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ABSTRACT

Objectives: This study aims to evaluate cerebral blood flow using color duplex Doppler ultrasonography in patients with fibromyalgia syndrome 
(FMS).
Patients and methods: The study included 30 female patients with FMS (mean age 42.3 years; range 22 to 59 years) and 30 female healthy controls 
(mean age 39.6 years; range 22 to 56 years). Color duplex Doppler ultrasonography imaging was performed with an EPIQ 5 unit equipped with a 
multi-frequency linear probe (3-12 MHz) in the supine position. Severity of pain, fatigue, and the patient’s and physician’s global assessments of 
disease were evaluated on a visual analog scale. The Symptom Severity Scale, Hamilton Anxiety Rating Scale, Hamilton Depression Evaluation Scale, 
and Fibromyalgia Impact Questionnaire were also implemented to assess disease severity.
Results: Cerebral blood flow volume and bilateral internal carotid artery (ICA) and vertebral artery (VA) volumes were not significantly higher in FMS 
patients compared to controls. Bilateral ICA and VA diameters were similar between FMS patients and controls. Bilateral mean peak systolic velocities 
and end diastolic velocities in the common carotid arteries, ICAs and VAs were similar in both groups. A significant correlation between symptom 
severity parameter and the cerebral blood flow volume was noted in FMS patients.
Conclusion: Cerebral blood flow volume, ICA flow, and VA flow do not appear to increase, and are correlated with only Symptom Severity Scale 
among other clinical parameters reflecting disease severity in patients with FMS.
Keywords: Cranial flow; depression; color duplex Doppler ultrasonography; fibromyalgia; pain.

Fibromyalgia syndrome (FMS) is a disorder 
characterized by widespread musculoskeletal 
pain, accompanied by fatigue, sleep disturbance, 
anxiety, and mood disorders.1 Paresthesia, 
cognitive difficulties, dizziness, weakness, 
and a subjective feeling of swelling are also 
frequent symptoms of the disease. Notably, in 
individuals with FMS, there is a widespread 
and immediate alteration in the sympathetic/
parasympathetic balance. Furthermore, anxiety, 
which generally leads to misdiagnosis, is very 
common in fibromyalgia, and has been found to 
be related to the severity of pain in FMS.2 Despite 

considerable attention and clinical investigation, 
the mechanisms responsible for initiating and 
perpetuating FMS remain unknown or poorly 
understood. In the past decade, multiple advances 
in neuroimaging have been applied as a means 
of investigating potential causative mechanisms 
in FMS.

In neuropsychiatric research, cerebral blood 
flow (CBF) has been used as an indicator of 
brain function.3 Historically, research on CBF 
was seriously limited by the invasive nature of 
the available measurement techniques, such as 
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nitrous oxide inhalation and intracarotid injection 
techniques.4 However, recently, regional changes 
in brain perfusion and metabolism have been 
documented through the use of positron emission 
tomography and single photon emission computed 
tomography.5-7 In addition, transcranial and 
extracranial color duplex Doppler ultrasonography 
are non-invasive techniques that are simple to 
administer, and may constitute an acceptable 
alternative for the evaluation of cerebral 
hemodynamic changes. Modern duplex scanners 
allow determination of the blood flow volume in 
an extracranial vessel by combination of mean 
blood flow velocity and vessel diameter or cross 
sectional area assessments.8 A parallel relationship 
between CBF and non-specific arousal, as 
mediated by the brainstem reticular activating 
system, has previously been reported.9 It is thought 
that non-specific arousal is a biological substrate 
for anxiety.10 In contrast, anxiety-related factors, 
including sympathetic stimulation, increased blood 
viscosity, and reduced carbon dioxide levels, have 
been shown to decrease CBF.11 Thus, anxiety is 
associated with both cerebral vasodilatory and 
vasoconstrictive mechanisms. It is not surprising 
that investigators have observed contrasting results 
for anxiety-related changes in CBF.12

When taking into consideration that FMS 
is closely related to psychogenic factors and 
alterations of functions of the autonomous 
nervous system, we hypothesized that a number 
of alterations may take place in blood flow 
rates through the internal carotid artery (ICA) 
and vertebral artery (VA) in patients with 
FMS, in keeping with intracranial vascular 
hemodynamic changes reported previously.10,13-15 
We hypothesized that: (i) stronger changes of ICA 
and VA blood flow velocities would be observed 
in patients with FMS than in healthy controls, 
and (ii) that a positive association between the 
magnitude of the hemodynamic response and the 
severity of clinical pain, depression, and anxiety 
would be observed. Therefore, in this study, we 
aimed to evaluate CBF using color duplex Doppler 
ultrasonography in patients with FMS.

