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Background: The etiology of chronic fatigue syndrome (CFS) is unknown. Orthostatic intolerance (OI) is
common in CFS patients. Recently, small heart with low cardiac output has been postulated to be related to
the genesis of both CFS and OI.
Hypothesis: Small heart is associated with OI in patients with CFS.
Methods: Study CFS patients were divided into groups of 26 (57%) CFSOI(+) and 20 (43%) CFSOI(−) according
to the presence or absence of OI. In addition, 11 OI patients and 27 age- and sex-matched control subjects
were studied. Left ventricular (LV) dimensions and function were determined echocardiographically.
Results: The mean values of cardiothoracic ratio, systemic systolic and diastolic pressures, LV end-diastolic
dimension, LV end-systolic dimension, stroke volume index, cardiac index, and LV mass index were all
significantly smaller in CFSOI(+) patients than in CFSOI(−) patients and healthy controls, and also in OI
patients than in controls. A smaller LV end-diastolic dimension (<40 mm) was significantly (P < 0.05) more
prevalently noted in CFSOI(+) (54%) and OI (45%) than in CFSOI(−) (5%) and controls (4%). A lower cardiac
index (<2 L/min/mm2) was more prevalent in CFSOI(+) (65%) than in CFSOI(−) (5%, P < 0.01), OI (27%), and
controls (11%, P < 0.01).
Conclusions: A small size of LV with low cardiac output was noted in OI, and its degree was more pronounced
in CFSOI(+). A small heart appears to be related to the genesis of OI and CFS via both cerebral and systemic
hypoperfusion. CFSOI(+) seems to constitute a well-defined and predominant subgroup of CFS.

Introduction
Chronic fatigue syndrome (CFS) is an important health
problem, characterized by persistent and relapsing severe,
disabling fatigue that is not resolved by rest, causing a
marked reduction of working activity.1–3 Despite the public
health burden imposed by CFS, effective diagnostic, treat-
ment, and prevention strategies are not available because
the etiology, risk factors, and pathophysiology remain
unknown.

Recently, patients with orthostatic intolerance (OI)
have become a focus of clinical attention.4–6 These
patients predictably develop symptoms of disabling fatigue,
dizziness, diminished concentration, tremulousness, and
nausea while standing. Simple activities such as eating,
showering, or low-intensity exercise may profoundly
exacerbate these symptoms, which may significantly impair
even the most basic activities of daily living. Many of the
primary symptoms of OI are often seen in patients with
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disabling CFS.7–9 Both CFS and OI affect many young
people, predominantly women.

We have recently reported that ‘‘small heart’’ with low
cardiac output is prevalent in CFS patients.10–12 Further-
more, Fu et al13 have recently reported that patients with
postural orthostatic tachycardia, which is often noted in
patients with chronic OI, have small hearts coupled with
reduced blood volume compared with healthy controls,
as determined by magnetic resonance imaging and blood
volume measurements.

In the present study, left ventricular (LV) size and function
were evaluated echocardiographically in CFS patients with
and without OI, and also in OI patients without CFS, to
clarify the differences in cardiac size and function among
these patients and healthy controls.

Methods
Study Population

Consecutive patients with chronic fatigue who visited our
clinic, were diagnosed with CFS, and gave informed consent
to participate were included in the present study. Chronic
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fatigue syndrome was diagnosed according to the revised
case definition of Fukuda et al.2

The study population comprised 46 patients with CFS,
16 men and 30 women, with a mean age of 30 ± 8 years.
These patients were divided into CFSOI(+) (26, 57%) and
CFSOI(−) (20, 43%) groups, according to the presence
or absence of OI. Orthostatic intolerance was defined as
instability in maintaining normal consciousness without
significant symptoms such as disabling fatigue, dizziness,
diminished concentration, tremulousness, sweating, light-
headedness, visual disturbance, palpitations, and nausea
while standing, or any perturbation that mimics the hemo-
dynamic consequences of standing.8 In addition, we studied
11 patients with OI but without CFS (group OI) and 27
healthy control subjects (controls; Table 1). Postural ortho-
static tachycardia syndrome (POTS) was diagnosed in 7

(27%) of the CFSOI(+) patients and in 3 (27%) of the OI
patients with an increase of heart rate >30 beats/minute
during a 10-minute standing test.

All studied participants gave informed consent, and the
study protocol was approved by the ethics committee of our
institution.

Blood Pressure Measurement
Arm blood pressure was measured using a cuff digital
pressure monitor (HEM-907; Omron, Kyoto, Japan) in the
sitting position.

Chest Roentgenography
Cardiothoracic ratio was calculated as the cardiac transverse
diameter to the thoracic transverse diameter in the
posteroanterior projection on a chest roentgenogram.

