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ECG CASE STUDY

Short PR Interval
Ross MacKenzie, MD

A short PR interval may be associated with an otherwise normal
electrocardiogram or a myriad of bizarre electrocardiographic ab-
normalities. Clinically, the individual may be asymptomatic or ex-
perience a variety of complex arrhythmias, which may be disabling
and rarely cause sudden death. In life insurance applicants, it is
important to recognize these abnormalities and to assess their risk
appropriately.
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CASE SCENARIO

A 34-year-old businesswoman is applying
for a large life insurance policy. She is asymp-
tomatic at the time of her application. While
attending university 14 years ago, she had
two episodes of ‘‘tachycardia.’’ Both occurred
when she had been drinking an excessive
amount of coffee while cramming for final
examinations. Both episodes lasted less than
an hour and had disappeared by the time she
arrived in the local emergency room. After
her examinations that year, the university
medical clinic referred her to a cardiologist in
her hometown for follow-up assessment. She
was told she had a benign arrhythmia and
did not require medications. She has had no
recurrences and has tolerated 3 pregnancies
during the interim.

Because of this history, the underwriter as-
sessing her application requested an attend-
ing physician’s statement (APS) from the car-

diologist and ordered an electrocardiogram
(ECG). The APS disclosed that she had a nor-
mal cardiovascular examination at that time.
Her investigations, which included a resting
and exercise ECG, a 24-hour ambulatory ECG
and an echocardiogram, were all reported as
normal.

The ECG done as part of the current risk
selection process for her application is con-
tained in the Figure. What do you think? Is
it normal or abnormal? The underwriter
thinks she may have had a previous myocar-
dial infarction, do you agree? How do you
account for her previous normal ECG and
does the change have any prognostic value?

ECG INTERPRETATION AND ANALYSIS

The prevailing rhythm is sinus in origin
with an average ventricular rate of 62 beats
per minute. The PR interval is very short (0.08
seconds) and in most leads, no clear-cut PR
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Applicant’s electrocardiogram.

segment is visible. The QRS complexes are
abnormally wide and measure 0.13 seconds.
In leads I, II, AVL, and V3–V6, the wide QRS
complexes rise directly from the end of the P
wave, eliminating the PR segment. These QRS
complexes are deformed by a broad slur on
the initial part of the upstroke of the R wave.
The ST segment and T waves appear normal.

Although a short PR interval may be a nor-
mal variant, it also has been noted in a num-
ber of clinical conditions including: hypertro-
phic cardiomyopathy, Ebstein’s anomaly, tri-
cuspid valve atresia, corrected transposition
of the great vessels, mitral valve prolapse,
Duschenne muscular dystrophy, Pompe’s dis-
ease and Fabry’s disease. These conditions are
usually obvious on clinical grounds. A short
PR interval is also seen in a number of elec-
trophysiological disorders including: AV
junctional rhythms, ectopic atrial rhythms
and preexcitation syndrome.

In AV junctional rhythms with retrograde
atrial activation, the retrograde P-waves may

occur before the QRS complex with a short
PR interval. In this situation, the negative P-
waves in II, III and AVF point to the correct
diagnosis. In isorhythmic AV dissociation, the
P-waves are dissociated from the QRS com-
plexes but frequently the P and QRS rates are
similar resulting in the phenomenon of accro-
chage with the P-wave marching back and
forth across the QRS complex and at times
creating the appearance of a sinus P-wave
with a short PR interval. Ectopic atrial
rhythms originating near the AV node may
have a short PR interval because atrial acti-
vation is originating from near the AV node,
however the P-wave morphology will be dif-
ferent from the sinus P.

Two subsets of the preexcitation syndrome
are associated with a short PR interval. The
Lown-Ganong-Levine syndrome (LGL) has a
short PR interval but is associated with a nor-
mal QRS complex. In our applicant, the short
PR interval, the wide QRS complexes and the
broad slur on the upstroke of the R wave tak-
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en together are characteristic ECG features
found in individuals with the commonest
form of ventricular preexcitation. The ep-
onym for these findings is the Wolff-Parkin-
son-White (WPW) pattern. This will be the
focus of our case discussion.

