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The connection between 
chronic fatigue syndrome 
and neurally mediated hypotension 

A B S T R A C T 

Research from several groups of investigators 
indicates that some patients with chronic fatigue 
syndrome have abnormal vasovagal or 
vasodepressor responses to upright posture. If 
confirmed, these findings may explain some of the 
symptoms of chronic fatigue syndrome. There is also 
speculation that neurally mediated hypotension may 
be present in fibromyalgia. This article discusses the 
original research in this area, the results of follow-up 
studies, and the current approach to treating 
patients with chronic fatigue syndrome in whom 
neurally mediated hypotension is suspected. 

KEY POINTS 

The original research postulating a link between neurally 
mediated hypotension and chronic fatigue syndrome found 
that a high percentage of chronic fatigue patients had an 
abnormal response to the tilt-table test. Many of these 
patients responded to therapy. 

Subsequent studies have been unable to replicate the 
findings of the original studies. 

Use of tilt-table testing in patients with chronic fatigue 
syndrome is controversial; some physicians may wish to treat 
suspected cases of neurally mediated hypotension empirically. 

N 1995, RESEARCHERS at The Johns 
Hopkins University published two stud-

ies that postulated a relationship between neu-
rally mediated hypotension and chronic 
fatigue syndrome,1-2 generating considerable 
interest among patients and physicians alike. 

In one of those studies,2 the researchers 
found that 16 of 19 patients with chronic 
fatigue syndrome responded favorably to ther-
apy for neurally mediated hypotension. 
Although those results were promising, the 
Hopkins researchers counseled caution 
because of the study's small sample size, short 
follow-up period, and lack of randomization, 
blinding, and placebo control. 

Nonetheless, given the poor response of 
chronic fatigue patients to other therapies, 
these early results were met with great interest. 

This article reviews the initial research 
proposing a link between chronic fatigue syn-
drome and neurally mediated hypotension, 
and discusses the possible physiological mech-
anisms involved. In addition, we will review 
subsequent research that attempted to repli-
cate the Hopkins findings, and discuss a prac-
tical approach to diagnosing and treating neu-
rally mediated hypotension when it is suspect-
ed in a patient with chronic fatigue syndrome. 

• PREVALENCE AND DEFINITION 
OF CHRONIC FATIGUE SYNDROME 

Twenty-four percent of the population in the 
United States, at one time or another, experi-
ence fatigue lasting at least 2 weeks. Among 
1,000 consecutive patients examined in an 
urban primary care center, 85 (8.5%) com-
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plained of disabling fatigue lasting at least 6 
weeks without apparent cause.3 However, only 
3 of 3,066 subjects met the formal criteria for 
chronic fatigue syndrome (as defined by the 
Centers for Disease Control and Prevention) 
in a carefully controlled cohort study of ran-
domly chosen persons residing in the Pacific 
Northwest.4 

The International Fatigue Study Group5 

suggests the following criteria for chronic 
fatigue syndrome to differentiate it from sim-
ple, intermittent fatigue: 

Severe, debilitating fatigue lasting at least 
6 months; and 

Four or more of the following symptoms, 
present for at least 6 months. 

• Impaired memory or concentration 
• Sore throat 
• Tender cervical or axillary lymph 

nodes 
• Muscle pain 
• Polyarthralgias 
• New headache 
• Unrefreshing sleep 
• Postexertional malaise 
Patients with fatigue of at least 1 month's 

duration who do not satisfy the criteria for 
chronic fatigue syndrome are said to have the 
syndrome of idiopathic chronic fatigue. 

Chronic fatigue syndrome is not a new 
condition. In 1869, Beard6 described patients 
with "nervous exhaustion" whose symptoms 
closely resembled those of chronic fatigue syn-
drome. Similar constellations of symptoms 
were recognized from the 1930s through the 
1950s and given names such as Icelandic dis-
ease, Akureyri disease, royal free disease, epi-
demic vegetative neuritis, acute infectious 
myelitis, and benign myalgic encephalitis.7 

Bertrand Russell, the mathematician-philoso-
pher, recognized the syndrome and comment-
ed on possible causes in an essay on fatigue in 
1930: "The kind of fatigue that is most serious 
in the present day in advanced communities is 
nervous fatigue. This kind, oddly enough, is 
most pronounced among the well-to-do, and 
tends to be much less among wage earners 
than it is among business and brain workers."8 

