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ABSTRACT: Background: In patients with acute ortho-
static hypotension, there is excessive pooling of blood in
the legs, which may result from the strikingly subnormal
compliance that is demonstrable in the pedal veins
during norepinephrine infusion. The common occur-
rence of delayed orthostatic hypotension and/or tachy-
cardia in the chronic fatigue syndrome (CFS) led to the
present studies of foot vein compliance in CFS patients
with a linear variable differential transformer. Methods:
Seven patients with CFS were compared with 7 age- and
gender matched healthy control subjects in their blood
pressure, heart-rate, and plasma norepinephrine re-
sponses to prolonged standing and in measurements of
their foot vein contractile responses to intravenous nor-
epinephrine infusions with the linear variable differen-
tial transformer. Results: Excessive, delayed (usually af-
ter 10 min) orthostatic reductions in systolic and
diastolic blood pressure (P < 0.01) and inconsistently
excessive increases in heart rate were found in the CFS

Delayed active orthostatic hypotension and/or
tachycardia, usually obvious only after at least 10
minutes of standing, are sometimes associated with
severe fatigue! and may be involved in the pathogen-
esis of the chronic fatigue syndrome (CFS).2 Similarly,
head-up tilting frequently induces passive orthostatic
hypotension, initially associated with tachycardia, in
patients with the CFS.3-8 In healthy subjects, the
upright posture is associated with translocation of
about 800 mL of blood from the thorax to the lower
body.® When such gravitational pooling of blood in the
lower limbs is excessive, therefore, it might be ex-
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patients, in whom venous compliance in response to
infused norepinephrine was significantly reduced (P <
0.05). Conclusions: In these patients with CFS, delayed
orthostatic hypotension was clearly demonstrable, and,
as in previously reported patients with orthostatic hypo-
tension of acute onset, this was associated with reduced
pedal vein compliance during norepinephrine infusion,
implying impaired sympathetic innervation of foot veins.
The rapid symptomatic improvement demonstrated in
previous studies of CFS patients during correction of
orthostatic venous pooling by inflation of military anti-
shock trousers (MAST) to 35 mm Hg may suggest that
excessive lower body venous pooling, perhaps by re-
ducing cerebral perfusion, is involved in the orthostatic
component of fatigue in these patients. KEY INDEXING
TERMS: Chronic fatigue syndrome (CFS); Venous tone;
Pedal venous compliance; Pedal venous contractility.
[Am ] Med Sci 2001;321(3):163-167.]

pected to result in orthostatic hypotension. This has
been shown to be the case in many patients by succes-
sive measurements in the standing posture of y-irra-
diation emanating from the legs of patients after
99mTe.labeling and reinjection of autologous erythro-
cytes.10:11 The postulated role of excessive orthostatic
blood pooling in lower body veins as an important
mechanism involved in the pathogenesis of orthostatic
hypotension of all types has been strongly supported
by the repeated demonstration that prevention of such
venous pooling by external lower-body compression at
45 mm Hg with military antishock trousers (ie, a
MAST suit; David Clark Co, Worcester, MA) restores
the excessive orthostatic changes in blood pressure
and heart rate into the normal range of these chang-
€s.25:10.11 In patients with CFS, MAST suit compres-
sion not only corrects the orthostatic hypotension and
tachycardia but also seems to rapidly reduce ortho-
static fatigue and other symptoms, perhaps even cog-
nitive dysfunction, in some of these patients.2

A large increase in the sensitivity of contractile
responsiveness to norepinephrine infused into veins
of the feet compared with that of veins on the dor-
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sum of the hand in the same persons has been found
in patients with orthostatic hypotension but not in
healthy subjects.12

Because these findings are very common in pa-
tients with hyperadrenergic orthostatic hypoten-
sion® not always associated with fatigue, the con-
tractile responses of foot veins have been measured
in the present study of 7 patients with the CFS and
are here reported.