PATHOPHYSIOLOGY

The PR interval starts from the beginning
of the P-wave (SA node depolarization) and
includes the whole P-wave, ie, the whole of
atrial depolarization. There is then a flat seg-
ment as depolarization reaches the AV node
creating an electrical interlude. The AV node
delays conduction of the electrical impulse
long enough for the ventricles to be filled by
atrial contraction before they themselves con-
tract.

The PR interval ends as ventricular depo-
larization begins (the start of the QRS com-
plex). Thus the PR interval represents the
time it takes for the atria to depolarize and
pass its message to the ventricles. It is mea-
sured from the beginning of the P-wave to the
beginning of the QRS complex. The normal
PR interval measures 0.12 to 0.20 seconds in
duration.1 However, it is important to remem-
ber that normal PR intervals are distributed
on a bell-shaped curve so that 1%–2% of nor-
mal individuals will have a PR interval less
than 0.12 seconds.

In the normal heart, electrical impulses
originate in the sinus node located in the
right atrium and spread throughout the atrial
tissue, eventually arriving at the AV node.
Within the AV node, physiologic slowing of
the impulse occurs followed by conduction
through the bundle of His, bundle branches
and Purkinje system to the ventricular mus-
cle. Preexcitation occurs when the atrial im-
pulse activates ventricular muscle earlier than
would be expected if the impulse traveled
only by way of the normal specialized con-
duction system. This premature activation is
caused by muscular connections composed of
working muscular fibers that exist outside the
specialized conducting system and connect
the atrium and the ventricle while bypassing

AV nodal conduction delay.2 These additional
or alternative pathways are called accessory
pathways or connections. In the WPW pat-
tern, the accessory pathway is called the bun-
dle of Kent.

The ECG findings in our applicant can be
explained as follows. The PR interval is short
because the PR segment has disappeared.
The PR segment has disappeared because of
rapid AV conduction through an accessory
pathway bypassing the AV node. The so-
called preexcited QRS complex is a fusion be-
tween early ventricular activation caused by
preexcitation and later ventricular activation
resulting from transmission through the AV
node and the normal specialized conducting
system to the ventricles. The initial part of
ventricular activation is slowed, and the up-
stroke of the QRS is slurred because of slow
muscle fiber to muscle fiber conduction; this
is called a delta wave. This process is inher-
ently slower than ventricular depolarization
resulting from rapid His-Purkinje system
conduction. Thus, the net effect is earlier ini-
tial excitation of the ventricles (via the acces-
sory pathway) but slower activation of the
ventricular myocardium than occurs normal-
ly. As a result, the QRS is wider than normal.
The morphology of the resultant preexcited
QRS complex is determined, in part, by the
relative conduction velocities and refractory
periods of both limbs, and by the origin of
the supraventricular impulse, relative to the
location of the accessory pathway. Thus, the
fusion complex may show gradations of dis-
tortion, ranging from minimal to maximal
preexcitation.3

Two types of QRS patterns were originally
identified in patients with WPW syndrome:
A and B. With type A (due to a left-sided
bypass pathway), there was a tall R wave in
leads V1–V3 (ie, a positive or upward delta
wave). Whereas with type B (due to a right-
sided bypass pathway), there were QS com-
plexes in leads V1–V3 (ie, a negative or down-
ward delta wave).3 Although it was thought
that this classification might be helpful in
identifying the location of the accessory path-
way, subsequent electrophysiologic studies
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and mapping have shown that accessory
pathways may be located anywhere along the
AV ring (groove) or in the septum.2 The lo-
cation of accessory pathways in descending
order of frequency is: left free wall (50%),
posteroseptal (30%), right free wall (10%) and
anteroseptal (10%). Several algorithms are
available to help localize the accessory path-
way by analyzing the ECG.4,5 However, the
ECG appearance of activation depends upon
the extent of preexcitation and fusion. As a
result, the same pathway may not always
produce the identical ECG pattern. In ap-
proximately 10% of patients, multiple acces-
sory pathways are encountered.

The WPW pattern is only one form of pre-
excitation. Several other patterns occur de-
pending upon the anatomy of the accessory
pathway and the direction in which the im-
pulses are conducted. In one of these, the
Lown-Ganong-Levine (LGL) syndrome, the
electrophysiologic mechanism for the short
PR interval is abnormal AV node function.
Some of these patients have enhanced AV
node conduction (EAVNC), which can be
demonstrated on electrophysiologic testing.
In others, preexcitation may occur via an ac-
cessory pathway arising from within the atria
and inserting in the low portion of the AV
node or bundle of His. The net effect is a
short PR interval without a delta wave or
QRS prolongation.

