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Exercise Testing in Wolff-
Parkinson-White Syndrome*

Case Report With ECG and
Literature Review

Matthew R. Jezior, MD; Steven M. Kent, MD; and
J. Edwin Atwood, MD

ECG changes during exercise stress testing, such
as false-positive ST-segment depression and disap-
pearance of the delta wave, are reported in pa-
tients with the Wolff-Parkinson-White (WPW) pat-
tern. We present a case of exercise testing in a
53-year-old man with WPW syndrome with isch-
emic-appearing ECG changes and normal nuclear
stress perfusion study findings who was thought to
be at clinically low risk for having significant
coronary disease. A literature review is discussed.
Although ST-segment depression typical for isch-
emia occurs in half of the patients in whom WPW
syndrome is reported, exercise testing is still an
important tool in their evaluation. Data other than
ECG response can be interpreted in the context of
clinical history and physical examination findings
to stratify the risk of coronary disease. Complete
and sudden disappearance of the delta wave has
been seen during exercise in 20% of patients with
WPW syndrome and can identify those who are at
low risk for sudden arrhythmic death.
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E CG changes during exercise testing, including ST-
segment depression and loss of the delta wave, occur

in patients with Wolff-Parkinson-White (WPW) syn-
drome.1,2 Since Lamb3 first reported a case of a false-
positive exercise test result in 1959, knowledge of ECG
changes in the setting of WPW syndrome has been limited
to several studies with small numbers of patients. The
following case illustrates typical false-positive ECG
changes and the disappearance of the delta wave that are
elicited during treadmill testing in a patient with WPW
syndrome. We review the literature to determine the
frequency and clinical implications of these ECG changes,
and discuss clinical situations in which exercise testing may
be of value.

Case Report
A 53-year-old man was sent for exercise testing prior to rotator

cuff surgery. He was noted to have the WPW pattern on the ECG
during his preoperative evaluation. The patient complained of
occasional mild, atypical, nonpredictable chest discomfort. His
medical history was unremarkable with no risk factors for coro-
nary artery disease. On physical examination, he was normoten-
sive with unremarkable cardiovascular examination findings. His
baseline heart rate was 60 beats/min, and his baseline BP was
118/68 mm Hg. He exercised for 12 min and 24 s, reaching 13
metabolic equivalents with a maximum heart rate of 162 beats/
min and a BP of 154/84 mm Hg. The test was stopped because of
fatigue. He had no chest pain.

His ECG during testing demonstrated the WPW pattern at
baseline, which is consistent with a posteroseptal accessory tract.
ST segments were normal at rest (Fig 1, top left, a). An
ST-segment depression of 1 mm began at 2 min and 50 s (Fig 1,
left top middle, b), reaching a maximum of 2 mm in leads V4 to
V6 at 8 min and 50 s (Fig 1, left bottom middle, c). The delta wave
suddenly and completely disappeared, and the PR interval
lengthened at 9 min and 15 s (Fig 1, left bottom, d) at a heart rate
of 151 beats/min with immediate normalization of ST segments
extending through maximum exercise (Fig 1, right top, e). In
recovery, ST segments remained normal until a heart rate of 90
beats/min occurred, at which time the delta wave reappeared
with a recurrence of 1-mm ST-segment depressions (Fig 1, right
top middle, f, and right bottom middle, g). At 5 min into recovery,
the ECG had returned to baseline (Fig 1, right bottom, h),
demonstrating resolution of the ST-segment depression with the
normalization of the depolarization abnormality.

A nuclear exercise perfusion study was subsequently per-
formed. The same ECG changes were demonstrated. Myocardial
perfusion imaging was normal with no evidence of infarction or
ischemia. Given his atypical symptoms, lack of risk factors,
excellent exercise capacity without ischemic symptoms during
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exercise testing, and normal nuclear perfusion imaging findings,
the patient was thought to be at low risk for having significant
coronary artery disease. As concluded in several reports1,2,4

describing otherwise low-risk patients with exercise-induced ST
changes in the setting of WPW syndrome, our patient was
thought to have had a false-positive exercise test result. He
completed noncardiac surgery without complication.

Discussion
WPW is a conduction disturbance in which atrial

impulses are transmitted to the ventricle by an accessory
pathway in addition to normal atrioventricular conduction.
The result of these multiple fronts of depolarization is the
delta wave, as well as a short PR interval and a widened
QRS complex.5 During exercise, increases in sympathetic
tone and vagolysis, and subsequent changes in the auto-
maticity of conductive tissues may result in several ECG
changes. ST-segment depression typical for ischemia has
been reported.1,2 Accordingly, the current guidelines clas-
sify exercise testing in patients with WPW syndrome as a
IIb indication (ie, usefulness/efficacy is less well estab-
lished by evidence/opinion).6

ST-Segment Changes

The ischemic-appearing ST segment has been reported
during exercise with depressions of up to 8 mm having

been described.2 We identified 176 patients who under-
went exercise testing in eight studies1,2,4,7–11 as having
preexcitation, with ischemic-appearing changes occurring
in 86 patients (49%) [Table 1]. Although the majority of
these patients did not undergo angiography, most were
thought to be at low clinical risk for significant coronary
artery disease. Therefore, these ST changes were thought
to be false-positive results.2

In the case of a complete block of the accessory pathway
resulting in the disappearance of the delta wave, the ST
segments typically normalize, representing ventricular ac-
tivation and repolarization via the His-Purkinje system
alone. However, the ischemic-appearing ST segments may
persist despite disappearance of the delta wave. In a
population thought to be experiencing false-positive exer-
cise tests, Poyatos et al2 demonstrated the normalization of
ST segments on the ECGs of 20 of 28 patients whose delta
waves had disappeared, with 8 patients continuing to
display ST-segment depression on their ECGs. A pro-
posed mechanism for this phenomenon is the concept of
“cardiac memory” with persistence of abnormal repolar-
ization, as can be seen with the cessation of pacing or the
resolution of a bundle branch block.12

To improve diagnostic accuracy, nuclear perfusion im-
aging has been evaluated. However, several studies2,7–10

Figure 1. Exercise test ECGs. bpm � beats per minute.
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