Methods
Subjects

Seven patients whose symptoms satisfied the diagnostic crite-
ria for the CFS were included:!3 5 women and 2 men, aged 21 to
51 (mean age, 31) years. It should be mentioned that none of them
complained of sore throat, tender lymph nodes, unrefreshing
sleep, or multiple joint pains before or during our studies. How-
ever, severe and usually incapacitating fatigue had been present
for more than 6 months, usually with fibromyalgic pains, postex-
ercise malaise, impaired memory and concentration, as well as
cognitive damage. Some degree of depression was present, not
surprisingly, but no patient had been treated with antidepres-
sants for at least a month before our studies. The findings have
been compared with those in 7 healthy volunteers; 5 women and
2 men, aged 20 to 35 (mean age, 27) years. History and physical
examination revealed no evidence of excessive fluid losses, dehy-
dration, or other recognizable, potential causes of orthostatic
disorders in the patients or the control subjects.

Routine Laboratory Screening Procedures

Including blood count, concentration of serum electrolytes and
creatinine, and other measurements included in a 24-component
multiphasic examination, routine laboratory tests revealed only
mildly subnormal hematocrits (0.32—0.37) in 4 of the female
patients.

Blood Pressure Study

During recumbency for 30 min, and while standing for 10 to 30
minutes or until presyncopal symptoms occurred, blood pressure
(BP) and heart rate (HR) were measured every minute with a
Dinamap (Critikon Co., Tampa, FL).

Plasma Norepinephrine Concentrations

Heparinized blood samples (5- to 10-mL) were drawn through a
cannula previously placed in a forearm vein before the beginning
of the BP measurements and drawn after recumbency for 30
minutes and again after standing for 10 min. The blood samples
were immediately placed on ice, and plasma was separated in a
refrigerated centrifuge and frozen for norepinephrine determina-
tions by high-performance liquid chromatography within 2
weeks.

Norepinephrine Infusion Studies

Between 8:30 AM and 11:30 AM, a 25-gauge “butterfly” needle
was inserted into a vein on the anterior surface of 1 foot or ankle
and kept patent with 0.9% saline. Venous contractile responses
were measured with a linear variable differential transformer
(LVDT) as described elsewhere!415 during the intermittent infu-
sion at a constant rate (0.1 mI/min) into this vein of a 5%
dextrose/0.9% saline solution alone, followed by increasing con-
centrations of norepinephrine, which had been added to the
vehicle immediately before the infusions.

The infused limb was supported during the infusions on an
inclining surface to empty the vein, which was intermittently
distended by inflation to 45 mm Hg of a sphygmomanometer cuff
above the ankle. Distension of the vein resulted in upward dis-
placement of the light, central core of the LVDT, which had been
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positioned on the skin overlying the infused vein. The magnitude
of this displacement, recorded as an upward stroke of the tracing
on the recorder, was calibrated so that a 0.1-inch upward deflec-
tion of the record resulted from a 0.01-mm increase in diameter of
the infused vein. Each rate of norepinephrine infusion continued
for 5 minutes before and during the 2-minute cuff inflations, and
responses to each successive rate of norepinephrine infusion were
recorded at least twice. The studies were performed with the
patients recumbent in a quiet, single room at a temperature of 22
to 23°C.

Calculation of Responses

Blood Pressure and Heart Rate Measurements. BP and
HR were averaged in each subject during successive 10-minute
periods in the recumbent and standing postures. The mean val-
ues during the third 10-minute period in recumbency were com-
pared with the mean in each of the 10-minute periods of standing
or, when the BP fell rapidly as presyncopal signs developed, with
the final orthostatic readings.

Changes in Venous Distensibility. Changes in venous dis-
tensibility, reflecting changes in venous compliance in response
to successively increasing rates of norepinephrine infusion, were
expressed as the percentage reduction of the venous diameter by
the infusions during distension of the vein at 45 mm Hg. The
regression of the successive changes in venous diameter, at each
rate of norepinephrine infusion (expressed logarithmically), was
computed from the data on each person and used to calculate the
rate of norepinephrine infusion that would be expected to induce
50 and 80% reductions in venous diameter (EDy, and EDgg) in
each subject.

