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Abstract—  Left atrial (LA) abnormalities on the ECG are
related to inter-atrial conduction block (IAB), atrial
enlargement, and high wedge pressures. Implantable
monitoring of IAB may be useful in managing these conditions.
Pacing electrodes could monitor the characteristic posterior
rotation of the terminal P-wave vector. We tested this concept,
and its immunity to confounders (lung edema, heart dilation).
METHODS:  P-waves were studied using thoracic computer
models generated from MRI.  Dipoles were determined from
atrial mapping studies of Boineau, and matched to the
recorded ECG.   To simulate IAB, a P-wave vector rotation
was introduced. Voltage changes were measured at various
pacemaker electrodes. RESULTS:  The P-wave voltage
between a left pectoral Can and the RV-coil produced the most
sensitive measure of IAB (0.31 mV change), followed by
measurements between Can-RVtip (0.24 mV), LV-RV coil
(0.23 mV), and Can-RA (0.21 mV). CONCLUSIONS: Terminal
P-wave changes characteristic of IAB are best monitored by
Can to RV-coil measurements. Lung edema and heart dilation
caused small effects on the measured P-wave voltage, as com-
pared to those caused by IAB alone. Tracking IAB could com-
plement other sensors, such as thoracic impedance for edema.
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I.  INTRODUCTION

With an aging population, cost-effective patient
management of chronic heart disease is a high priority for
today’s medical device industry.  In particular, pacemaker
companies are increasingly interested in adding sensors and
monitors to their implantable devices.  An example of this is
the Medtronic Insync Sentry, recently approved by FDA.
This implantable defibrillator uses impedance to monitor
edema, which occurs in advanced heart failure.  If the
patient develops edema, an early warning is provided,
allowing for opportune therapeutic interventions. Costly
hospitalizations are thus avoided.   This is the context of the
present investigation, studying another such sensor, based
on a different concept.

It has been known for some decades that the
conventional 12 lead electrocardiogram (ECG) externally
recorded with standard skin electrodes changes when there
are abnormalities of the left atrium.   In fact, there is a term
coined for this finding on the ECG:  “left atrial abnormality”
or “left atrial enlargement”.   Cardiology textbooks relate
this finding with enlargement or high blood pressures of the

left atrium, as well as with electrical conduction defects
between the right and left atrium of the heart. Several
studies [1,2] have indeed established an association of left
atrial abnormalities with fluid decompensation in heart
failure. For instance, Abraham [1] investigated the
relationship between lung edema and PTF-V1, defined as
the ECG terminal force (subtended area in mm-sec) of the P-
wave in lead V1.

Fig. 1.  ECG changes in lead V1, in the terminal force of the P-wave
(PTF-V1), in mm-sec. A threshold for normality of –0.03 mm-secs
was used. Data for 35 patients. Most patients showed a fall in PTF-
V1 with treatment (figure from Abraham [1]).
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Figure 1 above shows that hospitalized patients who
were in pulmonary edema initially presented with an ECG
(PTF-V1) more negative than –0.03 mm-secs  (“before”
column). When the patients were treated and their
pulmonary edema resolved, (“after” column), the PTF-V1
magnitude on the ECG dropped significantly, as seen in the
figure.  This illustrates the rationale of using such ECG
feature as a marker for edema.

In light of unspecific observations, later investigations
have established that the true mechanism for the PTF-V1
finding is Inter-Atrial Block [3,4], that is, when the
activation of the left atrium is abnormally delayed with
respect to the right atrium. Current medical knowledge
contemplates that this block is secondary to fluid overload
(as in thoracic edema) stressing the left atrium or Bachman
Bundle, either by enlargement or strain secondary to high
pressure [5,6]. An enlarged left atrium imposes risks leading
to atrial fibrillation and thrombus formation.

It may be advantageous to continuously monitor the
appearance, progression or resolution of Inter-Atrial Block.
Patients with an implanted monitor could be warned of an
impending edema decompensation, or of the appearance of
an undesirable atrial fibrillation precursor.  That device
could perform similar functions to an impedance monitor, or
even complement it, to obtain greater accuracy in predicting
decompensation.

An obvious way to track Inter-Atrial Block is by simply
measuring the conduction time between the right atrium and
the left atrium, as in an electrophysiology study. A
disadvantage of this approach with implantable devices is
that it requires unconventional left atrial electrodes in the
coronary sinus lead. Adding electrodes to standard leads is
very difficult: it poses challenges because of greater
mechanical limitations ( the lead must remain thin, fatigue-
resistant, yet accommodate extra conductors). Furthermore,
the connectors on the device add further complexity and
size.  The additional feed-throughs required at the enclosure
add even more difficulties to such a novel lead.  Less
problems would occur if Inter-Atrial Block could be
monitored using standard implanted leads, as are widely
used today.  Mechanical concerns would be alleviated, and
many more patients could use the invention, without the
problems of using nonstandard leads.

This simulation study investigates a method to
accomplish such monitoring of Inter-Atrial Block. The
method relies on detecting the rotation of the terminal P-
wave vector that occurs in the heart with Inter-Atrial Block
(Fig. 2). The concept is the equivalent to the ECG  PTF-V1
measurement done with external 12 lead ECGs, but in the
approach proposed here it is done with standard implanted
lead electrodes, using optimal electrode configurations
determined with computer models.

