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ECG monitoring is common place in the hospital and even pre-hospital setting. The need for differe
types of lead systems in different settings has been emphasised. Simple three electrode bipolar recordi
is ubiquitous for monitoring. This can be used to record modified bipolar chest leads as well. Using fi

leads gives the option of getting a chest lead in addition to bipolar limb leads, enhancing detection
ischemia during procedures. Lead stability is important when the movement of the subject is maximu
as in exercise testing. Mason-Likar modification with limb leads shifted to the torso is popular for e
ercise testing, though the diagnostic value of the ECG is altered. Lund systemwith leads on proximal pa
of limbs have both stability and fair diagnostic value. EASI lead system permits derivation of 12 lea
from just five electrodes. Lewis lead and the newly devised modified limb lead system are useful
enhancing detection of atrial activity. Fontaine lead has been designed to improve visualization
Epsilon wave in arrhythmogenic right ventricular dysplasia.
Copyright © 2016, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an op

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0
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ECG monitoring is used in various situations starting
intensive coronary care units, critical care units, post oper
wards and during surgical/interventional procedures.
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there is a need for modifying the leads used for monitoring.
ambulatory monitoring or monitoring during treadmill test, th
lead stability and stability of the baseline of the ECG recordin
during movement of the subject is important. Movement is also a
important factor introducing artefacts in the intensive care uni
often triggering false alarms. It is less important in the operatin
environment when the patient is under anaesthesia. But ne
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Fig. 1. Mason-Likar 12 Lead (See text for details). RA: Right arm, LA: Left arm, RL: Right
leg, LL: Left leg. (Left leg and right leg or ground electrode positions are representatory,
actual positions are lower than what is shown in the figure).
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concerns arise in the operating environment with interferen
from electrosurgical equipment. Hence different monitoring lea
systems are needed for each application. In the earlier era of co
onary care units, all standard 12 leads were sometimes used an
the patient asked to stay quiet with limb leads on the extremitie
to achieve reasonable quality 12 lead monitoring. Several speci
leads have been developed for specific purposes over the decade
In this brief review, we will discuss the modified monitoring lea
and special leads.

2. Simple 3 electrode bipolar monitoring

Simple three electrode monitoring uses two electrodes at a tim
for active monitoring and third one as ground electrode. But th
electrodes can be used in different configurations to get lead I, II
III, one at a time. The signal acquisition is bipolar, between th
chosen two electrodes for the given lead. The electrodes are place
in such a location as to obtain the required lead, usually on the tor
near the corresponding limb. This is to reduce movement artefac
during continuousmonitoring and to avoid tethering of the subjec
MCL1 lead configuration can be obtained by keeping the right ar
electrode in left infraclavicular region and the left arm electrode
the right fourth intercostal space parasternally (V1 location
Ground electrode can be placed in any convenient location awa
from the active electrodes [1]. Three electrode system was qui
common with telemetry monitors.

2.1. Modified chest leads

The most commonly used modified chest lead is MCL1 with th
configuration mentioned above and lead selector at lead I positio
MCL6 will have one active electrode located at V6 position instea
These leads simulate V5 and V6, though not perfectly well. CS5 lea
popular in operating rooms has the right arm electrode place
below the right clavicle and left arm electrode placed at V5 locatio
while the left leg electrode acts as ground electrode [2]. Lea
selector is at lead I. CS5 is useful in detection of anterior wa
myocardial ischemia. In CM5, the right arm electrode is at th
manubrium sternum while the remaining configuration is same
CS5. CB5 has the right arm electrode at right scapula and CC5 has
in right anterior axillary line, with similar configuration of oth
electrodes. CB5 is good for detection of myocardial ischemia an
supraventricular arrhythmias.