Statistical Analysis

Student ¢ test and both 95 and 99% confidence intervalsi® of the
orthostatic changes in BP, HR, and norepinephrine-induced ED5,
were measured in the control subjects and the patients with CFS.
Significance was attributed to P values < 0.05.

Results

Blood Pressure and Heart Rate Changes. The
mean results of the BP and HR measurements in the
healthy subjects and the patients with CFS during
the last 10 minutes in recumbency and the succes-
sive 10-minute periods of standing are shown in
Table 1. The table also indicates the changes from
the recumbent to the final orthostatic measure-
ments made at 60 minutes in the control subjects
and during the last 10 minutes of orthostasis or at
presyncope when this occurred in the patients.

The 99% confidence intervals of the orthostatic
changes in systolic and diastolic BP in control sub-
jects and patients did not overlap (P < 0.01) but the
orthostatic changes in HR were not significantly
different in the 2 groups of subjects.

Plasma norepinephrine concentrations were 242
+ 30 pg/mL (mean +* SEM) after recumbency for 30
minutes and 565 * 44 pg/mL after standing for 10
minutes in the CFS patients, and 221 *= 18 pg/mL
(not significant) after recumbency and 408 = 25
pg/mL after standing (P < 0.02) in the healthy
control subjects.

Venous Contractile Responses to Infused
Norepinephrine. In 1 of the patients (patient 6 in
Table 1), the contractile responses to norepinephrine
were compared in a hand vein and a foot vein. This
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Table 1. Orthostatic BP and HR Changes in Healthy Control Subjects and CFS Patients

Blood Pressures in Healthy Subjects

Blood Pressures in CF'S Patients

Standing Final Final Standing
Orthostatic Orthostatic

Pt Lying 1-10" 11-20" 21-30" 31-40’ ASBP/ADBP P ASBP/ADBP  Lying 1-10" 11-20" 21-30" 31-40’
1 114/68 108/75 116/78 118/77 113/75 —1/+7 —56 /—18 138/86 126/82 82/68
2 149/71 134/82 149/73 151/78 147/72 -2 /+1 -33/-8 119/65 102/52 86/57
3 135/87 131/96 137/80 136/91 136/97 +1/+10 —-15/-6 101/64 102/60 101/60 95/60 86/58
4 104/60 112/57 111/62 109/72 +5/+12 —22/-12 115/81 109/84 108/75 103/72 93/69
5 128/77 117/79 122/74 110/73 122/71 —6 /-6 —-35/-16 134/73 99/57
6 116/59 137/67 141/73 135/68 137/64 +21/+5 —-24/-10 126/90 106/82 110/86 102/80
7 121/63 120/80 135/82 134/80 123/69 +2 /+6 —-31/-8 140/76 116/94 109/68
Mean 124/69 123/77 130/75 129/77 128/74 +8.9 /+5.0 -30.9/-11.1 125/76 109/73 99/69 100/71 90/64
SEM 6.0/4.0 6.5/4.9 5.6/2.6 6.8/3.0 6.7/5.33.6 /2.4 5.4/1.8 5.7/4.1 3.9/6.6 5.5/4.7 3.1/7.2 3.5/5.6

99% Cls of —4.4 to +22.2 <0.01 —10.9 to —50.9/
ASBP/ADBP /—3.9 to +13.9 <0.01 —4.4to —17.8

Heart Rates in Healthy Subjects Final Orthostatic AHR P Final OrthostaticAHR Heart Rates in CFS Patients
1 69 95 90 85 90 +21 +92 68 156 160
2 63 65 65 72 +9 +20 63 81 83
3 95 111 107 100 100 +5 +7 58 63 64 65 65
4 75 80 82 +7 +32 64 87 99 98 96
5 65 64 65 78 78 +13 +22 82 104
6 73 81 90 80 75 +2 +12 108 120 120
7 73 86 89 82 84 +11 +50 67 89 101 117
Mean 73.3 846 84.0 81.7 832 +9.7 +33.6 72.9 100 102.5 93.3 80.5
SEM 4.2 7.0 6.0 5.1 4.7 2.5 12.0 7.0 124 150 18.8 15.7
95% Cls of AHR +3.7 to +16.0 NS +2.6 to +64.4

