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ABSTRACT

In a group of 24 patients with severe chronic obstructive
lung disease and varying degrees of pulmonary hyper-
tension, a study was made of the relationship between
haemodynamic data and the P wave as recorded both by
conventional ECG and by a special recording method.
An increased P-wave amplitude was recorded in 339%
and 42% of the patients, respectively, with the two
methods. None of the 5 patients with marked pulmonary
hypertension and an elevated PCV pressure showed an
increase of the P-wave amplitude, while all 6 patients
with marked pulmonary hypertension but no elevation
of the PCV pressure showed an increase of this am-
plitude on special recording. Changes in configuration of
the P wave seem to be related to an increased PCV
pressure.

INTRODUCTION

The aim of this investigation was to study, in a
group of patients with advanced chronic obstruc-
tive pulmonary disease and varying degrees of
pulmonary hypertension, the relationship between
haemodynamic data and the P wave recorded
both by conventional ECG and by a special
method (7) giving high discrimination of the
atrial activity.

MATERIAL AND METHODS

The study was performed on 24 patients (18 men and 6
women of ages between 39 and 70 years, mean age 60.8
years) with a 3 to 10-year history of severe chronic ob-
structive pulmonary disease. From the original material
of 25 patients one patient with nodal rhythm was ex-
cluded. Thirteen of the patients had had at least one
period of respiratory insufficiency that had necessitated
breathing assistance by a physiotherapist or treatment
with a respirator. The maximal ventilatory capacity at a
free frequency (MVVy) varied between 10 and 35% of
the predicted value and the forced expiratory volume in

per cent of the obtained vital capacity (FEV%) varied
between 18 and 509%. A detailed description of the
clinical and the physiological findings are given elsewhere
by Brundin & Tammivaara-Hilty (2) and Tammivaara-
Hilty (11).

Right heart catheterization with pressure and flow
measurements at rest was performed on all patients and
corresponding measurements during exercise were made
on 22 of the 24 patients. All examinations were carried
out at a time when the patients were assessed clinically
to be in an optimal state.

Seven of the 24 patients were found on catheterization
to have an elevated pulmonary capillary venous (PCV)
pressure, either at rest (lowest 13 and highest 23 mmHg)
or during exercise (lowest 21 and highest 36 mmHg). The
mean pressure in the pulmonary artery (PA) at rest was
higher than normal in all patients, moderately increased
(18-27 mmHg) in 13 patients and markedly increased
(28 mmHg or higher) in 11 patients. According to these
limits for the mean PCV and PA pressures, the patients
were divided into four groups (see Table I).

Recording of 12-channel ECG (leads I, II, III, aVR,
aVL, aVF, V,_¢) with the conventional amplification
{1 mV =10 mm) and a paper speed of 50 mm/sec, using
a direct-writing ECG apparatus (Mingograf 81, Elema
Schonander Ltd., Sweden), was done the day after the
heart catheterization with the patient at rest in the re-
cumbent position. On the same occasion three bipolar
chest leads were recorded. These three leads have a com-
mon electrode placed over the sternal angle. The first
lead (S1) measures the potential difference between the
highest point in the left midaxillary line and the common

electrode. The second lead (S2) measures the potential

difference between the distal end of the sternal body
and the common electrode and the third lead (S3) meas-
ures the potential difference between a point over the
spinal column at the level of the sternal angle and the
common electrode. In this recording a 3-channel differ-
ential pre-amplifier with a 10-times higher amplification
(0.1 mV=10 mm) than in a conventional ECG record-
ing was used and the ECG recorded with a Mingograf 81.
The paper speed was 100 mm/sec.

Fifty control subjects (age 20-71 years, with no known
heart or lung disease) were studied by the special bipolar
ECG method.

The amplitude of the P wave in the extremity leads II,
III and aVF was measured (to the nearest */, mm). The
amplitude of P in the lead with the highest P wave
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Fig. 1. Examples of special recordings
A, normal P wave; B, P wave with “abnormal” con-
figuration.

(usually IT) was noted. As a criterion of P pulmonale a
P-wave amplitude of >2.5 mm (0.25 mV) in leads II, IIT
or aVF was used.

In lead V; the highest positive amplitude (mm) and
the duration (sec) of the initial P portion were measured
and by multiplication of these values the “P initial force”
was obtained (6). The range —0.01 to + 0.07 was used as
the normal range of “P initial force” as recommended by
Morris et al. (6).