3. Common five electrode monitoring

Most current day intensive care monitors use a five electrod
monitoring cable. Four electrodes are placed on the torso corr
sponding to the limbs, with the electrode corresponding to th
right lower limb serving as the ground electrode. Fifth electrode
used on one of the standard chest lead positions, usually in V
location for better arrhythmia monitoring. It can be placed in an
other chest lead location depending on the need. Adding a regul
chest lead helps in detection of bundle branch blocks and is usef
for the diagnosis of pacemaker rhythms and wide QRS comple
tachycardias. All limb leads ECGs can be obtained in this five ele
trode system, though only one chest lead is possible at a time. Fi
electrode system can pick up rhythm abnormalities and ST segme
deviations fairly well. This system is more often used in tw
channel monitors in which one limb lead and one chest lead a
displayed simultaneously [1].

4. Mason-Likar 10 electrode 12 lead monitoring

Mason-Likar modification of standard 12 leads is quite popul
aoslan@electrosurgellc.com   -   January 27, 2
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for treadmill testing. In this system, chest electrodes are placed in
the standard positions, but limb electrodes are transposed to the
torso to reduce movement artefacts [3]. Right and left arm elec-
trodes are placed in the infraclavicular fossae, medial to the deltoid
muscle, 2 cm below the lower border of the clavicle. Right and left
leg electrodes are kept in the anterior axillary line, halfway between
costal margin and iliac crest (Fig. 1). Right lower electrode serves as
the ground as in standard 12 lead ECG. There will be a total of ten
electrodes fromwhich all 12 leads can be obtained. This lead system
is good for real time ST segment monitoring during thrombolytic
therapy as well [4]. But the diagnostic value of 12 lead electrocar-
diogram obtained using this lead system is altered by the change in
the location of limb electrodes. Q waves in the inferior leads may be
masked and there is mild right ward shift in the QRS axis.

Mason-Likar system gives the option of multiple chest leads so
that both arrhythmia (V1) and ischemia (V3 or V5 depending on
territory of interest) can be monitored in post angioplasty cases.
Downside is the presence of multiple chest electrodes which
interfere with echocardiography, defibrillation and chest X-ray
evaluation. Obtaining stable chest electrode position over a long
period in females and males with hairy chest is also a concern.

5. Lund lead system

While the limb electrodes are transposed to the torso in Mason-
Likar modification, they are placed on the proximal regions of the
limbs in the Lund lead system [5]. The advantage is that movement
artefacts are reduced as in Mason-Likar system while changes in
the 12 lead ECG pattern are lesser andmore comparable to standard
12 lead ECG. Hence Lund system can be used both for diagnostic
ECG and monitoring [6]. The difference in noise levels on ECG be-
tween the Lund system and Mason-Likar system was not signifi-
cant, though both were better than standard 12 lead, during
monitoring [7].

6. Computerized regeneration of 12 leads from reduced lead
set

Sometimes it may not be technically feasible to keep all elec-
trodes on the chest due to various reasons. Computerized algo-
rithms have been developed to reconstruct the ECG ofmissing leads
[8]. Reconstruction can be by using either general or patient specific
templates. It is technically feasible to derive a 12 lead ECG using all
limb electrodes and just 2 precordial electrodes, with reasonable
diagnostic accuracy [9].
023   -   Read articles at www.DeepDyve.com
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10. Modified limb lead system for atrial repolarization wave
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Fig. 3. Lewis lead (See text for details).
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7. EASI lead system

EASI lead system uses five electrodes and derives 12 leads
computer algorithm [10]. In EASI lead system, A, E and I are sam
that of Frank vectorcardiographic system [11]. E is located at
lower end of body of sternum. A and I are located in left and r
midaxillary lines in the same horizontal level as E. Electrode
placed on the manubrium sternum (Fig. 2). Ground electrode
the EASI system is on the torso in same location as in Mason-L
system. Algebraic transfer coefficients are used to genera
derived 12 lead ECG using 5 electrode EASI system [12]. When
EASI system is used for continuous monitoring, excessive arte
while turning from supine position to right has been docume
[13]. This is due to artefacts picked up by the electrode in the r
mid axillary line (I). But myoelectric noise in the limb leads du
physical activity was lesser with EASI system than Mason-L
system. It may be noted that derivation of 12 leads from
electrodes is an approximation and a 12/12 match with standar
lead ECG should not be expected.

