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and veins. The overall central nerve system of 
BD is hardly seen; it is called Neuro-Behcet di-
sease (NBD)1. NBD patients experience intracra-
nial hypertension because of Dural sinus venous 
thrombosis, inflammatory parenchymal lesions 
or recurrent meningoencephalitis. Parenchymal 
lesions are thought to occur in the brain because 
of venous infarcts caused by sinus venous throm-
bosis2,3. Lumbar puncture (LP) can be used to test 
and analyze the cerebrospinal fluid (CSF) in NBD 
patients. CSF flow rates are usually high in the-
se patients4,5. Phase contrast magnetic resonance 
imaging (PC-MRI) is a radiological observation 
technique in which CSF is displayed throughout 
the different cardiac cycle. This is a non-invasive 
approach to gain information about CSF flow and 
direction6. Before starting to describe the flow on 
the aqueduct with numerical parameters, the nor-
mal flow patterns were first discovered and then 
the changes in flow in different diseases were re-
searched. These diseases involved normal pressu-
re hydrocephaly, idiopathic intracranial hyperten-
sion, Chiari malformation and arachnoid cysts7,9. 
The purpose of the present study was to evaluate 
the method of assessing CSF flow using PC-MRI 
and to determine the influence of the anatomical 
level of the cerebral aqueduct on CSF flow.

 

Patients and Methods 

There were three groups in this study. The first 
group included 18 BD patients who had received 
care at the Main Department of Dermatology, 
Turgut Ozal Medical Center (BD Group: 9 ma-
les, 9 females, age 19-51 years). The second group 
included 16 NBD patients who had applied to the 
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Introduction

Behcet disease (BD) is a multisystem inflam-
matory disease that can affect all types of arteries 
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Figure 1. A, Aqueduct from the half perpendicular to the axial plane. B, Determining the axial plane and the area of the ROI.

Figure 2. Examples of CSF current measurement parameters.
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Neurology Department, Turgut Ozal Medical 
Center (NBD Group: 9 males, 7 females, age 18-
48 years). The third group was the control group; 
15 volunteers were selected from a group that had 
applied to participate in the study between July 
2012 and November 2013 (Control Group: 6 ma-
les, 9 females, age 19-48 years). This study was 
approved by the İnönü University Ethics Council 
(6 March 2013). The BD group was observed for 
1-3 years, whereas the NBD group was observed 
for 2-4 years. There was no lesion such as nonspe-
cific focal ischemic gliotic focus in BD and con-
trol group. There were lesions in the cortical and 
brainstem areas in NBD. Two radiologists using 
the images obtained at the level of the cerebral 
aqueduct on a semi-axial plane by PC-MRI an-
giography performed quantitative evaluation of 
CSF flow. Among the three groups, the peak velo-
city, average velocity, forward flow, reverse flow, 
net forward flow, flow values and aqueduct areas 
were compared.

 
PC-MRI Technique

All MRI images were acquired using a 1.5-T 
MRI scanner (Magnetom Avanto, Siemens Heal-
thcare, Erlangen, Germany). Relevant measure-
ments of the PC-MRI sequences were as follows: 
TR = 31.25 ms, TE = 8.06 ms, section thickness = 
5.5 mm, NSA = 1, FOV = 16 × 10 cm, matrix size 
= 128 × 256 and flip angle = 10°C. Depending on 
the heart rate of each patient, 14-30 sections were 
obtained during each cardiac cycle. Cardiac trig-
gering was performed prospectively using finger 
plethysmography. 

Imaging Analysis
Two radiologists (SU and MD), blinded to the 

clinical status of the participants, evaluated the 
obtained images using a Siemens User Console 
(Argus Software). The radiologists had an expe-
rience of five and 10 years, respectively. There 

were no significant differences between the fin-
dings of the two radiologists.

Quantitative evaluation of the CSF flow was 
performed using the images obtained at the level 
of the cerebral aqueduct on a semi-axial plane by 
PC-MRI angiography. After the PC-MRI images 
were adequately magnified, a region of interest 
was manually placed to cover the entire cerebral 
aqueduct area in every image. A data table was 
subsequently created; it contained graphs showing 
the peak-velocity time, mean velocity time, flow 
time and net flow time in a cardiac beat. The data 
table contained the following: peak velocity (± di-
rection, cm/sn), average velocity (cm/sn), average 
flow (mL/sec), forward volume (craniocaudal CSF 
volume, mL/beat), reverse volume (caudocranial 
CSF volume, mL/beat), net forward volume (mL/
beat) and average aqueduct area. All the graphs 
showed that the area above the horizontal axis 
(positive values, diastolic) indicated caudocranial 
CSF flow, whereas the area under the axis (nega-
tive values, systolic) indicated craniocaudal CSF 
flow. The average flow values (stroke volume) 
were converted to mL/min by multiplying the va-
lues by 60.

Statistical Analysis
SPSS 13 for Windows (SPSS Inc., Chicago, IL, 

USA) was used to evaluate velocity values. Nega-
tive values were regarded as positive because they 
expressed a direction. The parameters were regar-
ded as average values. Aqueduct diameter, peak 
flow, average flow, forward flow, reverse flow, net 
forward volume and flow were compared between 
the three groups. Normal distribution was obser-
ved using the Shapiro-Wilk normality test.

A one-way analysis of variance (p = 0.005) and 
least significant difference (LSD) test (p = 0.005) 
were conducted among the three groups. p-values 
describe the statistical significance of differences 
between mean values. 

Table I. One-way variance analysis.