The etiology and pathophysiology of 
chronic fatigue syndrome are not well under-
stood. Although immune abnormalities9 and 
subtle inflammation10 have been described, 

stress and neural hormonal dysfunction play a 
pivotal role.11 

• MECHANISM OF NEURALLY 
MEDIATED HYPOTENSION 

Neurally mediated orthostatic hypotension 
has been proposed as a cause of some of the 
symptoms of chronic fatigue syndrome, among 
other hypotheses. The cardiovascular phe-
nomena underlying this response have been 
reviewed previously.12 

Low resting blood volume or excessive 
venous pooling during upright posture results 
in diminished return of blood to the heart. 
(Venous pooling is defined as a reduction in 
blood volume in the heart and lungs, which 
results from gravity causing the blood to pool 
in the veins below the heart.) 

Reduced flow of blood back to the heart 
results in the "empty heart" phenomenon in 
the left ventricle and decreased cardiac out-
put, which trigger increased sympathetic tone 
and release of the catecholamines epinephrine 
and norepinephrine. This in turn produces 
vigorous contraction of the left ventricle. 

However, the vigorous systolic contrac-
tion of the ventricular wall around a ventricu-
lar cavity that has been reduced in size is 
thought to produce distortion and stimulation 
of C-fiber mechanoreceptors in the ventricu-
lar wall. These mechanoreceptors connect 
with afferent fibers of the vagus nerves. Their 
firing results in deactivation of the sympathet-
ic nervous system and activation of the 
parasympathetic nervous system. 

The clinical manifestation of this process 
is peripheral dilatation, termed "neurally-
mediated hypotension," sometimes culminat-
ing in syncope. When accompanied by slow-
ing of the heart rate, the syndrome is desig-
nated "vasovagal syncope." 

• TILT-TABLE TESTING 

The tilt-table test allows study of cardiovascu-
lar responses to the effect of gravity on the 
venous circulation and cardiac preload. One 
testing protocol requires the patient to be 
supine for 5 minutes and then to be tilted to 
70 degrees for 30 minutes or until an abnormal 
response occurs. 
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T A B L E 3 

N e u r a l l y - m e d i a t e d h y p o t e n s i o n 
in p a t i e n t s w i t h c h r o n i c f a t i g u e s y n d r o m e 
INVESTIGATORS YEAR NO. OF RESPONSE 

SUBJECTS VASOVAGAL VASODEPRESSOR NONE 

Bou-Holaigah et al2 1995 23 22 (96%) 0 1 (4%) 

Lapp et al13 1996 71 17 (24%) 20 (28%) 34 (48%) 

Freeman et al14 1997 20 4 (25%)* NR+ NRt 

*Vasovagal responses significantly higher than in age- and gender-matched controls 
+NR = not reported 

For patients who do not have an abnor-
mal response after 30 minutes, a challenge 
with the beta-agonist isoprenaline is often 
performed.12 Isoprenaline enhances adrener-
gic cardiac stimulation during the tilt test and 
shortens the time to precipitation of neuro-
cardiogenic syncope. With isoprenaline, nor-
mal subjects experience a 10-mm Hg reduc-
tion of systolic blood pressure and a 5-mm Hg 
increase of diastolic blood pressure. The heart 
rate generally increases by 10 to 15 beats per 
minute, and the plasma norepinephrine level 
commonly doubles. 

Abnormal responses include: 
• Vasovagal reactions: a sudden decrease 

in blood pressure or a sudden decrease in heart 
rate after an initial increase, or both. 

• Vasodepressor reactions, in which the 
blood pressure suddenly decreases and the 
heart rate increases. 

• Progressive orthostatic hypotension, 
sometimes with an increase in the heart rate. 

• Orthostatic tachycardia alone (an 
increase of > 3 0 beats per minute) 

• Autonomic insufficiency with progres-
sive orthostatic hypotension and no change in 
heart rate. 

• Chronotropic insufficiency, in which 
the blood pressure responds normally but the 
heart rate is unchanged. 