PATIENTS AND METHODS

The study, which was conducted at Fırat University 
Hospital between January 2015 and November 

2015, included 30 female patients with FMS 
(mean age 42.3 years; range 22 to 59 years) 
and 30 female healthy controls (mean age 39.6 
years; range 22 to 56 years). All FMS patients 
met the 1990 and 2010 American College of 
Rheumatology classification criteria for FMS.16,17 
Blood pressure measurement was performed prior 
to sonographic evaluation. Patients with a systolic 
blood pressure <140 mmHg and a diastolic blood 
pressure <90 mmHg were eligible for inclusion. 
Patients with systemic inflammatory rheumatic 
diseases; acute diseases and/or conditions leading 
to clinical confusion (fracture, malignity etc.); 
cooperation problems; hypertension; diabetes 
mellitus and other endocrinologic diseases; alcohol 
and drug addictions; ICA plaques; cerebrovascular 
diseases; chronic neurological diseases cardiac 
failure; a psychiatric disorder involving a history 
of psychosis, current suicide risk or attempt 
within the past two years, left-handedness or 
who were pregnant were excluded. The study 
protocol was approved by the Fırat University 
Faculty of Medicine Ethics Committee. All the 
participants consented to participant. The study 
was conducted in accordance with the principles 
of the Declaration of Helsinki.

Severity of pain, fatigue, and the patient’s and 
physician’s global assessments of disease were 
assessed on a visual analog scale. Algometric 
assessment was performed for patients with 
fibromyalgia, with the tender point count and 
chronic widespread pain duration recorded. The 
Symptom Severity (SS) scale17 and Fibromyalgia 
Impact Questionnaire (FIQ) scores were obtained 
in all subjects. Hamilton Anxiety Rating Scale 
(HAM-A) and Hamilton Depression Evaluation 
Scale (HAM-D) were also administered. For the 
HAM-A scale, scores between 6 and 14 points 
and scores greater than 15 were interpreted as 
minor and major anxiety, respectively. When 
analyzing responses from the HAM-D scale, 
scores between 8 and 17 points, between 18 and 
24, and above 25 were defined as mild, moderate, 
and severe depression, respectively.18,19

Routine outpatient tests, including complete 
blood count, erythrocyte sedimentation rate, serum 
C-reactive protein, rheumatoid factor, alanine 
aminotransferase, aspartate aminotransferase, 
creatine kinase, calcium, phosphorus, 
parathormone, vitamin D, and thyroid stimulating 
hormone levels, were assessed.
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Color duplex Doppler ultrasonography imaging 
was performed with an EPIQ 5 unit (Philips 
Healthcare, Bothell, WA, USA) equipped with 
a multi-frequency linear probe (3-12 MHz) for 
both patient groups, in the supine position. The 
entirety of the common carotid arteries, carotid 
bifurcations, ICAs (as distal as possible), and 
VAs were scanned in transverse and longitudinal 
planes with both the B-mode and color Doppler 
mode. Flow velocities and flow volumes were 
measured from the common carotid arteries in 
the center stream, approximately 2 cm below 
the bifurcation, on the grayscale B-mode image. 
Internal carotid artery measurements were made 
approximately 2 cm above the bifurcation, 
beyond the bulb widening. The VA measurements 
were taken from intravertebral segments of 
the artery. Measurements were made with a 
constant 60° insonation angle, minimum wall 
filter, and a transmitter output of 100%. Peak 
systolic velocity, end diastolic velocity, flow 
volume, and luminal diameters were noted. All 
study examinations were performed by the same 
radiologist with 10 years of experience. Patients 
with plaques and hypoplastic VAs were excluded.

