
1© Springer Nature Switzerland AG 2019 
A. Capucci (ed.), New Concepts in ECG Interpretation, 
https://doi.org/10.1007/978-3-319-91677-4_1

P-Waves Are the Main Clues 
for Correct ECG Interpretation

Mirko Beltrame, Paolo Compagnucci, 
and Alessandro Maolo

1.1	 �Case 1

A 63-year-old male with history of hypertension 
was admitted to the ER with aphasia and hemipa-
resis. Blood pressure was 140/85 mmHg. There 
were no clear heart murmurs or signs of heart 
failure. CT angiography showed left fronto-
insulo-temporal hypodense area related to an 
acute ischemic lesion. Carotid arteries were nor-
mal at echocolordoppler.

The following was his standard 12-lead ECG 
(Fig. 1.1).

1.1.1	 �ECG Analysis

Sinus rhytm, heart rate 71 bpm, regular RR 
intervals.

There is a positive P-wave in leads I, II, III and 
VF, isoelectric in VL and negative in VR. P axis 
is +60; PR interval is 180 ms.

P-wave terminal force in lead V1 (PTFV1, 
the product of the depth of the terminal portion 
of P-wave in V1 multiplied by its duration) is 
50 ms mm (Fig. 1.2).

P-wave duration (PWD) in lead II is 100 ms 
(Fig. 1.3).

P-wave area (PWA, the product of the dura-
tion and amplitude of the P-wave) is also higher 
than normal.

The QRS is 80 ms, with normal morphology 
and axis of +15°. Ventricular repolarization is 
normal with a QT interval of 380  ms and QTc 
(Bazett’s formula) of 413 ms.

Final ECG diagnosis: regular sinus rhythm 
and bi-atrial enlargement.

A 2D echocardiography and a 7-day-long 
ECG-Holter monitoring were recorded in order 
to check for paroxysmal AF episodes:

•	 At echocardiography: mild dilatation of left 
and right atria, grade I diastolic dysfunction 
and moderate mitral regurgitation.

•	 ECG monitoring did not document any epi-
sode of atrial fibrillation, atrial flutter or even 
atrial tachycardia.
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Therefore, in this case the single 12-lead ECG 
could suggest an atrial pathology, probably due 
to end-diastole pressure overload, a likely conse-
quence of undertreated arterial hypertension 
(Fig.  1.4).

Fig. 1.1  Case 1. 12-lead ECG

Fig. 1.2  P-wave terminal force in lead V1

Fig. 1.3  P-wave duration (PWD) in lead II
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1.1.2	 �From ECG to Pathology

There are many data in literature underlying how, 
in some patient that may have even QRS and 
repolarization abnormalities, a normal P-wave 
may be a quite specific index pointing to the 
absence of any cardiac dysfunction. On the other 
end, a P-wave abnormality may unmask a left 
ventricular hypertrophy [1, 2] or a diastolic 
dysfunction.

Over the past years, there has been a surge of 
interest towards a condition called “atrial cardio-
myopathy”. For the first time, this term was used 
in a paper dating back in 1972 [3] describing a 
family whose members developed supraventricu-
lar arrhythmias, atrioventricular block and atrial 
standstill; the authors reported at autopsy how 
“the right atrium showed diffuse interstitial fibro-
sis with areas of subtotal muscle loss. There was 
extensive interstitial fibrosis throughout the 
wall”, thus identifying fibrosis as a key element 
underlying atrial pathologies. Other experiences 
were published later [4].

It was only in 1997, however, that the term 
atrial cardiomyopathy was adopted referring to 
patients affected by atrial fibrillation. In an edito-
rial Douglas Zipes [5] commented on one of the 
first studies regarding pulmonary vein isolation 
as a treatment of atrial fibrillation. More recently, 
in 2016 [6], the European Heart Rhythm 
Association (EHRA), Heart Rhythm Society 
(HRS), Asia Pacific Heart Rhythm Society 
(APHRS) and Sociedad Latinoamericana de 

Estimulacion Cardiaca y Electrofisiología 
(SOLAECE), in cooperation with the American 
College of Cardiology and the American Heart 
Association, developed a consensus document on 
atrial cardiomyopathy, which is now defined as:

any complex of structural, architectural, contractile 
or electrophysiological changes affecting the atria 
with the potential to produce clinically relevant 
manifestations.

It is well recognized that the atria’s fundamen-
tal functions are not only to fill the ventricles but 
also to generate properly the cardiac rhythm and 
to secrete hormones such as the natriuretic 
peptides. Therefore, the atria may be involved in 
a wide spectrum of cardiovascular and systemic 
disorders, which are classified in a pathological-
clinical way in that consensus document, accord-
ing to whether the cardiomyocyte is mostly 
involved (Class I, such as in lone atrial fibrilla-
tion, diabetes mellitus or genetic cases), the 
fibroblast is mostly involved (Class II, such as in 
ageing or cigarette smoking), both cell types are 
involved (Class III, such as in valvular heart dis-
ease or congestive heart failure) or there are non-
collagen deposits (Class IV, such as in isolated 
atrial amyloidosis, granulomatosis, inflammatory 
infiltrates or glycosphingolipids).

