provide an up-
side-down mirror image of the posterior wall.
Alternatively, by extending the precordial
leads to include V7, (left posterior axillary
line), V8 (at the tip of the left scapula) and V9

(just to the left of the vertebral column), the
posterior wall can be imaged directly and
will show the classical changes of myocardial
infarction.2,4 This is a very useful manoeuvre
when doubt remains whether or not there is
a posterior MI present.

Since these leads are not obtained routine-
ly, the standard 12-lead ECG diagnosis of
posterior wall MI must be made indirectly by
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observing the anterior precordial leads (V1-
V3). In these leads, the ECG findings of acute
posterior MI will be reversed. In other words,
prominent R waves, ST segment depression
and upright T waves in leads V1 through V3

represent Q waves, ST segment elevation and
T wave inversions. The typical changes of an
old posterior MI are tall R waves with R wave
duration of 0.04 second or longer. These ‘‘re-
verse’’ changes can be confirmed by turning
the ECG over and holding it up to the light—
a Q wave (and if an acute MI, ST segment
elevation) will be observed in the anterior
precordial leads. This is referred to as a pos-
itive mirror test. Although any of the anterior
precordial leads (V1-V3) may show these find-
ings, a tall R wave in V1 especially should
prompt one to think of posterior MI.

The posterior wall of the heart receives its
blood supply from the right (less frequently,
the left circumflex) coronary artery. As a re-
sult, posterior MIs almost always occur in the
presence of a simultaneous inferior MI (or
less frequently a lateral). Hence, a virtual pre-
requisite for diagnosing posterior infarction
is evidence of inferior infarction elsewhere on
the tracing. In our applicant’s tracing, there
are indeed inferior Q waves. The Q waves in
leads III and AVF exceed 0.04 second in du-
ration and are relatively deep, thus suggest-
ing they are abnormal Q waves. Their pres-
ence plus the small q wave in lead II strongly
supports the diagnosis of previous inferior
and posterior MI.

The ECG diagnosis of posterior infarction
has important clinical and prognostic impli-
cations. Individuals with an inferior MI who
also have a posterior MI have experienced a
larger-sized MI. With increasing infarct size,
risk of arrhythmia, left ventricular dysfunc-
tion and death are proportionally increased.
Such risk in the acute phase is also propor-
tional to the total number of ECG leads dem-
onstrating ST segment elevation (6 depres-
sion in the situation of posterior MI). Individ-
uals with isolated posterior MI, if not clini-
cally recognized as a ‘‘ST elevation’’ MI, may
not receive appropriate acute therapy includ-
ing thrombolysis or urgent angioplasty.3

In conclusion, careful analysis of the ECG
containing tall R waves in V1 is required to
arrive at a specific diagnosis and allow prop-
er risk assessment. By systematically looking
for the usual causes of this pattern, it is pos-
sible to separate those who are at low risk
from those who are at high risk.
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