• TILT-TABLE STUDIES 
IN CHRONIC FATIGUE SYNDROME 

Rowe and colleagues at Johns Hopkins 
University1 described seven consecutive non-

syncopal adolescents with chronic postexer-
tional fatigue, who experienced significant 
hypotension during upright tilt-table testing. 
Four of these patients satisfied strict criteria 
for chronic fatigue syndrome. The same 
investigators subsequently described 23 adult 
patients with strictly defined chronic fatigue 
syndrome, 22 of whom experienced abnormal 
responses to upright tilt testing.2 Only 4 of 14 
control patients in this study experienced an 
abnormal response. The most consistent pat-
tern in these studies was the vasovagal reac-
tion.1.2 

Patients with chronic fatigue syndrome 
did not differ from control subjects in their 
mean blood pressure before the test: 119/72 
mm Hg in the chronic fatigue group, vs 
118/75 in the control group. However, at ter-
mination, the mean blood pressure had 
decreased to 65/38 mm Hg in the chronic 
fatigue group, vs 118/66 in the control group 
(P < .001). Similarly, the mean heart rate at 
baseline was 75 in the chronic fatigue group 
and 68 in the control group; at termination, 
the mean heart rate was 77 in patients with 
chronic fatigue syndrome, vs 120 in the con-
trol group.2 

Subsequent studies 
The very high frequency of neurally-mediated 
hypotension initially reported in patients with 
chronic fatigue syndrome (22 of 23 subjects)2 

has not been independently corroborated in 
subsequent studies (TABLE I ) . 1 3 . M 

A series of 71 patients who satisfied strict 
criteria for chronic fatigue syndrome, demon-

The etiology 
of chronic 
fatigue 
syndrome is 
not well 
understood 
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strated a lower frequency of abnormal respons-
es to upright tilt-table testing.13 Only 17 
(24%) of subjects demonstrated classic vaso-
vagal response. Twenty (28%) other subjects 
experienced orthostatic tachycardia consis-
tent with a vasodepressor response. In addi-
tion, a pattern of historical symptoms includ-
ing nausea, diaphoresis, pallor, headache, and 
palpitations most consistent with volume 
depletion or excessive venous pooling was 
obtained. 

In the most recent controlled series of 20 
chronic fatigue syndrome patients selected for 
symptoms such as dizziness, tachycardia, and 
nausea,14 only 4 (25%) demonstrated abnor-
mal tilt-table responses consistent with neu-
rally mediated hypotension. This low frequen-
cy of abnormal tilt-table responses is in con-
trast to the original Hopkins study.2 

Furthermore, in this series, physical decondi-
tioning was a significant predictor of abnormal 
response, suggesting that it may be a major en-
ologie factor. Alternatively, the Hopkins 
group documented that the abnormal tilt-
table response normalized with medical treat-
ment before patients began an excercise pro-
gram, which argued against deconditioning as 
a major factor responsible for the abnormal 
responses.2 

Our group at the Cleveland Clinic 
explored the mechanisms underlying the 
abnormal response to tilt testing in 40 select-
ed patients with chronic fatigue syndrome.15 

The protocol used radionuclide first-pass 
hemodynamic testing with 9 9 MTc, measure-
ment of blood volume by radioactive iodinat-
ed serum albumin scanning, and graded tilt 
testing at 15°, 30°, and 45° for 2 minutes each, 
followed by 60° tilt testing for up to 20 min-
utes. In this experience, venous pooling was a 
major mediator of progressive orthostatic 
hypotension, whereas hyperkinetic circulation 
or venous pooling were associated with ortho-
static tachycardia. 

Only 11 (28%) of the patients experi-
enced progressive orthostatic hypotension, 
but most patients experienced some abnormal 
event, including neurocardiogenic responses 
in 10 patients (25%) and postural orthostatic 
tachycardia in 17 of patients (43%). This 
experience demonstrates that abnormal 
hemodynamic patterns are heterogeneous and 

common in chronic fatigue syndrome. 

• NEURALLY MEDIATED HYPOTENSION 
AND FIBROMYALGIA 

Autonomic dysfunction has also been report-
ed in patients with fibromyalgia. In those stud-
ies, fibromyalgia patients were found to have: 

• Peripheral sympathetic dysfunction, 
characterized by increased cholinergic activity 
and decreased adrenergic activity.16 

• Decreased vasoconstrictor responses to 
the cold pressor test.17 

• Reduced heart rate response to exer-
cise.18 

• Abnormal tilt-table responses. In one 
series, seven (19%) of 37 patients with 
fibromyalgia had a positive tilt-table test, 
compared with two (9%) of 22 age-and-gen-
der-matched controls.19 In another report,20 

12 of 20 patients with fibromyalgia experi-
enced an increased heart rate and decreased 
blood pressures, vs none of 20 control 
patients. 

The mechanisms underlying sympathetic 
dysfunction in fibromyalgia are not well 
understood. Given the near-identity of 
fibromyalgia and chronic fatigue syndrome,21 

it is not surprising that some patients with 
fibromyalgia experience abnormal neurally 
mediated blood pressure responses. 