It should be noted that the histopathologic
correlation and functional significance of ac-
cessory pathways in LGL has not been estab-
lished like it has been in the WPW syndrome.
Indeed, the current view of LGL is that it is
of historical interest only, having been de-
scribed before the advent of catheter-based
electrophysiologic studies (EPS). There is no
convincing evidence to suggest that LGL is a
syndrome separate from other known phe-
nomena. EPS studies have shown that the
short PR interval of LGL likely represents the
lower end of the spectrum of normal PR in-
tervals, and the tachyarrythmias are AV nodal
reentrant tachycardias.6,7

Although not illustrated in our applicant’s
ECG, the abnormal sequence of ventricular

activation often gives rise to an abnormal se-
quence of repolarization, resulting in ST-T
wave abnormalities. The direction of the ST-
T wave abnormalities is usually oriented op-
posite to the vectors of the delta wave and
QRS complex.

Because of the altered sequence of ventric-
ular activation in WPW syndrome, the ECG
may mimic other conditions and thus is oc-
casionally overlooked or misdiagnosed. This
depends on the location of the accessory
pathway and thus the configuration of the
delta wave. In some cases a wide, positive
QRS complex in V1 and V2 is noted, simulat-
ing right bundle branch block, true posterior
myocardial infarction or right ventricular hy-
pertrophy. In other cases there may be a
wide, negative QRS complex in lead V1 or V2,
similar to that seen in left bundle branch
block or left ventricular hypertrophy.

A negative delta wave as seen in our ap-
plicant’s ECG in leads III and AVF may sim-
ulate a Q wave and thus give the appearance
of a prior myocardial infarction.8 Intermittent
WPW may be mistaken for frequent ventric-
ular beats. The WPW pattern is occasionally
seen on alternate beats and may suggest ven-
tricular bigeminy.

The presence of the WPW pattern in our
applicant’s ECG, in itself, does not cause any
clinical manifestations. It is important to dis-
tinguish between the WPW pattern (ie, ECG
abnormalities in asymptomatic patients) and
the WPW syndrome. The term WPW syn-
drome is used when patients with this pat-
tern develop a variety of supraventricular
tachyarrythmias, which may lead to unpleas-
ant, disabling symptoms, and in rare instanc-
es sudden death.

In the majority of cases, the accessory path-
ways are characterized by very rapid, non-
decremental antegrade/retrograde conduc-
tion. Nondecremental means the accessory
pathway itself does not have the ability to re-
duce the number of impulses transmitted
onto the ventricles. This is in contrast to the
decremental conduction in the AV node,
which is only able to conduct a fixed number
of impulses to the ventricles per unit of time.
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Antegrade/retrograde refer to the direction
which the electrical impulse travels across the
accessory pathway.8 Occasionally, some path-
ways are only able to carry impulses in the
retrograde direction and thus are ‘‘con-
cealed’’ pathways, ie, they are ‘‘silent’’ with
normal PR interval and QRS complex, and
there is no delta wave.

The most common arrhythmia seen in
WPW patients is atrioventricular reentrant or
reciprocating tachycardia (AVRT). In the set-
ting of AVRT, activation of the ventricle oc-
curs through either the normal conduction
system and/or the accessory pathway with
return of the impulse to the atrium by the
other pathway. There are two forms of AVRT:
orthodromic and antidromic.

Orthodromic, AV reciprocating tachycardia
is a reentrant tachycardia in which the atrial
stimulus is conducted to the ventricle
through the AV node with a return of the im-
pulse to the atria through the accessory path-
way. The ECG will show a normal QRS com-
plex with a retrograde conducting P-wave af-
ter the completion of the QRS complex in the
ST segment or early in the T wave. QRS al-
ternans may be present in 30%–40% of pa-
tients during the tachycardia. This tachycar-
dia represents about 90% of AVRT cases seen
in the WPW syndrome.2,8