Table 1. Comparative Echocardiographic Data Among the Study Groups

CFSOI(+) CFSOI(−) OI Controls

No. of patients 26 20 11 27

M/F 7/19 9/11 2/9 10/17

Age (y) 28 ± 8 32 ± 8 31 ± 7 32 ± 7

Cardiothoracic ratio (%) 38 ± 5a,b 42 ± 4 42 ± 3c 44 ± 4

Heart rate (bpm) 69 ± 15 72 ± 13 68 ± 11 70 ± 12

SBP (mm Hg) 109 ± 11a,b 115 ± 13 112 ± 14c 121 ± 11

DBP (mm Hg) 66 ± 12a,b 72 ± 12 68 ± 13c 75 ± 12

IVS (mm) 8 ± 1 9 ± 1 8 ± 1 9 ± 1

PW (mm) 8 ± 1 9 ± 1 8 ± 1 9 ± 1

LVEDD (mm) 39 ± 5b,d 45 ± 5 40 ± 5b,d 45 ± 4

LVEDD <40 (mm) 14 (54%)a,b 1 (5%) 5 (45%)a,b 1 (4%)

LVESD (mm) 25 ± 5b,d 28 ± 3 24 ± 5b,d 27 ± 2

LAD (mm) 25 ± 5 27 ± 5 24 ± 4 27 ± 4

AoD (mm) 26 ± 4 26 ± 4 25 ± 3 27 ± 5

RVD (mm) 15 ± 4 17 ± 4 15 ± 2 15 ± 3

Stroke volume (mL) 45 ± 13b,d 64 ± 17 49 ± 11a,b 63 ± 13

Stroke volume index (mL/m2) 30 ± 7b,d 38 ± 7 33 ± 7c 39 ± 7

Cardiac output (L/min) 3.0 ± 0.7b,d 4.5 ± 1.1 3.3 ± 1.0b,d 4.4 ± 1.0

Cardiac index (L/min/m2) 2.0 ± 0.3b,d 2.7 ± 0.6 2.2 ± 0.5a,c 2.7 ± 0.6

Cardiac index <2 (L/min/m2) 17 (65%)b,d 1 (5%) 3 (27%) 3 (11%)

Fractional shortening (%) 37 ± 4 38 ± 3 40 ± 7 39 ± 3

LVEF (%) 67 ± 5 68 ± 4 71 ± 8 69 ± 4

LV mass index (g/m2) 62 ± 16b,d 77 ± 14 64 ± 13a,c 77 ± 16

Abbreviations: AoD, aortic root diameter; CFSOI(+), patients with chronic fatigue syndrome and orthostatic intolerance; CFSOI(−), patients with chronic
fatigue syndrome but without orthostatic intolerance; DBP, diastolic blood pressure; F, female; IVS, interventricular septum thickness; LAD, left atrial
dimension; LV, left ventricular; LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic
dimension; M, male; OI, patients with orthostatic intolerance but without chronic fatigue syndrome; PW, left ventricular posterior wall thickness; RVD,
right ventricular dimension; SBP, systolic blood pressure. aP < 0.05 vs CFSOI(−). bP < 0.01 vs controls. cP < 0.05 vs controls. dP < 0.01 vs CFSOI (−).

Clin. Cardiol. 34, 12, 782–786 (2011) 783
K. Miwa and M. Fujita: Small heart for OI in CFS

Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.20962 © 2011 Wiley Periodicals, Inc.



Echocardiography

All individuals underwent standard M-mode and
2-dimensional echocardiography. Left ventricular dimen-
sions were measured according to the recommendations
of the American Society of Echocardiography.14 Left ven-
tricular volume was calculated by the Teichholz formula,15

and ejection fraction was calculated. Left ventricular mass
was calculated according to the formula of Devereux and
indexed to body surface area.14

Statistical Analysis

Values are presented as the mean ± SD. Comparisons
of echocardiographic values or parameters between the
study groups were performed with analysis of variance
followed by the Student unpaired t test. Proportional data
were analyzed by the χ2 test, with Yates’ correction. The
value of significance was set at P < 0.05.