After detection of the ICA and VA flow 
volumes, CBF volume was calculated as the sum 
of flow volumes in the ICA and VA of both sides. 
The complete examination took approximately 
15 minutes for each subject.

Statistical evaluation

Statistical analysis was performed using the 
IBM SPSS Statistics for Windows, version 20.0 
(IBM Corp., Armonk, NY, USA). Kolmogorov-
Smirnov test was used to evaluate whether 
variables had normal distribution. Results were 
evaluated using parametric and nonparametric 
statistical methods for data with normal 
and non-normal distribution, respectively. 
Intergroup comparisons were performed using 
independent group t tests for parametric 
values, and Mann-Whitney U tests for non-
parametric values. Categorical data were 
analyzed by the Chi-square test. Correlations 
between parameters were evaluated using 
Pearson correlation analysis. In statistical 
evaluation, p<0.05 was taken to indicate 
significance. Results were given as mean ± 
standard deviation.

RESULTS

There was no statistically significant difference 
between FMS patients and controls in terms of 
age. Body mass index and marital status were 
similar in both groups. The mean disease duration 
was 2.9±1.8 years in the FMS group. Coexistence 
of anxiety was observed in 21 fibromyalgia 
patients (70%) and one control (according to 
HAM-A evaluation), while depression was noted 
in 15 fibromyalgia patients (50%) and one 
control (3.3%) (according to HAM-D evaluation) 
(Table 1).

Fibromyalgia Impact Questionnaire, SS 
scale, HAM-A, and HAM-D parameters were 
significantly higher in FMS patients than controls. 
Similarly, the patient’s and physician’s global pain 
evaluation parameters were significantly higher in 
FMS patients (p<0.001) (Table 1).

Cerebral blood flow volume and bilateral ICA 
and VA volumes were not significantly higher 
in FMS patients compared to controls. Bilateral 
ICA and VA diameters were similar between 
FMS patients and controls. Furthermore, mean 
peak systolic and end diastolic velocity of bilateral 
common carotid arteries, ICAs and VAs did 
not differ between FMS patients and controls 
(Table 2).

There was significant correlation between FIQ 
and the results of either HAM-A or HAM-D in 
FMS patients (r=0.693, p=0.001 vs. r=0.378, 
p=0.04, respectively). A significant correlation 
between SS parameter and the CBF volume in 
FMS patients was noted (r=0.376, p=0.041). 
However, there was no statistically significant 
correlation between other clinical parameters 
(FIQ, chronic widespread pain duration, HAM-A, 
HAM-D) and radiological data.

DISCUSSION

This study aimed to investigate whether CBF was 
related to the processing of pain in patients with 
fibromyalgia. To our knowledge, this is the first 
study in which CBF volume has been assessed 
using extracranial duplex sonography in patients 
with FMS. We found no significant differences 
in CBF volume and ICA flow velocity in patients 
with FMS, when compared with healthy controls. 



69Cerebral Blood Flow Volume in Fibromyalgia Syndome

Furthermore, no statistically significant differences 
in VA flow volume and velocity were noted 
between the two groups. However, a significant 
correlation between SS parameter and the CBF 
volume in FMS patients was determined.

Functional coupling between neural metabolism 
and CBF enables mapping of cerebral function 
according to hemodynamic response with 
neuroimaging methods, particularly functional 
magnetic resonance imaging.20 A number of 

Table 2. Comparisons of radiological data parameters between fibromyalgia syndrom patients and healthy control 
groups

