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ECG lead misplacement can dramatically alter the appearance of the ECG.
If this is not detected significant and profound errors in treatment can ensue.
We report the case of a 42 year old male who presented following a fall down a
flight of stairs. An ECG was performed and this was compared with a previously
recorded ECG which was filed in the patient’s hospital record. Two separate limb
lead misplacements were present on this ECG even though classical features of
both limb lead misplacements were present. Not only was this ECG filed in the
in-patient records the ECG was not signed off by a senior doctor.
Highlights: ECG lead misplacements alter the ECG diagnosis in
approximately 25% of cases.
Use of the “REVERSE mnemonic” has the potential to highlight incorrect
lead placement.
A near-flat line in lead II is characteristic of right arm-right leg misplacement.
In RA-LA misplacement P-QRS-T complexes are negative in lead I and
positive in a VR.
Keywords: ECG lead misplacement; “REVERSE” mnemonic; Right arm
-right leg misplacement; Right arm- left arm

Introduction
The Electrocardiogram (ECG) is one of the most important and
most frequently requested investigations in the management of the
acutely unwell patient [1]. It is inexpensive, quick and easy to record
and this record is easy to reproduce if appropriate attention to the
placement of electrodes is given [2]. In spite of this lead misplacements
do occur which, if not recognized, may have disastrous consequences
with patients receiving the wrong treatment or not being treated at all
based on the features of an incorrectly acquired ECG [3].
We describe a previously unreported case in which two separate
limb lead misplacements occurred simultaneously on the same ECG
even though the characteristic features of both were clearly evident.
A review of the ECG appearances of both examples of misplacement
is presented together with tips on how to recognize these lead
misplacements.

Case Presentation
A 42 year old male, with a background history of epilepsy,
presented to our Emergency Department (ED) after falling down a full
flight of stairs. He stated that he felt like he was going to have a seizure
while at the top of the stairs. The next thing that he remembered was
waking up at the foot of the stairs. He complained of injuries to his
head and neck.
On examination vital signs were within normal limits. Tenderness
was elicited over the occiput and the upper cervical spine. A CT scan
of his head and neck was performed, both of which were normal.
An ECG was performed to determine if his fall might have
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Figure 1: Normal sinus rhythm.

been due to an arrhythmia. This was normal (Figure 1). Due to the
potential causes and consequences of the fall the in-patient records
were retrieved to search for any relevant past medical conditions
and also to compare his ECG with previously recorded ones. One
of the ECGs in the in-patient records, which had been recorded one
year earlier, revealed classical features of not one but two different
types of ECG limb lead misplacement, namely right arm – right leg
misplacement and right arm – left arm misplacement (Figure 2). Of
note this abnormal ECG does not appear to have been “signed off” by
a senior doctor. It was filed in the in-patient notes and even though
previously recorded ECGs with no evidence of lead misplacement
were available for comparison these two limb lead misplacements
went undetected. It was not possible to identify who had missed the
lead misplacements. It was never our intention to reprimand any
member of staff as a result of these errors. We chose to educate all
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Figure 2: ECG with characteristic features of both right arm-right legand right
arm-left arm misplacement.

Figure 4: Right arm-left arm misplacement.

Figure 3: Einthoven triangle with correct lead placement.

medical staff and nursing staff, regardless of status, on the appearance
of limb lead misplacements. We hope that this intervention will help
reduce the overall numbers of lead misplacements, and in particular
those which heretofore have gone undetected.