What is most interesting for the clinician is 
that this atrial cardiomyopathy can be involved 
in the development of complications, such as 
atrial fibrillation and stroke. It is well known 
that the risk of stroke and the consequent need 

P-Wave terminal force in V1 (PTFV1)

Amplitude (mV)  x Duration (ms)

P-wave area (PWA)

P-wave duration (PWD)Fig. 1.4  Measurements 
of P-wave terminal force 
in V1 (PTFV1), P-wave 
duration (PWD) and 
P-wave area (PWA)
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to prescribe an anticoagulant in patients with 
atrial fibrillation do not depend on the duration or 
frequency of the arrhythmia but rather on the 
presence of clinical risk factors involved in the 
pathogenesis associated with the atrial cardiomy-
opathy, such as hypertension, heart failure, diabe-
tes mellitus, a prior stroke or embolic event, age 
and evidence of atherosclerotic vascular disease, 
factors that grouped together are the bases of the 
CHA2DS2-VASc score [7].

One hypothesis is that most cases of cardio-
embolic stroke could not be a consequence of the 
blood stasis in the atrial appendages with clot for-
mation, but rather stroke may be explained by the 
presence of the atrial cardiomyopathy indepen-
dently of atrial fibrillation. Some clinical data in 
patients with an implanted cardiac device and 
thus a continuous rhythm monitoring have shown 
that there is not a strong time correlation between 
atrial fibrillation and stroke. In the ASSERT 
(Asymptomatic Atrial Fibrillation and Stroke 
Evaluation in Pacemaker Patients and the Atrial 
Fibrillation Reduction Atrial Pacing Trial) study, 
only 8% of the 51 patients who developed a 
stroke had an atrial fibrillation episode in 30 days 
preceding the cerebrovascular accident [8].

Thus, at present there is a belief considering 
that atrial fibrillation is not a direct cause of 
stroke but rather an epiphenomenon related to an 
abnormal atrial substrate (atrial cardiomyopathy) 
[9]. The atrial fibrosis (an element already recog-
nized in the first paper of 1972), the inflammation 
state and the endothelial dysfunction may create 
a pro-thrombotic milieu.

Atrial fibrillation may be considered as one of the 
clinically relevant markers of an increased stroke 
risk, and, perhaps more importantly, the clinician 
should start as soon as possible to look more care-
fully for other markers that can increase the risk.

The ECG therefore is a fundamental and 
meaningful tool in this context. Starting in 1954 
with the publication of a paper by Puech [10], it 
was recognized that an interatrial block of con-
duction is characterized by a wide P-wave in 
DII. It was early recognized that interatrial block 
is frequently associated with other conduction 
disturbances, such as sinus node dysfunction and 
atrioventricular conduction problems, and also 

with structural abnormalities of the left atrium, 
mainly enlargement, which, however, is not 
always present [11].

Bayés de Luna [12] described the association 
of interatrial block (defined as a P-wave duration 
of 120 ms or more with a biphasic morphology in 
DII, aVF or DII) [13] and supraventricular 
arrhythmias. The ECG findings could be 
explained by the sequential cranio-caudal activa-
tion of the right atrium followed by the retrograde 
activation of the left atrium.

More recently, it has been suggested that the 
Bayés syndrome, as it is now called, is associated 
with an increased risk of stroke [14, 15].

A recently published meta-analysis [16] has 
confirmed the association of three left atrial abnor-
malities easily assessable by means of a surface 
ECG, namely, increased P-terminal force in the 
precordial lead V1 (PTFV1) >40  ms mm, pro-
longed P-wave duration (PWD) >120 ms reflecting 
interatrial block or greater maximum P-wave area 
(PWA) not only with an increased risk of atrial 
fibrillation and other supraventricular arrhythmias 
but also with an increased risk of stroke.

A careful ECG P-wave analysis may be con-
sidered as useful instrument which, together with 
a clinical evaluation, echocardiogram, biomark-
ers and cardio-MRI, might help us find those 
patients who, independently of a known atrial 
fibrillation, are at risk of developing a cardioem-
bolic stroke with consequent possible benefit 
coming from an anticoagulant therapy.

P-wave duration analysis can also be more 
accurate by evaluating the signal-averaged ECG 
(SAECG). SAECG is a simple noninvasive 
method, using cardiac electric signals from many 
surface electrodes, which has been used for years, 
initially to evaluate ventricular late potentials, 
and which has been extended to the P-wave to 
provide a more accurate evaluation of atrial con-
duction [17].