Pt, Patient; ASBP, change in systolic BP; ADBP, change in diastolic BP; AHR, change in heart rate.

revealed an entirely normal response of the dorsal
hand vein and a strikingly increased response in her
foot vein, reflected by EDj5, values of 12.5 ng/min in
the hand vein and 0.47 ng/min in the foot vein, a
27-fold increase in sensitivity to norepinephrine in
the foot vein (Figure 1)

The dose-related reductions in venous compli-
ances induced by logarithmically increasing rates of
norepinephrine infusion in the patients with CFS
are compared in Figure 2, with the individual re-
sults and the 95% confidence limits of these relation-
ships in the 7 control subjects. It is evident that
there was a clear increase in the sensitivity of the
venous contractile responses to norepinephrine in 6
of the 7 patients (numbered in the figure) compared
with the responses of the healthy subjects. The dif-
ferences in the reductions in venous compliance in
the 2 groups induced by NE infusion were signifi-
cant at the 1 ng/min (P < 0.05) and 4 ng/min (P <
0.01) infusion rates.

Calculation of the EDy, and EDg, of the venous
responses to norepinephrine (Figure 3) revealed a
significant increase in contractile sensitivity to nor-
epinephrine in the patients compared with the 7
healthy subjects (P < 0.05) and with a larger group
of healthy control subjects studied previously (P <
0.001; not shown).
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Discussion

The occurrence of a significantly excessive, ortho-
static fall in systolic and diastolic BP and at least an

CHANGES IN VENOUS DISTENSIBILITY DURING NOREPINEPHRINE INFUSION

HAND VEIN FOOT VEIN

b b 9 VENOUS
A DISTENSIRILITY
(om x 1077 N

NOREPINEPHRINE
0 < INFUSION RATES—-0
(ng / min )

Figure 1. LVDT record of the effects in a patient (#6) of increas-
ing rates of norepinephrine (NE) infusion on distensibility of
hand and foot vein during each 1 minute inflation of a sphygmo-
manometer cuff on the leg to 45 mm Hg. It is evident that the
venoconstriction induced by increasing rates of NE infusion re-
sulted in steadily reduced venous distensibility and that disten-
sibility of 0.06 mm occurred at a NE infusion rate of 16 ng/min in
the hand vein while approximately similar distensibility (0.05
mm) occurred when NE was infused at 0.7 ng/min into the foot
vein.
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EFFECTS OF NOREPINEPHRINE INFUSION AT INCREASING RATES ON COMPLIANCE
OF FOOT VEINS IN CFS PATIENTS (l) AND NORMAL CONTROLS (@)
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Figure 2. Effects of norepinephrine (NE) infusions at increasing
rates on compliance of foot veins in CFS patients (H) and control
subjects (@). The percentage reductions in venous compliance
induced by NE infused at 4 ng/min exceed the 95% confidence
limits and, in all but patient 3, the individual reductions in the
control subjects. The responses to NE infusion are significantly
increased in the CF'S patients compared with the controls both at
NE infusion rates of 1 (P < 0.05) and 4 (P < 0.01) ng/min.

initially excessive orthostatic rise in HR has been
observed in all but 1 of the reports we can find of
studies in which these measurements were contin-
ued for more than 10 minutes in groups of patients
with the CFS.2-5.11.12.17 The 1 exception that I know
of18 has been challenged.’® When several orthostatic
measurements of BP and HR before syncope or pr-
esyncope have been reported,?2 the gradually pro-

100 ~

EDgp=0.64 ng/min EDgg =57 ng/min.

ED5=0.47 ng/min. EDjgq =12.5 ng/min.

PERCENTAGE REDUCTION IN VENOUS DISTENSIBILITY

0 T T T T
0.1 1 0 100 250

RATE OF NOREPINEPHRINE INFUSION, ng/min.