Results
Results are summarized in the Table 1 and Figures 1 and 2.
The mean cardiothoracic ratio was significantly smaller in
the CFSOI(+) group than in the CFSOI(−) group and
in controls. The ratio was also significantly smaller in
the OI group than in controls. Both systolic and diastolic
blood pressures were significantly lower in CFSOI(+) than
in CFSOI(−) and in controls. Both pressures were also
significantly lower in OI than in controls. The mean values
of LV end-diastolic dimension (LVEDD), LV end-systolic
dimension (LVESD), cardiac index, and LV mass index
were all significantly smaller in CFSOI(+) and in OI than in
CFSOI(−) and in controls. The mean stroke volume index
was significantly smaller in CFSOI(+) than in CFSOI(−)
and in controls, and also significantly smaller in OI than
in controls. A smaller LVEDD (<40 mm) was significantly
more prevalently noted in CFSOI(+) (54%) and OI (45%)
than in CFSOI(−) (5%) and controls (4%). A lower cardiac
index (<2 L/min/m2) was more prevalently noted in CFSOI
than in the other 3 groups (Table 1). The individual data
of LVEDD and cardiac index in each group are shown

Figure 1. Comparison of LVEDD among the study groups. Data are
presented as mean ± SD. Abbreviations: CFSOI(+), patients with chronic
fatigue syndrome and orthostatic intolerance; CFSOI(−), patients with
chronic fatigue syndrome but without orthostatic intolerance; LVEDD, left
ventricular end-diastolic dimension; OI, patients with orthostatic
intolerance but without chronic fatigue syndrome.

Figure 2. Comparison of cardiac index among the study groups. Data are
presented as mean ± SD. Abbreviations: CFSOI(+), patients with chronic
fatigue syndrome and orthostatic intolerance; CFSOI(−), patients with
chronic fatigue syndrome but without orthostatic intolerance; OI, patients
with orthostatic intolerance but without chronic fatigue syndrome.

in Figures 1 and 2. The mean values of both LV fractional
shortening and LV ejection fraction were comparable among
the groups (Table 1).

Discussion
‘‘Small heart,’’ the concept that the heart is too small com-
pared with the body to function adequately, was previously
proposed by Master in 1944 as so-called neurocirculatory
asthenia in young adults, and was associated with a small
heart shadow on a chest roentgenogram.16,17 The symptoms
usually appear during youth, and such patients occasionally
consult doctors because of easy fatigability, general malaise,
weakness, nervousness, trembling, and sweating, as well as
a variety of cardiovascular complaints, including chest pain,
palpitation, dyspnea or shortness of breath, dizziness, and
fainting. These symptoms are also common in patients with
CFS and/or OI, although the disease concept of both CFS
and OI was developed and postulated later.2,4–9 Although
Master hypothesized that these symptoms were caused by
diminished cardiac output due to a congenital or constitu-
tionally small heart,16 the pathophysiological significance
of small heart has not been established as a cardiovascular
disease manifesting low cardiac output syndrome.

Recently, we reported that a small heart shadow on a chest
roentgenogram was prevalent in CFS patients.10 Echocar-
diographic evaluation demonstrated that cardiac function
was actually impaired, with low cardiac output due to a
small LV in many CFS patients.10–12 Moreover, hemody-
namic abnormalities including smaller LV chamber size
and diminished cardiac stroke volume and cardiac out-
put during the exacerbation phase significantly improved
during the remission phase, suggesting a direct relationship
between the severity of their symptoms and impaired cardiac
function.11 Following our reports, Hurwitz et al reported that
severe CFS patients have lower cardiac volume assessed by
echocardiography and lower total blood volume, plasma vol-
ume, and red blood cell volume measured by dual tag blood
volume assessments than controls, suggesting a comorbid
hypovolemic condition.18 Interestingly, in 2003 Peckerman
et al reported that, using impedance cardiography in the
supine and standing positions, cardiac output is significantly
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lower in a severe CFS group than in controls and less-ill
patients.19 Many CFS patients have low cardiac output, and
the resulting low circulatory flow state may make it difficult
for patients to meet the demands of daily activity, and it
may also lead to fatigue and other conditions. Indeed, CFS
patients have a variety of possible cardiovascular complaints,
including chest pain, palpitation, dyspnea or shortness of
breath, cold feet, dizziness, and fainting, although all of these
symptoms are not necessarily attributable to cardiovascular
dysfunction.12

In the present study, CFS patients had a high prevalence
of OI, and echocardiographic examination revealed that
CFS patients with OI, and also OI patients, have smaller
LV chambers and poorer cardiac performance with lower
cardiac output than controls. Small heart coupled with
reduced cardiac function seems to be related to the genesis
of OI as a predisposing factor for cerebral hypoperfusion on
standing. High prevalence of lower cardiac index <2 in the
CFS patients with OI (65%) suggests that these patients have
a more severe form of small heart, with impaired systemic
circulation and cerebral hypoperfusion while in an upright
position, than the patients with simple OI. Chronic fatigue
syndrome with OI seems to constitute a well-defined and
predominant subgroup of CFS.