The values measured with all the leads are 
averaged to minimize interference and to see 
even the smallest alterations. A prolonged sig-
nal-averaged P-wave duration compared to the 
standard 12-lead ECG was found to be a more 
precise marker for the development of atrial 
fibrillation [18].

M. Beltrame et al.
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Other important findings detectable using 
SAECG are atrial late potentials. Late potentials 
are very-low-amplitude electric signals not vis-
ible with the standard 12-lead ECG. The QRS 
late potentials originally were studied to esti-
mate the ventricular arrhythmia risk. Similarly, 
the P-wave (or atrial) late potential can be useful 
to stratify the risk for paroxysmal atrial fibrilla-
tion. Budeus et al. hypothesized that atrial late 
potentials found on P-wave SAECG could have 
a role in the development of paroxysmal atrial 
fibrillation [19, 20]. However, the predictive 
value of atrial late potentials has not yet been 
demonstrated.

In summary, atrial cardiomyopathy is a clini-
cally meaningful concept that after many years of 
negligence is now under the light again, and its 
diagnostic correct evaluation could be of practi-
cal consequences. The ECG is therefore a simple 
and yet pivotal instrument that must not be for-
gotten in an era in which the diagnostic arma-
mentarium is continuously enlarging but with 
also economic limitations.

1.2	 �Case 2

This ECG of an asymptomatic and obese (BMI 
32) 65-year-old man was recorded on a preopera-
tive visit for an elective noncardiac surgery. The 
past medical history is unremarkable except for 
hypertension and dyslipidemia both well man-
aged with medications (Fig. 1.5).

1.2.1	 �ECG Analysis

Calibration: 0.5 cm/mV.
Speed: 25 mm/s.
RR interval: regular.
HR: 55 bpm.
P-wave duration: 80 ms.
P-wave morphology and amplitude: normal.
�P-wave axis: P-wave is positive in leads I, II, 
VF and VL, isoelectric in lead III and negative 
in VR lead. Axis is +30°.
PR interval: 200 ms.
QRS duration: 80 ms.

Fig. 1.5  Case 2. 12-lead ECG
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QRS morphology and amplitude: at first sight 
we could say that QRS voltages are small; how-
ever, this ECG was recorded with 0.5  cm/mV 
gain, so actually the maximum amplitude in V6 is 
1.5 mV, and in the peripheral lead, the criteria for 
low voltages are not satisfied. QRS amplitude is 
thus within normal limits.

In the QRS there is a minor right bundle con-
duction delay and absent R-wave progression in 
the precordial leads from V2 to V6. That pattern 
may be consistent with a possible previous silent 
myocardial infarction.

QRS axis: isoelectric in VF, positive in VR 
and almost negative in I and II leads. Thus, QRS 
axis is right deviated with a value of +120°.

ST segments and T waves were normal with-
out any clear sign of acute myocardial 
ischemia.

QT interval: 440  ms with a QTc of 421  ms 
(Bazett).

Among the possible differential diagnosis, 
mostly related to the right axis deviation and the 
absence of R-wave progression, we should 
mention:

•	 Previous silent anterior myocardial infarction
•	 COPD
•	 Congenital unknown cardiac abnormalities

In order to exclude major comorbidities, the 
patient was admitted to the cardiology depart-
ment for further evaluation.

At echocardiography even with contrast, not 
any significant abnormalities were noticed. The 
overall ejection fraction was normal together 
with the regional wall motion. Thus, the ischemic 
aetiology was unlikely.

Because of the poor acoustic window, a car-
diac MRI scan was afforded to exclude any con-
genital abnormalities that could have been missed 
at the transthoracic echocardiography.

The cardiac MRI surprisingly revealed the 
absence of the pericardium and of the pericardial 
fat.

Going back to ECG, we can notice that the 
morphology, the axis and the voltages of the 
P-waves are completely normal. This should 
have helped us to exclude any major cardiac con-

genital abnormalities. In fact, those should have 
led to atrial overload.

The complete congenital absence of the peri-
cardium is a very uncommon finding. Subjects 
are often asymptomatic, but the first clinical pre-
sentation could be a non-exertional chest pain 
[21, 22]. Describing in detail this condition is not 
the purpose of this chapter and textbook, though 
we will focus on the ECG tracing associated to 
this rare malformation.

The ECG abnormalities consistent with con-
genital absence of pericardium described in lit-
erature are quite unspecific. They include sinus 
bradycardia, complete or incomplete bundle 
branch block, poor R-wave progression in the 
precordial leads secondary to a left displacement 
of the QRS transitional zone and prominent 
P-waves in case of a presence of a right atrial 
overload [21–28].

The ECG we report has two of these features 
(incomplete RBBB and poor R-wave progres-
sion), while P-waves are normal.

P-wave focusing may therefore help not only 
in the right ECG interpretation but mainly in the 
correct clinical evaluation.
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