
Abstract:

Electrocardiogram (ECG) is one of the most important

and time-tested tool for appropriate interpretation and

diagnosis of coronary artery disease (CAD) and other

structural & electrical cardiac abnormalities. Erroneous

misplacement of surface ECG-leads (lead reversal) may

result in wrong interpretation as well as unnecessary

investigations, admission to hospital and improper

treatment. Early & prompt recognition of lead-reversal

is imperative to avoid inappropriate & harmful

therapeutic interventions to the patients. This case-

report focuses on an interesting scenario of ECG-lead

misplacement, which will aid in detection, exclusion and

further prevention of ECG lead misplacement.
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Introduction

The electrocardiogram (ECG) is one of the most important

and most frequently requested investigations in the

management of patients in medical practice. It is both

inexpensive and very efficacious in many different clinical

scenarios. Proper & meticulous recording is of utmost

importance in order to ensure an accurate interpretation

of this time-tested diagnostic tool. Due to structural

variation of different health-care programs, ECGs may

not be recorded by expert technicians at all times; this

leads to multiple errors in interpreting results. ECG-lead

misplacement or reversal, that occurs in 0.4–4% of all

12-lead surface ECGs acquired in various clinical

settings, results in erroneous interpretation as well as

unnecessary investigations, admission to hospital and

improper treatment.1,2 As a result incorrect ECG-Lead

placement can result in signiûcant harm to the patient if

essential treatment is withheld or unnecessary treatment

is delivered solely on the basis of ECG ûndings.2 An

interesting case of ECG-lead misplacement is presented

here, which would have resulted in signiûcant harm to

the patient had it not been identiûed in time.

Case report

A 30 years old young man attended the cardiac out-

patient department (OPD) of Dhaka Medical College

Hospital (DMCH) with the complaints of non-specific

chest-pain and occasional palpitation for two months.

The pain was burning in nature, centered to lower chest

and upper abdomen, non-radiating, occurring several

times a day having no obvious precipitating factors but

used to relieve by taking antacids & PPIs. The pain was

associated with occasional palpitation which was of

short duration & self-limiting. He complained of

abdominal fullness but no history of nausea or vomiting.

He was non-smoker & non-alcoholic. His father died of

cardiac disease at 65 years of age. The patient was

hemodynamically stable with pulse 80 beats/min,

regular, normal in volume & character and BP 110/

70mmHg. His precordial examination was normal and

other systems revealed no abnormality. To evaluate the

chest pain the attending doctor suggested a 12 lead
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surface ECG (Figure 1) and later labeled the ECG as

old myocardial infarction (MI) involving the inferior wall

of heart. He immediately referred the patient to cardiac

in-patient department (IPD) for further management. The

attending consultant cardiologist reviewed the ECG

thoroughly and found that the OPD-doctor interpreted

the ECG on the basis of deep QS complexes & inverted

T waves in leads II,III & aVF but he missed the inverted

p waves in those leads; he also missed the completely

inverted lead I and completely upright lead aVR (P wave,

QRS complex and T wave).The attending consultant

advised a repeat & supervised ECG (Figure 2)which

was found completely normal. Transthoracic

echocardiography was done later, which was

unremarkable. The patient’s initial ECG abnormalities

were finally diagnosed as erroneous misplacement of

limb leads of ECG and he was sent to Gastro-enterology

department for further management.

Fig.-1: Initial ECG done at Cardiac OPD of DMCH

Fig.-2: Repeat supervised ECG done at Cardiac IPD of DMCH
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Discussion:

Cardiovascular diseases are the leading cause of death

world-wide, accounting for 30% of all deaths.3 Of these,

42% are due to coronary artery disease (CAD).4Proper

ECG recording facilitates appropriate interpretation and

diagnosis of CAD and other structural & electrical cardiac

abnormalities. Electrode misplacements can lead to

morphological changes on ECG that may potentially be

interpreted as ischemic or arrhythmogenic in origin or

may conceal the ECG features altogether. Therefore,

recognition of the patterns seen in improper lead

positioning is essential to avoid incorrect diagnoses and

unnecessary treatments.5-9The frequency of electrode

misplacement has been shown to increase with

increasing acuity of patient care and urgency of recording.

