What Caused This...?

Discussion
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Figure 1

A nearly isoelectric Lead | means the frontal QRS axis is approximately perpendicular to

Lead | (around +90° or —90°), but when this occurs only in Lead |, the most common cause

is a limb-lead issue rather than intrinsic heart disease.

Most likely causes

« Limb electrode misplacement/misconnection: Right-arm/left-arm or other limb-
lead errors can make a bipolar limb lead (I, Il, or lll) appear nearly flat; swapping with
the neutral (right leg) can specifically produce an “almost flat line” in a single limb
lead, often Lead | . Limb-lead errors occur in ~0.4-4% of ECGs and about 1-3% in

routine audits.

« Axis exactly perpendicular to Lead I: True electrical axis determined by the
isoelectric-lead method can make Lead | equiphasic if the mean QRS axis is ~+90°

or —90°; confirm using another lead to resolve ambiguity.

o Lesscommon: marked low limb-lead voltage states (e.g., amyloidosis) can make
isolated limb leads appear very small, but this is typically diffuse across multiple

limb leads, not only Lead I.



What to check on the ECG

Signs of limb-lead reversal: Look for inverted P/QRS/T in Lead |, positive P in aVR,
unexpected axis between -90° and +180°, or discordance between limb and
precordial leads; these patterns strongly suggest misplacement rather than
pathology.

Einthoven triangle consistency: Verify | + Il = [l consistency* and assess
predictable axis rotations produced by specific reversals; LLR patterns and axis
shifts are mathematically predictable and can identify the exact swap.

P-wave approach: Use sinus P-wave axis and morphology to diagnose limb-lead
misplacements not involving the ground lead with high accuracy (~94%).

Check other limb leads: If Lead | is flat but || and lll are normal amplitude, suspect
a “zero-potential” configuration from misconnection; flatness in a single limb lead is
a hallmark when a limb lead is interchanged with the neutral lead.

Next steps to confirm

Repeat the ECG after carefully reapplying leads at standard wrist/ankle or
conventional limb positions and verify chest lead landmarks; corrected tracings
should normalize if misplacement was the cause.

Reassess axis using the isoelectric-lead method after repositioning to confirm a
physiologic axis and that Lead | is no longer uniquely isoelectric.

In short, isolated isoelectric Lead | is most often a limb-lead

misplacement/misconnection; re-record with correct placement and verify reversal clues,

Einthoven consistency, and P-wave axis to confirm.

Advanced COPD

Advanced COPD can produce a “vertical heart” with rightward frontal QRS and P-wave

axes, which can make Lead | appear small or nearly isoelectric when the mean QRS is

close to +90° (perpendicular to Lead I). However, isolated near-flat Lead | is still more

often technical (limb lead misconnection, especially involving the right-leg “neutral”) than
true COPD physiology.



How COPD can cause a near-isoelectric Lead |

Marked right axis deviation (RAD): Emphysema shifts the QRS axis rightward;
when it approaches +90°, Lead | becomes equiphasic/low amplitude by the
isoelectric-lead method.

Vertical P-wave axis: COPD often produces a vertical P axis; Pinlead lll > P in lead |
(or negative P in aVL) is common and supports emphysema physiology rather than
lead error.

ECG clues supporting COPD (vs lead error)

Rightward QRS axis across multiple limb leads (e.g., negative/near-isoelectric in
I, positive in aVF), with consistent morphology across Il, lll, aVF—not just a single
lead abnormality.

P pulmonale: Tall P waves in inferior leads and possible RAD of the P axis in COPD.

Reported “Lead | sign” in COPD: small or nearly flat Lead | despite other disease
patterns, proposed as a highly specific COPD marker in case reports
(hypothesis-generating).

Other non-COPD causes of near-isoelectric Lead | to consider

Limb lead misplacement/misconnection: Especially interchange with the neutral
(right-leg) lead; hallmark is an “almost flat line” confined to a single limb lead (I, Il, or
[I1) with otherwise inconsistent patterns—confirm with Einthoven’s law and repeat
ECG.

True extreme axes: Superior (-90°) or rightward (+90° to +180°) axes from right
ventricular hypertrophy, pulmonary hypertension, hyperkalemia, or
conduction/WPW can minimize Lead | amplitude when perpendicular.

Diffuse low limb-lead voltages: Amyloidosis and pericardial effusion reduce
voltages, but typically across several limb leads rather than only Lead I.

In practice, confirm COPD-related vertical axis by showing consistent rightward QRS and
P-wave axes across limb leads and absence of lead-reversal signs; if doubt

persists, repeat the ECG after careful lead reapplication and recheck Einthoven
relationships and axis by the isoelectric-lead method.



The Effect of Body Habitus

A tall, thin body habitus often produces a more “vertical” cardiac position, which can shift
the frontal QRS axis rightward toward +90°, making Lead | small or nearly isoelectric even
without disease. This is a physiologic variant sometimes termed a vertical heart and is
analogous (though typically milder) to the axis changes seen in emphysema/COPD.

Why tall-thin can flatten Lead |

« Vertical heart orientation: Upright/elongated thorax rotates the mean QRS vector
inferiorly/rightward; when near +90°, Lead | becomes equiphasic/low amplitude by
the isoelectric-lead rule.

« Body habitus influences axis/voltages: Axis correlates with anthropometrics;
lower BMI tends to have less leftward shift than obesity (which pushes axis left and
lowers voltage), so tall-thin patients may show relatively rightward axes and
preserved limb voltages.

What to look for to support a benign vertical axis (vs pathology or lead error)

« Consistent axis pattern across limb leads: Negative or small QRS in | with positive
in aVF (rightward axis), without contradictions to Einthoven’s law, favors normal
variant orientation.

« Absence of COPD markers: No vertical P-axis (>60-70°), no P pulmonale, and no
COPD-type precordial patterns; COPD typically shows vertical P-axis and rightward
QRS axis together.

+ Rule out limb-lead misplacement: Single-lead near-flatness can reflect
limb/neutral lead issues; check for inversion in |, unexpected positive P in aVR, and |
+ 1l = Il consistency*, and repeat ECG if uncertain.

In summary, a tall, thin patient can legitimately have a near-isoelectric Lead | due to a
vertical heart and rightward QRS axis; confirm with coherent limb-lead axis patterns and
absence of COPD or lead-reversal signatures.

*If you do not understand what | mean by “I + lll = Il consistency,” | will write an article on
that and post it on Linkedln. Many people who read ECGs think it is complicated, but | can
explain it so that you can make use of it as an estimate of the authenticity of a QRS axis.
Look for it in the next couple of weeks.