Figure 3. Comparison of the mean percentage reductions in
venous compliance of foot veins induced by norepinephrine infu-
sions in patients with chronic fatigue syndrome (®) and healthy
control subjects (M). The ED;, and EDg, of the changes in venous
compliance of the foot veins of the patients were significantly
greater (P < 0.05) than these values in the healthy subjects.
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gressive fall in BP and rise in HR during continued
orthostasis, found in the present measurements,
have also been observed. A sudden, terminal fall in
HR, which was measured only once every minute in
the patients described herein, was not seen in these
patients at presyncope; in the continuous, beat-to-
beat measurements of HR reported by Bou-Holaigah
et al4, however, this presumably vagally-induced
bradycardia occurred in all of the patients whose
head-up tilt resulted in syncope and in 6 of the 9
patients who experienced presyncope.

The plasma norepinephrine concentrations in the
CFS patients were normal in recumbency, and their
significant elevation after orthostasis for 10 minutes
is consistent with the initial orthostatic tachycardia
in indicating that the orthostatic hypotension was
hyperadrenergic in these patients.

Pooling of blood in the legs during standing has
been shown to be excessive in various types of or-
thostatic hypotension.11 and is probably an impor-
tant component of the pathogenesis of orthostatic
hypotension and tachycardia. Its prevention by ex-
ternal compression at 45 mm Hg virtually invari-
ably restores excessive orthostatic BP and HR
changes into the normal ranges.-25.19 That these
changes in BP and HR are progressive in patients
with CFS and rapidly correctable with the MAST
suit probably imply, therefore, that there is gradu-
ally increasing sequestration of blood in the lower
body during orthostasis in patients with CFS.

The present results have shown that in 6 of the 7
patients with CFS whom we studied, there was
strikingly increased venous contractile sensitivity to
infused norepinephrine. If the increased sensitivity
is measured by calculation of the EDj, of norepi-
nephrine infusion rate, the mean change in this
measurement in the foot veins of our 7 patients may
be calculated to be an 11-fold increase compared
with measurements in a large group of healthy sub-
jects. On the other hand, it is evident from Figure 1
that there was a greater contractile effect of norepi-
nephrine infused at 0.7 ng/min on the foot vein of 1
of our patients than the effect of the infusion at 250
ng/min into the dorsal hand vein of the same subject:
a > 350-fold increase in sensitivity. Such differences
are severely pathological judging from the only pre-
vious comparison of hand- and foot-vein responsive-
ness to norepinephrine reported in healthy sub-
jects,'2 which recorded no significant difference.

Persistent reduction in the concentration of a li-
gand commonly induces up-regulation of its recep-
tors in responsive tissues, as has been shown in the
regulation of human vascular «-adrenoceptors.2°
Perhaps it is reasonable to postulate, therefore, sub-
ject to future confirmation or refutation, that a com-
mon primary mechanism of the CFS and other disor-
ders, when associated with orthostatic hypotension,
may be impairment of the normal orthostatic increase
in norepinephrine release at the terminals of the sym-
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pathetic nerves innervating leg veins, with consequent
up-regulation of a-adrenoceptors in these veins and
perhaps at other venous sites in the lower body of
human subjects. Regrettably, we can find no reports in
the literature on the anatomical and functional integ-
rity of the foot vein innervation in abnormal human
subjects. The long-known inability of many verte-
brates to tolerate a head-up/feet-down posture because
of profound hypotension in this posture2! probably
implies that only human subjects or apes could be used
to provide direct confirmation of the conclusions drawn
from the venous contractile responses to orthostasis
reported herein.

Subject to this proviso, I would suggest that the
large variety of disorders that might cause the CFS
include (1) reduced orthostatic contractility or tone
in the veins (idiopathic, diabetic, toxic, infective, and
other autonomic neuropathies) and (2) severe hyper-
cortisolism, which impairs arteriolar and probably
venous contractility.22.23
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