Orthostatic intolerance is characterized by the inability to
remain upright without severe signs and symptoms such as
hypotension, tachycardia, lightheadedness, pallor, fatigue,
weakness, dizziness, diminished concentration, tremulous-
ness, and nausea.20–22 The POTS, defined by symptoms of
OI associated with an excessive increase in heart rate on
orthostatic challenge, has been identified as a common form,
but not the only form, of chronic OI.6,22–24 Many symptoms
of OI appear to be related to reduced cerebral blood flow.
Symptoms are associated with inadequate systemic venous
return to the right heart or thoracic hypovolemia, although
precise mechanisms remain to be clarified.4,5,25 In addition,
reduced cerebral perfusion induced by excessive lower-
body venous pooling with delayed orthostatic hypotension
has been suggested to be involved in the orthostatic compo-
nent of fatigue in CFS patients.26 Recently, by using a cardiac
magnetic resonance imaging technique, Fu et al13 assessed
precisely the heart size and mass in patients with POTS and
found that cardiac size and mass and blood volume were
much smaller in the patients than in healthy sedentary con-
trols. The marked orthostatic tachycardia in these patients
seemed to be a physiologic compensatory response to a
smaller stroke volume, and exercise training improved this
syndrome in most patients.13 In their assessment of both
sympathetic baroreflex sensitivity and cardiovagal barore-
flex sensitivity, the function of the autonomic nervous sys-
tem was intact in the patients,13 although other researchers
have postulated autonomic nervous dysfunction with exag-
gerated sympathetic nervous activation over compensatory
levels while standing as a major mechanism behind the
symptoms.4,5,20,24,27

Elucidation of the pathophysiology of CFS and OI
may lead to better therapeutic strategies. Recently,
xenon–computed tomography blood-flow studies demon-
strated that CFS patients have global cerebral hypoperfusion
with reduced absolute cortical blood flow in broad areas,
especially in bilateral middle cerebral artery territories,

compared with healthy controls.28 Impaired cerebral oxy-
genation due to reduced cerebral hemodynamics in young
CFS patients with OI during an active standing test was
suggested from the findings of continuous measurement
of cerebral oxygenated hemoglobin using near-infrared
spectroscopy.29 In the present study, low systolic and dias-
tolic blood pressures were noted in OI patients with and
without CFS compared with those in control subjects. Using
24-hour ambulatory blood pressure monitoring, Newton et
al30 have consolidated the evidence that lower blood pres-
sure occurs in CFS patients, and lower nighttime blood
pressure seems to be a significant problem that may lead to
the enhanced diurnal variation. Reasonable potentiation of
cerebrovascular flow without exaggerated activation or per-
turbation of the autonomic nervous system may be needed
for effective treatment. However, administration of nonse-
lective vasoconstrictive agents may cause a simple reduction
of cerebral blood flow via elevation of cerebrovascular resis-
tance, although intravenous infusion of phenylephrine, a
sympathetic nerve α1 stimulator, has been reported to
improve OI, as a result of producing significant peripheral
vasoconstriction and venoconstriction in some OI patients.31

Volume repletion by increasing sodium intake or by treat-
ment with fludrocortisones may theoretically improve OI
and also symptoms of CFS by replenishing intravascu-
lar volume.4,7,9,22,25 Military antishock trousers and elastic
stockings may also be effective via potentiation of venous
return, resulting in increased cardiac output.26 Although
CFS patients are limited by the discomfort of an increased
perception of exertion, there are some data to support the
notion that an appropriately designed exercise program is
beneficial.13,32–34 Various triggers including loss of appetite,
diarrhea, and sweating can cause dehydration accompanied
by preload reduction, leading to further decreases in stroke
volume and cardiac output, thereby impairing both systemic
and cerebral circulation and exacerbating symptoms.

Study Limitations

Our study has some limitations. First, the causal relationship
between the low cardiac output observed in the patients and
a variety of symptoms remains to be clarified. That low car-
diac output is attributable in part to the decreased demand
by the possible loss of muscle volume due to immobility or
reduction of physical effort in these patients cannot be ruled
out. Second, the underlying disease of OI, such as postu-
ral orthostatic tachycardia, delayed orthostatic hypotension,
and neurally mediated hypotension, was not identified in our
study patients. The mechanism or cause of OI may not be
similar among the patients, especially concerning the pos-
sible role of autonomic dysfunction. Another limitation is
a lack of measurement of cerebral blood flow. Quantitative
assessment of cerebral blood flow in recumbent and upright
positions is required to clarify the genesis of OI and also a
possible link between OI and low cardiac output in CFS.

Conclusion
In conclusion, a small size of LV with reduced cardiac
function is common in patients with OI and its degree
appears to be more pronounced in CFS patients with OI.
Chronic fatigue syndrome with OI seems to constitute a
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well-defined and predominant subgroup of CFS. Small heart
with impaired cardiac performance due to decreased preload
appears to be an important target for the treatment of CFS
and OI.
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