II.  METHODS

Three dimensional thoracic computer models generated
from MRI were used to study the changing potentials
occurring with a terminal P-wave vector rotation. The
subject imaged as the anatomical source for our model was a
63 year old male, 100 Kg,  180 cm in height.  The MRI was
performed with a 1.5 Tesla Siemens Sonata. Axial images
were obtained from abdomen to neck over a cardiac cycle.
The images were segmented at the axial resolution of the
MRI, 1.5 mm.  Each tissue was assigned an appropriate
electrical resistivity [7]:  muscle was assigned a value of 400
ohms-cm, lung was 1400 ohms-cm, blood was 150 ohms-
cm,  liver and kidneys were 600 ohms-cm, bone and fat
were 2000 ohms-cm, among others. The model contained
3.8 million elements and had 1.5 x 1.5 x 5 mm resolution.

Fig. 2.  Method to monitor development of Inter Atrial Block using the
amplitude of the terminal part of the P-wave, as measured from standard
pacemaker/defibrillator electrodes (Can to RV-coil in this case). The
conduction block causes the terminal P-wave dipole to rotate posteriorly,
augmenting the excursion noted in a wideband electrogram.

A terminal P-wave dipole vector was placed in the
inferior aspect of the left atrial blood pool with the guidance
of the human atrial mapping studies of Boineau et al [8].
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The dipole was adjusted so as to match model’s ECG skin
potentials with an actual 12 lead ECG recorded from the
same subject who was imaged by the MRI.   To simulate an
IAB, a posterior P-wave vector rotation of 36 degrees was
introduced. Figure 3 at right shows the voltage potentials on
the surface of the mediastinum, as rendered from the MRI
data, before and after the P-wave vector rotation.  The 12
lead ECG was then verified to have the classic IAB signs
(PTF-V1 = –0.08 mm-secs). Voltages between various
standard pacemaker/defibrillator electrodes (left pectoral
Can, RA, RV, SVC coil and RV defibrillation coil, LV)
were measured, to quantify the response to IAB with several
configurations.  To study the effects of possible
confounders, pulmonary edema and heart dilation were
introduced in the model by varying lung conductivity (1400
to 350 ohms-cm) and total heart volume (394 to 609 mL).
The voltage measurements were made at end diastole.

III.  RESULTS

The P-wave voltage recorded between a left pre-
pectoral Can and the RV-coil produced the most sensitive
measure of terminal P-wave rotation associated with inter
atrial-block (a change of 0.31 mV was observed).  The next
best configuration was Can-RV tip (0.24 mV change),
followed by LV-RV-coil (0.23 mV), Can-RA (0.21 mV) and
others, as shown in the chart of figure 4 (next page).  Also
plotted in the chart are the effects of severe lung edema and
heart dilation. This permitted the evaluation of the
confounding effects that these pathologies had on the
measurement of P-wave vector rotation. The electrode
configurations that were most sensitive to the rotation were
also not significantly affected by lung edema or cardiac
dilation. In contrast, in other configurations, such as LV-
RA, the effects of all three abnormalities are quite similar in
magnitude and thus they may be difficult to discriminate.

IV. DISCUSSION

The results show that the terminal P-wave rotation
characterizing Inter-Atrial Block can be monitored with
amplitude changes similar in magnitude to that of the native
P-wave. The simulations predict that the most sensitive
measurement is between the left pectoral Can electrode and
the RV coil. The effects of pulmonary edema and heart
dilation were found to be small in the electrode
configurations most sensitive to P wave rotation, and
significant in others (figure 4).

Fig. 3.  3D view of potential distribution of the terminal P-wave on the
mediastinum and descending aorta, in a normal condition (top), and with
Inter-Atrial Block (bottom). This is a left anterior oblique view, from
above. The spinal cord is shown, and an abdominal cross section outline is
seen in white, inferiorly. The rotation of the P-wave vector is evident.
Yellow tones are negative voltages, blue near zero, and magenta tones are
positive. Pacemaker and defibrillation electrodes are very near the
mediastinum, which allow them to measure such rotation.
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Fig. 4.  Changes in terminal P-wave amplitude due to Inter-Atrial Block, in
milliVolts, listed by electrode configuration.  The effects on the terminal P-
wave amplitude due to heart dilation and lung edema are also shown, to
gauge the effects of these confounders.

Although the Can-RV configurations were the most
sensitive, they may suffer from pectoral muscle movement
and postural changes.  In some patients the Can migrates in
the chest, or is moved by the patient in cases of “twiddler’s
syndrome”.   The immunity to Can movement was not
quantified in this investigation, but it may be eliminated by
using the third best configuration studied: LV-RV coil.  Its
attractive characteristic is that the electrodes are fixed to the
heart, giving additional geometrical stability and postural
robustness that the pectoral Can may not have.

Spodick [9] has commented on the large prevalence and
risks of IAB in hospital populations. In the context of heart
failure patient management, the importance of monitoring
left atrium abnormalities is well established. In fact, the
clinical standard measure of fluid congestion, the pulmonary
capillary wedge pressure, is an indirect measure of left atrial
pressure. An inter atrial block monitor could complement
the emerging thoracic impedance monitors, now appearing
in implantable devices for fluid management purposes.

We acknowledge the lack of high specificity of the left
atrial abnormality on the ECG when related to atrial
enlargement, atrial hypertension, or hypertrophy [5].  For
this reason, we have presented our concept of left atrial
monitoring in relation to the most widely accepted cause of
the LA abnormality on the ECG:  inter atrial block.  We
hope that an implanted monitor of IAB may help in
clarifying the specificity issues still present in the
electrocardiographic phenomenon. In this context, our
computer modeling study is best understood as a
preliminary step that may help in the design of related
human studies of implantable monitors.

V.  CONCLUSION

Computer models suggest that terminal P-wave changes
characteristic of IAB are best monitored by Can to RV-coil
measurements. Lung edema and heart dilation caused small
effects on the measured P-wave voltage, as compared to
those caused by IAB alone. Tracking IAB could
complement other implantable patient monitors, such as
thoracic impedance for edema.
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