Cerebral blood flow volume (mL/min) 910.7±230.6 889.3±182.4 0.692
Right ICA volume (mL/min) 364.0±116.4 339.2±110.3 0.400
Left ICA volume (mL/min) 351.3±123.2 354.0±106.6 0.927
Right VA volume (mL/min) 77.9±42.5 86.6±47.1 0.453
Left VA volume (mL/min) 117.5±54.2 109.4±47.5 0.543
Right ICA diameter (mm) 4.7±0.7 4.6±0.7 0.830
Left ICA diameter (mm) 4.8±0.8 4.6±0.7 0.170
Right VA diameter (mm) 3.2±0.6 3.2±0.5 0.774
Left VA diameter (mm) 3.6±0.4 3.5±0.5 0.521
Right CCA mean peak systolic velocity  (cm/sec) 73.6±25.7 77.1±17.5 0.532
Left CCA mean peak systolic velocity (cm/sec) 77.2±26.1 81.7±19.7 0.455
Right ICA mean peak systolic velocity (cm/sec) 67.0±22.1 68.3±19.8 0.816
Left ICA mean peak systolic velocity (cm/sec) 64.0±24.2 72.5±22.8 0.168
Right VA mean peak systolic velocity (cm/sec) 31.2±9.9 35.2±9.2 0.104
Left VA mean peak systolic velocity (cm/sec) 38.4±14.7 36.5±9.5 0.566
Right CCA end diastolic velocity (cm/sec) 16.9±8.2 16.7±5.4 0.918
Left CCA end diastolic velocity (cm/sec) 18.6±8.5 17.3±6.9 0.517
Right ICA end diastolik velocity (cm/sec)   31.3±35.2 21.4±8.2 0.139
Left ICA end diastolic velocity  (cm/sec) 20.6±11.4 22.0±7.2 0.584
Right VA end diastolic velocity (cm/sec) 8.3±3.6 9.6±4.8 0.268
Left VA end diastolic velocity (cm/sec)   11.6±5.9 9.6±3.3 0.120

SD: Standard deviation; ICA: Internal carotid artery; VA: Vertebral artery; CCA: Common carotid artery.

 Fibromyalgia syndrome patients (n=30) Healthy controls (n=30)

 Mean±SD Mean±SD p

Table 1. Comparisons of demographic and clinical parameters between fibromyalgia syndrom patients and healthy 
control groups

Age (years)   42.3±8.5   39.6±9.6 0.252
Duration of the disease (years)   2.9±1.8  
Body mass index    26.7±2.6    25.2±3.1 0.095
Marital status       0.089

Married 22   23
Single 8   7

Working condition       <0.001
Employed 15   29
Nonemployed 15   1

Patient’s global assessment 
(0-100 mm VAS)   5.0±2.2   0.1±0.6 <0.001

Physician’s global assessment 
(0-100 mm VAS)   4.4±2.1    0.1±0.6 <0.001

Tender point count   14.1±2.2   0.2±0.9 <0.001
Fibromyalgia impact questionnaire   46.5±0.9   0.9±4.0 <0.001
Symptom severity scale   8.6±1.8   0.1±0.6 <0.001
Hamilton Anxiety Rating Scale   11.7±8.9   2.1±2.1  <0.001
Hamilton Depression Evaluation Scale   8.4±3.8   2.7±3.0 <0.001
Chronic widespread pain duration   11.4±3.6   0.3±1.0 <0.001
Frequency of anxiety  21 70  1 3.3  <0.001
Frequency of depression 15 50  1 3.3  <0.001

SD: Standard deviation; VAS: Visual analog scale.

 Fibromyalgia syndrome patients (n=30) Healthy controls (n=30)

 n % Mean±SD n % Mean±SD p
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functional magnetic resonance imaging studies 
have investigated the local distribution patterns of 
CBF in patients with FMS during somatosensory 
and pain processing. FMS patients, when 
compared to healthy equivalents, exhibit a lower 
threshold of pressure stimulation for blood flow 
response in a large part of the nociceptive 
matrix.21 Under nonpainful warmth stimulation, 
patients with FMS exhibit an enhanced blood flow 
response in the prefrontal and supplementary 
motor cortices, insula, and anterior cingulate.22 In 
patients with FMS, moderate pressure stimulation 
results in a blood flow increase in the sensory-
motor cortex, insula, cingulate, and basal ganglia; 
in contrast, this response is almost completely 
restricted to the somatosensory cortex in healthy 
controls.23 Brain mapping studies have provided 
substantial insight into the neural basis of pain 
augmentation occurring in FMS. However, in 
addition to spatial distribution patterns, it may 
be worthwhile noting the dynamic dimension of 
the CBF response related to nociception. This 
is justified, in particular, by the well-documented 
time-dependence of interindividual differences in 
hemodynamic response.24-26

