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We report the prevalence of abnormal oscillating T -waves at Holter monitoring in a
consecutive case series of 67 chronic fatigue syndrome (CFS) patients from an
infectious diseases center in Birmingham, Michigan, in the years 1991-1993, and
compare these abnormal T -waves to similar tests in 78 non-CFS patients matched for
age, place, time, and the absence of known other confounding medical diseases.
Patients in both groups had normal resting 12-lead electrocardiograms (ECGs),
rest/stress myocardial perfusion studies (thallium 201 or TC-99 sestamibi studies and
two-dimensional echocardiograms (except for the incidental findings of mitral valve
prolapse without significant regurgitation or, an incidental nonsignificant aortic
stenosis). The prevalence of labile T -wave abnormalities by Holter monitoring was
greater in CFS patients than in non-CFS patients (P <.01). Repetitive T -wave flatten-
ing was a sensitive indicator of the presence of CFS. The absence of these abnormal
T -waves made the diagnosis of CFS unlikely (statistical sensitivity, 0.96). The com-
bination (e.g., the presence of both oscillating T -wave flattenings plus T -wave
inversions) was an accurate indicator of the possible presence of CFS. Right ventric-
ular endomyocardial biopsies in CFS patients showed a single patient with a lym-
phocytic myocarditis. Light and electron microscopic cardiomyopathic changes
were present in the others.

lliE T-WAVE OF lliE STANDARD scalar 12-lead elec- verted T-waves at ECG may be seen in hypertensive
trocardiogram (ECG) describes ventricular repolariza- vascular disease [3], hyperthyroidism with an increased
tion of the left ventricle [1]. When a coronary artery of serum ferritin [4], high theophylline [5] or calcium [6]
the canine heart is progressively clamped, producing levels, or a low serum potassium level [7]. Cardiotropic
increasing degrees of ischemia along with rising con- medicines, including digitalis [7], as well as the upright
centrations of lactic acid within the affected myocar- posture (in about 5% of normal individuals), may be
dium, T -waves first flatten, and then the T -waves invert associated with abnormal inverted T -waves [8]. In-
and become increasingly negative, as viable cardiac verted T -waves have been associated with mitral valve
tissue is threatened with necrosis [2]. Abnormal in- prolapse, but a causal relationship has not b~en estab-

lished [9]. If there is no significant mitral regurgitation,
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dias, and the abnormal T -waves typically then resolved were concurrently seen, and from a cardiology practice
with reappearance of normal sinus rhythms [13]. De- from the same community. Non-CFS patients were <50
spite an absence of any known associated diseases in years old and did not have hypertension, diabetes mel-
CFS patients, every CFS patient, but only 22.4% of the litus, coronary artery or primary myocardial diseases, or
non-CFS patients, showed abnormal oscillating T -wave hypercholesterolemia. The 78 non-CFS patients sought
flattenings or inversions at Holter monitoring.(P <.01) cardiologic consultations for complaints of palpitations,
[13]. In this earlier study, both the CFS and non-CFS chest pain, or syncope. CFS and non-CFS patients were
patients were consecutive case series seen in Birming- >95% Caucasian.
ham, Michigan, during the years 1982-1990. Recently, Values for sodium, potassium, calcium, and magne-
Rowe and colleagues [14] reported abnormal tilt-table sium were normal in both CFS and non-CFS patients.
testing in a high proportion of CFS patients. They sus- Known cardiac diseases in CFS and non-CFS patients
pected an abnormal neural reflex or another unknown were excluded by standard resting 12-lead ECG, two-
cause for their findings. dimensional (2-D) echocardiographic study (other than

Twenty-four percent of 87 nonselected CFS patients mitral valve prolapse and insignificant aortic stenosis),
from a recent consecutive case series exhibited left and exercise stress thallium-20/petfusion scintigraphy.
ventricular dysfunction, by stress radioisotopic multiple All of these tests/studies were normal in both groups.
gated acquisition (blood pool image) (MUGA) method Ultimate diagnoses in the non-CFS patients were: no
[15,16 Lerner AM, Sayyed T, Dworkin H], et al. Abnor- cardiac disease (590/0), mitral valve prolapse (35%), and
mal left ventricular myocardial dynamics in patients mild hemodynamically insignificant aortic stenosis at
with the chronic fatigue syndrome in Birmingham, 2-D echocardiogram (6%).
Michigan, 1987-1994 (submitted for publication)]. Ab- Abnormal T-wave oscillations (T-wave flattenings or
normal cardiac wall motion at rest and stress, dilatation T . .
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Biphasic T -waves were arbitrarily considered to be
normal. U-waves did not interfere with these analyses.

Methods Two cardiologists unaware of the position of the pa-

u l " Th67 CFS . . tient in this study reviewed the Holter tracings.",,0 ter monttortng. e patients were seen In
the Birmingham, Michigan, infectious diseases referral Statistical methods. Differences in gender and in mitral
center during the years 1991-1993. Patients were diag- valve prolapse between CFS and non-CFS patients
nosed with CFS using the CDC case definition [11,12]. were determined by K analysis. Analyses of the two
Mitral valve prolapse was not an exclusion criterion in Holter readers were compared. Only patients for whom
either the CFS or non-CFS groups. Patients selected for both readers' findings were concordant for the pres-
the Holter monitoring study were :550 years old and ence and type, or absence of T -wave abnormalities,
had no known coronary artery or primary myocardial were included in the analysis. To determine if there
diseases, diabetes mellitus, hypertension (blood pres- were significant differences in the prevalence of T-
sure :5140/90 mmHg), or hypercholesterolemia (total wave inversions and T-wave flattenings in CFS and
cholesterol :5250 mg). Both CFS patients and non-CFS non-CFS patients, K analysis was used. The sensitivity

patients were selected so that they received no cardiac and specifidty of T -wave inversions and T -wave flat-
medicines, diuretics, or antidepressants. The excluded tenings in the diagnosis of CFS were calculated. Sensi-
diseases or medicines are known to be associated with tivity was defined as the percentage of patients with
ab!!o!"!!!~l T-w~v~~ [2,3.4-7], Th~ 78 non-CFS patients CFS who met rriteri:J for :Jhnnrm'!l Hnlter mnrntnrinn