Many of the ischemic episodes which are missed by two
monitoring (lead II and V1) can be picked up by derived 12
monitoring. In one study 67% of the ischemic events detecte
EASI derived 12 lead monitoring were not captured by monito
of V1 and lead II [14].

8. Lewis lead and modified Lewis lead

Lewis lead (Fig. 3) is used to enhance the recording of a
activity in the ECG [15]. Originally it was just a modified lead I
right arm electrode placed in second right intercostal space clo
sternum and left arm lead placed in fourth right intercostal s
close to sterunum. Lewis lead is useful in recognizing P w
during wide QRS tachycardia and thereby aiding an accu
diagnosis [16]. Amodification of Lewis lead inwhich all 12 lead
recorded, with the right arm and left arm electrodes transpose
the original Lewis lead configuration [17] has been used to de
the type of ventriculoatrial conduction during ventricular pac

9. Fontaine leads (Fontaine bipolar precordial lead ECG)

It was in 1977 that Guy Fontaine described the Epsilon wav
arrhythmogenic right ventricular dysplasia (ARVD) [18]. Font
leads are useful in increasing the sensitivity of detection of Eps
waves in ARVD [19]. The Fontaine precordial electrodes are place
the manubrium sternum, xiphoid and V4 positions (Fig. 4).
electrodes are connected to the right arm, left arm and left
Fig. 2. EASI lead system (See text for details).
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electrode connections of the electrocardiograph respectively [20
The three Fontaine bipolar precordial leads are FI (manubrium st
rum negative, xiphoid positive), FII (manubrium sternum negativ
V4 location positive) and FIII (xiphoid negative, V4 positive).
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Usually atrial repolarizationwave (Ta wave) is not evident on th
surface electrocardiogram, though its presence may be indirect
assumed by the presence of upsloping ST segment depression.
recent study reported a modified limb lead (MLL) system f
enhancing detection of atrial activity on surface ECG [21]. The rig
arm electrode is placed in the third right intercostal space just to th
left of mid clavicular line. Left arm electrode is placed in the fif
right intercostal space just to the right of the midclavicular line. Th
left leg electrode is placed in fifth right intercostal space in the m
clavicular line. Chest electrodes and ground electrode are in th
standard positions. This produces an ECG with low QRS amplitud
and good P waves. Since the left arm and left leg electrodes are clo
to each other, the tracing recorded in lead III is of very low amp
tude. The MLL system is useful in detecting atrial repolarization o
surface ECG, more so in cases of complete heart block where th
activity is not masked by the ensuing QRS complex in case of in
dependent P waves [22]. For the same reason, it was shown th
atrial repolarization (Ta wave) has a longer duration than what
noted in sinus rhythm. Need for further studies on atrial repolar
zation in pericarditis and atrial infarction has been suggested.

11. Neonatal and pediatric ECG monitoring
e
s
e
e

Pediatric and neonatal ECG monitoring is often challengin
Fig. 4. Fontaine leads (See text for details).
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[8] Nelwan SP, Kors JA, Meij SH, van Bemmel JH, Simoons ML. Reconstruction of

J. Francis / Indian Pacing and Electrophysiology Journal 16 (2016) 92e95 95
Small size of the subject makes application of multiple electrod
technically difficulty. Special pediatric electrodes in a cloth base ca
be used to reduce the trauma while pulling out the electrodes.
spite of the limitations, studies have shown that during neonat
reuscitation, ECG gives an indication of the heart rate faster tha
pulse oximetry [23].

12. Conclusion

Different lead systems have been proposed for different pu
poses, in addition to the standard 12 lead ECG. Though the mo
important aspect of ECG monitoring is detection of rhythm a
normalities, detection of ST shift is equally important. Detection
ST shift is important during a stress test, during and after
percutaneous coronary intervention. Special leads have bee
designed mostly for enhancement of atrial activity which can be
use in arrhythmia analysis as well as for assessment of atr
repolarization which is often ignored in surface ECG.
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