In approximately 10% of AVRT patients
with WPW syndrome, an antidromic (retro-
grade) reciprocating tachycardia occurs. In
this form, the reentrant circuit conducts in the
opposite direction, with antegrade conduc-
tion down the accessory pathway and return
of the impulse retrograde to the atria via the
His-Purkinje fibers, bundle branches and AV
node. With this pathway, the QRS complexes
appear wide (essentially an exaggeration of
the delta wave), and the 12-lead ECG displays
a very rapid, wide-complex tachycardia that
is nearly indistinguishable from ventricular
tachycardia.2,8

Patients with WPW syndrome can have
other types of tachycardia in which the ac-
cessory pathway is a ‘‘bystander,’’ that is un-
involved in the mechanism responsible for
the tachycardia. This can occur in patients

who develop atrial fibrillation or atrial flutter
where the arrhythmia begins in the atria un-
related to the accessory pathway. Propagation
of the arrhythmia can therefore occur over
the normal conducting system through the
AV node, bundle of His and bundle branches
or the accessory pathway. In patients with a
normal conducting system, the ventricles are
protected by the refractory period of the AV
node against a very high ventricular rate dur-
ing a rapid atrial rhythm.

Accessory pathways, however, lack the fea-
ture of decremental conduction mentioned
above; thus, the pathway can conduct atrial
beats at or above 300 beats per minute. These
patients almost always have inducible AVRT
as well, which can develop into atrial fibril-
lation. Atrial fibrillation and atrial flutter,
therefore, represent a potentially serious risk
if the accessory pathway has a short ante-
grade refractory period, which would allow
for very rapid conduction over the accessory
pathway. The rapid ventricular response can
exceed the ability of the ventricle to function
in an organized manner and can result in a
fragmented, disorganized ventricular activa-
tion and hypotension and lead to ventricular
fibrillation.9,10

DISCUSSION

The combination of a short PR interval and
slurred initial part of the QRS had been de-
scribed by several authors before publication
of the famous 1930 paper in which Louis
Wolff, Sir John Parkinson and Paul Dudley
White associated the abnormality with sup-
raventricular tachyarrythmias.11,12,13 Wolff,
Parkinson and White erroneously conjectured
that the wide QRS complex was caused by a
type of bundle branch block. The role of an
accessory pathway was first described by
Wolferth and Wood in 1933.14

The prevalence of a WPW pattern on the
surface ECG is 0.15% to 0.25% in the general
population.15,16 The prevalence is increased to
0.55% among first-degree relatives of affected
patients suggesting a familial component.
The prevalence of WPW pattern in a survey
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of 19,734 consecutive electrocardiograms ob-
tained in insurance applicants by Metropoli-
tan Life insurance Company was 0.20%.17 The
yearly incidence of newly diagnosed cases of
WPW in the general population is substan-
tially lower, at 0.004%, 50% of whom will be
asymptomatic.16

The incidence in males is slightly higher
than females. The WPW pattern on the ECG
may be intermittent and may even disappear
over time. The intermittent and/or persistent
loss of preexcitation may indicate that the ac-
cessory pathway has a relatively longer base-
line refractory period, which makes it more
susceptible to age-related degenerative
changes and variations in autonomic tone.

The prevalence of WPW syndrome, defined
as a WPW pattern on the ECG associated
with arrhythmia is substantially lower than
that of the WPW pattern alone. The reported
incidence of preexcitation syndrome depends
in large measure on the population studied
and varies from 0.1 to 3 per 1000 in appar-
ently healthy subjects, with an average of
about 1.5 per 1000.18

In a review of 22,500 healthy aviation per-
sonnel, the WPW pattern was seen on an
ECG in 0.25%, and only 1.8% had document-
ed tachyarrhythmias.19 Among supraventric-
ular arrhythmias managed in the emergency
department, WPW is encountered in 2.4% of
cases.20

WPW syndrome is found in all age groups
from fetal and neonatal periods to the elderly.
A familial form of WPW has infrequently
been reported and is usually inherited as an
autosomal dominant. In some families the
gene responsible has been identified.21,22 Most
adults with preexcitation have normal hearts,
although a variety of acquired and congenital
cardiac defects have been reported including
Ebstein’s anomaly, mitral valve prolapse and
hypertrophic cardiomyopathy. An inherited
form of WPW associated with familial hy-
pertrophic cardiomyopathy has been de-
scribed.23

The majority of patients with preexcitation
syndromes remain asymptomatic throughout
their lives. When symptoms do occur, they

are usually secondary to tachyarrhythmias.
Approximately 80% of WPW patients with
tachycardia have AVRT, 15% to 30% have atri-
al fibrillation, and 5% have atrial flutter.24 The
frequency of paroxysmal tachycardia increas-
es with age, from 10% in patients with WPW
pattern in a 20- to 39-year-old age group, to
36% in patients older than 60 years. Some
children and adults can lose their tendency
for the development of tachyarrythmias as
they grow older, possibly because of fibrotic
or other changes in the accessory pathway.