In the bipolar chest lead S2 the beginning and end of
the P wave were connected by a line and the maximal am-
plitude in mm over this line was measured. The mean
value of three different P-wave amplitudes was noted.
The amplitude of P in S2 was <23 mm (0.23 mV) in 49
of the 50 control subjects, and this was accepted as the
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Fig. 2. Relation between P-wave amplitude in special
lead S2 and mean pressure in pulmonary artery at rest.
Circles represent women, triangles men. Filled symbols
indicate patients with an increased PCV pressure.

normal limit. In addition to measurement of the am-
plitude in S2 the configuration of the P wave was eval-
uated. The criterion used for an abnormal configuration
was a distinctly biphasic P wave with a terminal vector
directed posteriorly (see Fig. 1).

The investigator who made the measurements on the
ECG recordings had no knowledge of the findings at the
other investigations. The first P wave after an extra-
systole, if present, was not included.

RESULTS

The results are presented in Table I and Fig. 2.

Eight of the 24 patients (33%) exhibited P
pulmonale in the conventional ECG recording,
while 10 (42 %) showed an increased P-wave am-
plitude in the special recording. Seven of the 24
patients had an elevated PCV pressure. Of 11
patients with marked pulmonary hypertension,
5 also had an elevated PCV pressure. None of

Table 1. Relations between pressures in the lesser circulation and the ECG findings

Conventional ECG Special ECG recording

Abnormal  Abnormal
Mean PCV No. of P “P initial P configura- P amplitude

Group Mean PA pressure pressure patients  pulmonale force” tion >24 mminS2
A Markedly increased Increased 5 0/5 1/5 4/5 0/5

B Markedly increased Not increased 6 5/6 2/6 0/6 6/6

C Moderately increased Increased 2 1/2 0/2 1/2 1/2

D Moderately increased Not increased 11 2/11 0/11 1/11 3/11

24 8/24 3/24 6/24 10/24
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these 5 showed P pulmonale or an increased P
amplitude in the special ECG recording, while all
6 patients with marked pulmonary hypertension
without elevation of the PCV pressure had a high
P-wave amplitude in the special recording. Five
of the 7 patients with a raised PCV pressure
showed a P wave with an abnormal configuration
—biphasic with a terminal vector directed pos-
teriorly— while this change in configuration was
seen in only 1 of 17 patients with a normal PCV
pressure.

DISCUSSION

“P pulmonale”, with high, pointed P waves in
lead II, was described 1935 by Winternitz (13)
in chronic pulmonary disease. Later investigations
which have been reviewed by Thomas & Dejong
(12), have shown a considerable variation (5—
85%) in the occurrence of P pulmonale in this
disease.

Reynolds (9) states that with direct leads from
the atria the maximal amplitude of P in control
cases is influenced by both the right and the
left atrium. He found the asynchronism between
the atria to be on the average 2.8 csec. In pa-
tients with congenital heart disease and high P
waves, only a slight increase of the asynchronism
between the atria (3.3 csec) was found on re-
cording from the right atrium. In these patients,
also, the deflexion thus began in the left atrium
before the deflexion in the right atrium had
reached its maximum. In ‘patients with mitral
stenosis the asynchronism between the atria was
5.1 csec, which meant that the deflexion in the
right atrium had passed its maximum before the
deflexion in the left atrium had begun.

During the last few years reports have been
made on findings of a raised end-diastolic pres-
sure in the left ventricle in patients with chronic
obstructive pulmonary disease (4, 8). Left ven-
tricular hypertrophy has been found at autopsy
studies in chronic obstructive lung disease (3, 5).

Morris et al. (6) found a significant correlation
between the pressure gradient over the pulmonary
arterial ostium and the “P initial force” in pa-
tients with pulmonary valvular stenosis. Of the 24
patients in our study, only three showed an
elevated “P initial force”. These three all belonged

11 — 722859

to the group with a pronounced increase of the
mean pressure in the pulmonary artery, and one
of them also had a raised PCV pressure. The “P
initial force” thus does not seem to be a very
sensitive measure of pulmonary hypertension in
chronic obstructive lung disease.

Sano et al. (10) found, in differential vector
cardiography, that with enlargement of the right
atrium the maximal vector of the P loop showed
an anterio-inferior direction, while with enlarge-
ment of the left atrium the terminal vector of
the loop was oriented posterio-inferiorly and to
the left. This is the reason that we chose to
study the P amplitude in the bipolar special lead
S2, and in the presence of a biphasic P wave the
terminal vector of the P wave in S3. One par-
ticular advantage of the special recording over
the conventional ECG is that it allows a more
reliable assessment of the P-wave configuration.

Our results indicate that patients with chronic
obstructive pulmonary disease and marked pul-
monary hypertension with a raised PCV pressure
have a lower P-wave amplitude than correspond-
ing patients without a PCV pressure elevation. A
possible explanation for this is an increased
asynchronism between the atria in patients with
an elevated PCV pressure.
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