• WHAT THESE FINDINGS MEAN 
FOR TREATING CHRONIC FATIGUE 
SYNDROME 

In both chronic fatigue syndrome and 
fibromyalgia, response to treatment is often 
disappointing.22 In these disorders, treatment 
is often considered successful if it produces an 
improvement in symptom severity of 25% to 
30%. 2 3 

Therefore, the very positive treatment 
response demonstrated in the original report 
of neurally mediated hypotension in chronic 
fatigue syndrome has stimulated interest in 
tilt-table testing.2 In this study, nine (47%) of 
19 patients experienced nearly complete reso-
lution of all symptoms after 2 weeks of volume 
expansion and other antisyncopal treatments, 
and an additional seven (37%) experienced at 
least some improvement. Further, when 
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responders were rechallenged with a repeat 
test, most demonstrated normal upright 
responses, which suggested that neurally 
mediated hypotension was associated with 
fatigue symptoms.24 

In our experience and that of others, 
patients who have abnormal test results often 
give a history of syncope, light-headedness, 
diaphoresis, abdominal discomfort, blurred 
vision, and nausea associated with fatigue. 
Further, light-headedness is often exacerbated 
by physical exertion, a warm environment, a 
hot shower or prolonged standing.2 However, 
studies to verify these impressions are lacking. 

Should patients with chronic fatigue syn-
drome or fibromyalgia be referred for tilt-table 
testing? Some physicians may wish to docu-
ment abnormal neurally mediated blood pres-
sure responses by performing testing. Other 
physicians, however, may wish to treat empir-
ically those patients who have suggestive 
symptoms. Roe et al25 suggest a stepped 
approach: 

• Increased intake of fluid (2 L/day) and 
salt (up to 3 g/day). If this does not relieve the 
symptoms, then add: 

• Fludrocortisone 0.1 mg, beginning 
with 1/4 tablet per day and gradually increased 
to 1/2 tablet twice daily, plus a sustained-
release potassium supplement. If these mea-
sures still do not relieve the symptoms, then 
substitute: 

• Atenolol in an initial dose of 12.5 to 25 
mg/day, or disopyramide gradually increased to 
200 mg twice daily. 

• Fludrocortisone should be avoided in 
patients with hypertension or fluid retention. 
As with all beta-blocking agents, atenolol 
should be avoided in patients with asthma or 
congestive heart failure. 

Questions remain 
There is little doubt that a subset of patients 
with chronic fatigue syndrome and fibromyal-
gia owe some of their symptoms to neurally 
mediated hypotension, but many questions 
remain. 

• What is the frequency of neurally 
mediated hypotension among unselected pop-
ulations of patients who fulfill criteria for 
chronic fatigue syndrome and fibromyalgia? 

• What is the frequency of different pat-
terns of neurally mediated hypotension in 
these patients? 

• Are there historical symptoms which 
reliably identify subsets of patients with neu-
rally mediated hypotension among chronic 
fatigue syndrome and fibromyalgia patients? 

• Which treatments are best for each 
pattern of neurally mediated hypotension? 

• What are the causes of neurally medi-
ated hypotension? Increased circulating nor-
epinephrine and epinephrine have been 
demonstrated in patients with depression26; 
might other underlying conditions predispose 
patients with chronic fatigue syndrome and 
fibromyalgia to this phenomenon? 

As these questions are answered, a clearer 
role for tilt-table testing in chronic fatigue 
syndrome and fibromyalgia will emerge. El 
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IN MEMORIAM 

Joseph M* Cash, MD 
In February, a good friend died sud-

denly. Joe Cash liked a challenge and it 
showed in the areas of rheumatology he 
embraced. He was drawn to difficult 
areas of clinical study, where the sum of 
what we know is outweighed by what 
remains to be discovered. He was fasci-
nated by the use of biologic agents to 
treat connective tissue disease. And, of 
course, he confronted the controver-
sial, such as chronic fatigue syndrome, 
fibromyalgia, and the clinical syn-
drome associated with silicone breast 
implants. 

He had the courage to analyze exist-
ing information and take a stand. The 
buck stopped with Joe. 

Unlike so many experts in scientif-
ic fields, Joe maintained a wide range of 
interests besides his work in academic 
rheumatology: sports, politics, religion, 
jazz, finance, and literature. He was 
learned about each. Conversations with 
Joe could be hard work, were always 
entertaining and were often an educa-
tion. 

We will miss him. 
WILLIAM 5. WILKE, MD 
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