The prognosis is excellent in patients with-
out arrhythmias or structural heart disease.
For most patients with recurrent tachycardia,
the prognosis is also good. Sudden death due
to ventricular fibrillation is a rare but lethal
complication in patients with WPW syn-
drome. Natural history studies report a sud-
den death incidence ranging from 0% to 0.6%
per year.16,25

In WPW patients, the presence of a short
antegrade refractory period of the accessory
pathway is an obvious risk factor. Several
noninvasive tests have been proposed as use-
ful in stratifying patients for risk of sudden
death. Intermittent preexcitation during sinus
rhythm (which probably explains the differ-
ence in our applicant’s two electrocardio-
grams) and abrupt loss of conduction over
the accessory pathway after intravenous pro-
cainamide or ajmaline and with exercise sug-
gest that the refractory period of the acces-
sory pathway is long and that the patient is
not at risk for a rapid ventricular rate should
atrial fibrillation or flutter develop.18 These
approaches are relatively specific, but not
very sensitive, with a low positive predictive
accuracy. Exceptions to these safeguards can
occur. Hence these noninvasive tests are con-
sidered inferior to electrophysiologic testing
in the assessment of sudden cardiac death
risk and play little role in patient manage-
ment at present.

Electrophysiologic testing allows reproduc-
tion of the patient’s arrhythmia by pro-
grammed stimulation and the properties of
the arrhythmia can be characterized. In ad-
dition it is possible to map the precise ana-
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tomical location of the accessory pathway.
This led to the development of surgical cure
for WPW syndrome. In the 1980s, endocar-
dial-catheter techniques performed with the
use of radiofrequency energy emerged. These
techniques have usurped the role of pathway
ablation that previously belonged to sur-
gery.26

Asymptomatic patients who have only the
ECG abnormality, without tachyarrhythmias,
have traditionally been treated expectantly,
not requiring electrophysiological evaluation
or therapy. However, with the reporting of
rare cases of ventricular fibrillation as the first
manifestation of WPW syndrome, appropri-
ate strategy for asymptomatic patients has be-
come controversial.27,28 Some cardiac electro-
physiologists have advocated for electrophys-
iologic testing in these patients and ablative
therapy for those felt to be at high risk (ie,
those with preexcited RR intervals ,250 mil-
liseconds during spontaneous or induced
atrial fibrillation, multiple accessory path-
ways, Ebstein’s anomaly, high risk profes-
sions, professions involving risk to others,
athletes and those with a family history of
sudden death).27–29

For symptomatic patients, prophylactic
therapy is usually initiated. Long-term pro-
phylaxis with antiarrhythmic drugs can be
fraught with difficulty due to ineffectiveness
of antiarrhythmic agents and the potential
proarrhythmic properties of these medica-
tions. Thus chronic drug therapy is often lim-
ited to those with infrequent, non-life-threat-
ening and well-tolerated episodes and for
older, sedentary individuals with limited life
expectancy.

Radiofrequency catheter ablation is the
treatment of choice for patients with recur-
rent, multiple and hemodynamically signifi-
cant tachyarrhythmias, wide QRS tachycar-
dias (antidromic type) and with atrial fibril-
lation. The success rate of radiofrequency
catheter ablation in experienced centers is ap-
proximately 95%. About 10% of these pa-
tients, however, will require a second proce-
dure because of a return of accessory path-
way conduction. The recurrence rate is higher

with ablation of multiple pathways or right
or left free wall or septal accessory pathways.
Approximately one half of recurrences occur
in the first 12 hours after the procedure. Re-
current atrial fibrillation is more common
than AVRT.30

In conclusion, the presence of a short PR
interval in an applicant’s ECG may be a nor-
mal variant, or it can be related to underlying
structural heart disease. By careful analysis of
the other components of the ECG and appro-
priate use of an APS and selected tests, prop-
er assessment of the applicant’s risk can be
accomplished.
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