The close relationship between brain function, 
CBF, and cerebral metabolism at rest has 
been the topic of interest for a number of 
researchers.3,27,28 In studies of both community 
and clinic groups, fibromyalgia has been strongly 
associated with anxiety and depressive symptoms, 
with approximately one-third of patients 
reporting major current problems with anxiety 
or depression.16,29,30 CBF during acute anxiety 
is dependent on the interplay between central 
(arousal) and peripheral (sympathetic tone, carbon 
dioxide, etc.) factors. Extensive literature regarding 
the psychophysiology of anxiety indicates that 
wide variations exist between and within subjects. 
Indeed, it is likely that this will also prove to be 
true for cerebral circulation. Therefore, changes in 
CBF associated with anxiety are likely to depend 
on a number of these factors.31 To our knowledge, 
only one other study has evaluated CBF using 
transcranial color duplex Doppler ultrasonography 
in the literature. Duschek et al.32 reported that 
anterior cerebral artery blood flow increases in 
patients with FMS, when compared to controls. 
However, they did not evaluate the ICA or VA. 
It is well known that CBF and CBF velocity 
exhibit an increase during mental activity, and it 

is hypothesized that patients with FMS generally 
show increased brain activity; consequently, an 
increased blood supply and greater flow volume 
may be expected.33 On the one hand, Chen et 
al.27 reported that CBF decreases in patients 
with FMS. Variability of CBF in patients with 
FMS might be related to the variance in imaging 
methods and coexisting diseases. We observed in 
this study that the CBF volume and flow rates of 
FMS patients were not significantly higher than 
those of normal subjects, despite the fact that 
50% of patients with fibromyalgia had depression 
and 70% had anxiety. These results may arise 
from a variety of secondary hemodynamic factors 
in relation to chronic anxiety and depression in 
fibromyalgia patients. Furthermore, it may be due 
to our small patient population. Therefore, further 
research is required including larger sample of 
fibromyalgia patients.

We evaluated the relationship between the 
magnitude of the hemodynamic response and 
the severity of clinical pain, depression and 
anxiety in patients with FMS. We observed a 
significant correlation between CBF volume and 
SS scale indicating disease severity in fibromyalgia 
patients. However, in this study, CBF volume 
was not correlated with emotional disturbance 
related with HAM-A and HAM-D, and functional 
disability related with FIQ. In addition to frequent 
depressive signs in panic disorder, preexisting 
somatic symptoms, including morning stiffness, 
depression, fatigue, insomnia, and reduced mental 
performance in FMS, may account for higher 
scores in FMS patients. However, the interplay 
between these symptoms and CBF volume 
remains unclear. CBF volume may be related to 
the temporal progression of FMS or to FMS-
mediated insufficiencies in the cardiovascular and 
pulmonary system, which may alter the heart rate 
and respiratory rate. Further research focused on 
clarifying these relationships is required.

Although many methods have been used to 
evaluate CBF in psychiatric patients, color duplex 
sonography is non-invasive, non-radioactive 
and easily applicable, making it an attractive 
option for quantifying CBF volume. However, a 
number of limitations exist in sonographic CBF 
volume measurements. Notably, the reliability of 
sonographic examination depends greatly on the 
skill and experience of the examiner. Furthermore, 
in patients with high carotid artery bifurcation, 
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ICA plaques, stenosis, or an abnormal ICA 
morphology (kinking or tortuosity), sonographic 
CBF measurements cannot be performed.34

This study has some limitations. First, the 
number of participants in both groups was not 
determined by power analysis before the study. 
Second, an additional patient control group would 
be beneficial for the study. Finally, radiological 
measurements were made by only one researcher 
who was not blinded.

In conclusion, patients with FMS exhibited no 
increase in CBF volume, ICA flow, or VA flow, 
and CBF volume only correlated with SS scale 
among other clinical parameters reflecting disease 
severity. Color duplex Doppler ultrasonography is 
a non-invasive and easily applicable method, which 
assesses reliably the global CBF volume, and it 
should be considered as a primary methodology for 
further FMS studies. CBF volume may be associated 
with the clinical progression and features of FMS, 
and further research is required to examine these 
relationships.
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