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Abstract The chronic fatigue syndrome (CFS) has beerfP < 0.05), mean blood pressure and total peripheral resis-
shown to be associated with orthostatic intolerance and caence index (n.s.) than controls. Our results indicate that
diovascular dysregulation. Wavestigated the cardiovas- adolescents with CFS have increased sympathetic activity
cular responses to combined orthostatic stress and isometsicrest with exaggerated cardiovascular response to ortho-
exercise in adolescents wi@FS. We included a consecu- static stress, but attenuated cardiovascular response when
tive sample of 15 adolescents 12-18 years old with CFferforming isometric exercise during orthostatic stress.
diagnosed according to a thorough and standardized setTiis suggests that CFS might be causally related to sympa-
investigations, and a volunteer sample of 56 healthy contrdthetic dysfunction.

subjects of equal sex and age distribution. Heart rate, sys-

tolic, mean and diastolic blood pressure, stroke index, artleywords Sympathetic nervous system - Adolescents -
total peripheral resistance index were non-invasivelfChronic fatigue syndrome - Hemodynamics -

recorded during lower body negative pressure (LBNPLatecholamines

combined with two consecutive periods of handgrip. In

addition, we measured baseline plasma catecholamines,

and recorded symptoms. At rest, CFS patients had highkrtroduction

heart rate, diastolic blood pressure, plasma norepinephrine

(P <0.01), mean blood pressure and plasma epinephrifiéghe chronic fatigue syndror{€FS) is a disabling disease,

(P < 0.05) than controls. During LBNP, CFS patients had anainly a/ecting adolescents and young adults (Prins et al.
greater increase in heart rate, diastolic blood pressure, me2@06. The etiology is unknown, but recent evidence sug-
blood pressureR < 0.05) and total peripheral resistancegests that cardiovascular dysregulation may play an impor-
index (n.s.) than controls. During handgrip, CFS patienttant role. Various forms of orthostatic intolerance have
had a smaller increase in heart rate, diastolic blood pressureen demonstrated both in adult (Bou-Holaigah et995
Peckerman et aR0033 and pediatric (Rowe et al.995
Stewart et al1999 Wyller et al.20073 patients, as well as
abnormalities in cerebral (Tanaka et @002, muscle
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adjustments during orthostatic stress (Stevens and Lamb
1965). Indirectly, the test also yields information on the
underlying neural reflex loops originating from cardiopul-
monary and arterial baroreceptors. Compared to other tests
of orthostasis, LBNP has the advantage of being more
accurate because the subjects do not move and the effect of
the muscle venous pump is eliminated. As far as we know,
this technique has not been previously used in a CFS study.

Handgrip is a common test for studies of cardiovascular
adjustments during isometric exercise (Goodwin etal.
1972). During handgrip, the cardiovascular adjustments are
mainly due to a “central command” in the brain causing a
gradual increase in the set point of the barostat, thereby
enhancing sympathetic neural activity. Thus, handgrip is
quite different from LBNP in terms of autonomic neural
activity, and should therefore yield additional insight into
the pathophysiology of CFS.

Sophisticated experimental methods often have the dis-
advantage of being far from patients’ real life experiences,
thereby reducing their validity. In CFS patients, both
fatigue and other symptoms are worsened by ordinary daily
activities like dressing, housework etc (Prins et al. 2006;
Fukuda et al. 1994). These activities involve upright pos-
ture in combination with both isometric and dynamic mus-
cular work of varying intensity. In an attempt to mimic
partly the physical stressors of real life, we decided to study
the cardiovascular adjustments to LBNP (orthostatic stress)
and handgrip (isometric exercise) in combination, thus
exploring whether autonomic dysfunction could be directly
linked to patients’ complaints. To our knowledge, such a
combined approach has never been applied to the study of
CFS pathophysiology.

Materials and methods
Subjects

CFS patients 12-18 years old were consecutively recruited
from the outpatient clinic at the Department of Pediatrics,
Rikshospitalet-Radiumhospitalet Medical Centre, Oslo,
Norway, serving as a national referral center for children
and adolescents with unexplained chronic fatigue. Other
disease states that might explain their present symptoms,
such as autoimmune, endocrine, neurologic or psychiatric
disorders, were ruled out by a thorough and standardized
set of investigations. Different case definitions of CFS exist.
This study used a slight modification of the definition from
the Centers for Disease Control and Prevention (CDC), in
which the main criterion are at least 6 months of chronic or
relapsing fatigue, severely affecting daily activities (Fukuda
et al. 1994). In addition, according to the CDC-definition,
patients should report at least four of eight specific accom-

@ Springer

panying symptoms. However, the validity of this last
demand has been questioned (Cho et al. 2006), particularly
in the pediatric population (Franklin 1998), and accompa-
nying symptoms were not required in this study.

Healthy controls 12-18 years volunteered from local
schools. In order to increase the statistical power, we
strived towards a 1:4 relation between patients and controls.
Through our communication with the responsible teachers,
we established a recruiting process that assured an equal
distribution of age and sex among the two groups. Subjects
having a chronic disease (such as allergy) or using drugs
(including contraceptive pills) on a regular basis were
excluded.

One week prior to the experiments, all participants were
instructed not to drink beverages containing alcohol or
caffeine, not to take any drugs, and not to use tobacco prod-
ucts. On the day of the experiments, they were supposed to
have fasted overnight.

Written, informed consent was obtained from all partici-
pants and their parents. The study was approved by the
Regional committee for ethics in medical research.

Questionnaire

Items from the Autonomic Symptom Profile, a validated
instrument for assessing orthostatic intolerance and other
variants of autonomic dysfunction (Suarez et al. 1999), was
translated into Norwegian by one of the authors (VBW) and
slightly modified in order to fit our particular age group.
Five items were combined to produce an ordinal scale
(range 0-5) for grading of orthostatic symptom severity.
Based on personal clinical experience with CFS-patients,
we added questions focusing on functional consequences of
this disease. The subjects answered by interview.

Catecholamines

Experiments started at 8 a.m. The subjects were supposed to
have applied an ointment containing the local anesthetic lido-
caine (Emla®) on the skin in the elbows 1 h in advance. They
rested supine for about 15 min, whereupon a catheter was
placed in an antecubital vein. After supine rest for another
15 min, plasma samples were collected on ice cold gluth-
ation-EGTA tubes. Catecholamine concentrations were
assayed by high performance liquid chromatography (HPLC)
with a reverse phase column and glassy carbon electrochemi-
cal detector (Agilent Technologies, CO, USA), using a com-
mercial kit (Chromsystems, Munchen, Germany).

Lower body negative pressure with handgrip

Experiments started at 11 a.m. The participants had been
offered a light meal (1-2 pieces of bread, 1 glass of juice)
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