Rudiger et al. reported a 0.4% rate of lead misplacement

on ECGs performed on patients attending cardiac

outpatient clinics and a 10-fold increased rate (4%)

among patients in intensive care units.1 Several key

findings on an ECG can help clinicians identify potential

signs of electrode misplacements. In order to

systematically identify these telltale clues, mnemonics

to remember common errors and recognize their findings

have been previously proposed. The REVERSE

mnemonic is one such tool that outlines the most frequent

abnormal findings on ECG (Table 1).10

The 12-lead ECG is recorded by placing 10 electrodes

(4 limb & 6 precordial) on predetermined anatomical

locations. The terms electrode and lead are often used

interchangeably. However, electrodes attach to the skin

while leads are the vectors between the electrodes.2The

four limb electrodes [right arm (RA), left arm (LA), right

leg (RL), left leg (LL)] generate six limb leads (leads I, II,

III, aVR, aVL, and aVF). The right leg electrode (RL) is the

grounding electrode and can be placed anywhere on the

body without affecting the ECG appearance.11,12ECG

ûndings due to limb electrodes misplacement can be

difûcult to detect despite producing characteristic

appearances in most cases (Table2).2

With reversal of the RA and LL electrodes, Einthoven’s

triangle rotates 180 degrees vertically, from normal,

around an axis formed by aVL (Figure 3 & Figure 4).11,13,14

Table-I

REVERSE mnemonic: an easy approach to remember the most frequent causes

of ECG lead placement errors and artifacts.

Abnormal Finding Significance

R R wave is positive in lead aVR (P wave also positive) Revarsal of left arm and right arm electrodes

E Extreme axis deviation: QRS axis between +180o and -90o Reversal of right leg and left arm or rigt arm electrodes

Negative R wave in lead I, positive R wave in aVF

V Very low (<0.1 mV( amplitude in an isolated limb lead Reversal of right left and left arm or right arm electrodes

(isolated “flat” lead)

E Exchanged amplitude of the P waves (P wave in lead I Reversal of left arm and left leg electrodes

Greager

R R wave abnormal progression in the precordial leads Reversal of precordal electrodes (V1 through V6)

(predominant R wave in V1, predominant S wave in V6

E Eliminate noise and interference (artifact mimicking

tachycardias or ST-T changes)
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This produces the following effects on the ECG

(Figure5):11,13,14

• Lead II becomes inverted.

• Leads I and III become inverted and switch places.

• Leads aVR and aVF switch places; as a result Lead

aVR becomes upright & Lead aVF becomes inverted.

• Lead aVL is unchanged.

These ECG changes can closely mimic a chronic phase

inferior myocardial infarction due to inverted T waves and

QS complexes in leads II, III and aVF. However, a high

index of suspicion is required to detect lead reversal, as

lead I and aVR will not be inverted from baseline in an

inferior myocardial infarction.15

In our case, the initial ECG of the patient done in cardiac

OPD showed deep QS complexes & inverted T waves

along with inverted p waves in leads II, III & aVF; lead I

was also completely inverted and lead aVR was

completely upright (P wave, QRS complex and T wave).

These findings were consistent with reversal of right arm

and left leg electrodes. However the subsequent

supervised ECG done at CCU was completely normal

which confirmed the diagnosis of an interesting case of

ECG limb-leads reversal.

Fig.-3: Normal Einthoven’s triangle formed by six limb

leads

Fig.-4: Rotation of Einthoven’s triangle due to RA-LL

reversal

Fig.-5: 12 lead ECG depicting right arm and left leg reversal.
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Conclusion:

ECG lead misplacement is a common and under-

reported technical error. Most ECG interpretation books

devote little if any space to this extremely important topic.

Early & prompt recognition is imperative to avoid

unnecessary, inappropriate & harmful therapeutic

interventions to the patients. The 12-lead ECGs should

always be interpreted in the context of patient’s history

and clinical ûndings not relying solely on the ECG tracing.

Measures like - ongoing education, obtaining repeat &

supervised 12-lead ECG, double checking of lead

placement by two staff members, reviewing old ECGs of

the same patient and preserving ECG-strips containing

the error for training purpose should be encouraged to

aid in the detection, exclusion and further prevention of

lead misplacement.
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