Discussion
ECG lead misplacements alter the diagnosis in approximately
25% of cases [4] and can mimic other conditions such as myocardial
infarction [3] or conceal the ECG features altogether [5]. Misplacement
of the limb leads has a much more profound effect on the ECG
compared with misplacement of precordial leads [2]. It is imperative,
that ECGs are correctly recorded and free from lead misplacement
to ensure that they are an accurate representation of the patient’s
condition and to avoid inappropriate treatment being administered
or incorrectly being withheld on the basis of an erroneously acquired
ECG [2] (Figure 3).
The prevalence of ECG lead misplacement varies according to
the acuity of the patient’s condition. Bond et al reported that the
prevalence of lead misplacement in ECGs recorded in an intensive
care unit (4%) was ten times higher than those recorded in an
outpatient setting (0.4%) [6]. The2010 American Heart Association
guideline for the management of Acute Coronary Syndrome (ACS)
states that ECGs should be performed within ten minutes of arrival
to hospital on all patients who present with possible ACS [7]. This
target time, together with the severity of the patients’ condition, has
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Figure 5: Right arm-left arm misplacement in an ECG with right arm-right leg
misplacement.

the potential to result in even high errates of lead misplacement.
The ECG appearances with limb lead misplacement can easily and
consistently be explained using the Einthoven triangle. The classical
appearance of right arm- right leg misplacement is the presence of a
near-flat line in lead II [8] while in right arm-left arm misplacement
negative P-QRS-T complexes in leads I and a VL and positive QRS
complexes in lead a VR are seen [9] (Figure 4 and 5).
The most commonly encountered electrode misplacement is right
arm-left arm misplacement, [4] which accounts for 20%of all cases
[9,10]. ECG ﬁndings due to electrode misplacement can be difficult
to detect despite producing characteristic appearances in many cases
[11]. Despite the potential consequences of lead misplacement few
ECG interpretation books cover adequately cover this topic [1,12].
In the process of reproducing these two misplacements we
determined that the right arm - right leg was misplaced first followed
by the right arm-left arm. When the leads were misplaced in the
reverse order the near flat line in lead II moved to lead III. It despite
a detailed literature search we were unable to identify any reports in
which two limb lead misplacements occurred simultaneously.
Healthcare professionals responsible for recording and analyzing
ECGs should receive adequate training to minimize the likelihood
of incorrect lead placement. Thaler et al. achieved a 75% reduction
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Table 1: “REVERSE” Mnemonic for common lead reversals and their significance [14].
Abnormal finding

Significance

R

R wave is positive in a VR (P wave also is positive)▲

RA- LA lead misplacement

E

Extreme axis deviation: QRS axis is between +180 and -90 degrees

RA- LA lead misplacement

V

Very low voltage (< 1mm) in isolated limb lead

RL misplacement

E

Exchanged amplitude of P waves (P wave in lead I is larger than in lead II) †

LA- LL misplacement

R

R wave-abnormal progression in the precordial leads●

Precordial lead reversal

S

Suspect dextrocardia (negative P waves in lead I)

Possible dextrocardia

E

Eliminate noise and interference (artefact mimicking tachycardia or ST- changes)

Artefact

RA – right arm, LA – left arm, LL – left leg, RL – right leg,
▲ Negative P-QRS-T in lead I,
Concordant negative QRS and T waves in leads I, II, III, a VL and/or a VF (RA – LL, RA – LA and RL – LL misplacement),
† Sensitivity 90%15,
● The orientation of the QRS complexes in leads I and V6 should be the same [8].

in electrode misplacements in their intensive care unit through
demonstration of errors made and a 45 min teaching session on
electrode misplacement [13].
It is important to have easy access to previously recorded ECGs
to facilitate timely comparison and recognition of errors. The ECG
changes should be interpreted in light of the clinical history and all
ECGs should be “signed off” by an adequately trained member of
staff. Where lead misplacement is suspected, a new 12-lead ECG
should be obtained and the one containing the error discarded or
stored separately and used for training. Use of other resources such
as the “REVERSE mnemonic” [14] should be considered as it has the
potential to highlight incorrect lead placement (Table 1).

Conclusion
ECG lead misplacement can alter the ECG appearance
dramatically and represents an avoidable risk in patient management.
A senior doctor should review all ECGs and together with education
and training in recognition of lead misplacements this should reduce
the prevalence of ECG lead misplacements.
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