 (X±SD) Behcet (n=18) Neurobehcet (n=16) Control (n=15)  p-value

Aquaductus 4.3± 1.6 mm2 4.3±1.09 mm2 3±1.18 mm2 0.012
Peak velocity 3.4±0.9 cm/sec 5.8±2.3 cm/sec 4±0.82 cm/sec 0.001
Average velocity 0.44±0.21 cm/sec 0.70±0.38 cm/sec 0.37±0.21 cm/sec  0.005
Forward flow 0.023±0.011 ml 0.041±0.017 ml 0.019±0.079 ml 0.001
Reverse flow 0.009±0.059 ml 0.021±0.012 ml 0.012±0.006 ml 0.001
Net forward flow 0.013±0.006 ml 0.019±0.011 ml 0.006±0.003 ml 0.001
Flow 1.17±0.66 ml/min 1.73±1.05 ml/min 0.54±0.23 ml/min 0.001
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Results

Results of the one-way analysis of variance 
were as follows:

Between the groups, there were no clear diffe-
rences in age and sex. The control group showed 
the following findings: aqueduct area, 3 ± 1.18 
mm2 (p = 0.012); peak velocity, 4 ± 0.82 cm/sec 
(p = 0.001); average velocity, 0.37 ± 0.21 cm/sec 
(p = 0.005); forward flow, 0.019 ± 0.079 mL (p = 
0.001); reverse flow, 0.012 ± 0.006 mL (p = 0.001); 
net forward flow, 0.006 ± 0.003 mL (p = 0.001) 
and flow, 0.54 ± 0.23 mL/min (p = 0.001). 

The BD group showed the following findings: 
aqueduct area, 4.3 ± 1.6 mm2 (p = 0.012); peak 
velocity, 3.4 ± 0.9 cm/sec (p = 0.001); average ve-
locity, 0.44 ± 0.21 cm/sec (p = 0.005); forward 
flow 0.023 ± 0.011 mL (p = 0.001); reverse flow, 
0.009 ± 0.059 mL (p = 0.001); net forward flow, 
0.013 ± 0.006 mL (p = 0.001) and flow, 1.17 ± 0.66 
mL/min (p = 0.001) (Table I).

The NBD group showed the following findings: 
aqueduct area, 4.3 ± 1.09 mm2 (p = 0.012); peak 
velocity, 5.8 ± 2.3 cm/sec (p = 0.001); average 
velocity, 0.70 ± 0.38 cm/sec (p = 0.005); forward 
flow, 0.041 ± 0.017 mL (p = 0.001); reverse flow, 
0.021 ± 0.012 mL (p = 0.001); net forward flow, 
0.019 ± 0.011 mL (p = 0.001) and flow 1.73 ± 1.05 
mL/min (p = 0.001). 

The following are the results of the LSD test: 
while there was no distinctive difference betwe-
en the BD and NBD groups regarding aqueduct 
diameter, the comparison of these groups with the 
control group showed a clear increase in aqueduct 
diameter. There was no difference between the 
BD and control groups regarding peak velocity, 
average velocity, forward flow, reverse flow, net 
forward flow and flow; however, there was a si-
gnificant increase in these parameters when the 
control and NBD groups were compared.

Discussion

Magnetic resonance imaging (MRI) is used 
in the diagnosis of NBD. MRI findings may be 
confused with central nervous system infections, 
multiple sclerosis, and stroke. Studies are being 
conducted to investigate NBD diagnosis using 
magnetic resonance spectroscopy (MRS) and 
diffusion-weighted imaging (DWI). MRS studies 
have demonstrated no visible lesions in NBD pa-
tients. However, these investigations have shown 
an increase in the rate of choline/creatine (Cho/

Cr) and N-acetyl aspartate/creatine (NAA/Cr) in 
the periventricular white matter of NBD patients. 
This increase can be explained by glial damage 
that occurs in the neurons of these patients. DWI 
studies have indicated that apparent diffusion 
coefficient (ADC) values are higher in the NBD 
group than those in the BD or control groups. 
DWI studies10,11 can also be used for BD patients 
even if no neurologic structural changes are ob-
served to evaluate subclinical neurologic invol-
vement. Akman-Demir et al4 analyzed the CSF 
pressure in NBD patients and found that while 
4 patients were normal, 20 patients showed an 
increase in CSF pressure. In their retrospective 
study, Özer et al(5) observed that the CSF pres-
sure increases in NBD, causing headache symp-
toms, and stated that CSF analysis and pressure 
measurements may be helpful in patients with 
headaches. We studied the changes in the CSF 
flow parameters in BD using the non-invasive 
PC-MRI technique. When the three groups were 
compared, we observed, with the exception of 
aqueduct diameter, a statistically significant in-
crease in all CSF flow dynamics, such as peak 
velocity, average velocity, forward flow, reverse 
flow, net forward flow and flow (p < 0.05). Ac-
cording to the doctrine of Monroe Kellie Bur-
rows, the total volume of blood, brain and CSF 
is stable, and the changes in cerebral blood volu-
me due to disparity of arterial and venous flow 
creates CSF flow13. It has also been stated that 
intracranial hypertension can be observed in BD 
patients14,15. We postulate that there is an overall 
increase in NBD venous fluid, which causes an 
increase in arterial side pressure, resulting in the 
high production of CSF as an ultra filtrate. Fur-
thermore, we hypothesize that this production 
results because of an increase in CSF flow dy-
namics, such as forward flow, reverse flow, net 
forward flow, flow average velocity, and espe-
cially, peak systolic velocity. We also think that 
this can occur because of pressure increase in 
the arterial system. Ascaso et al15 state that intra-
cranial hypertension can be observed as the first 
symptom in NBD patients. Our findings show an 
increase in CSF flow values and may explain this 
pressure increase and intracranial hypertension. 
LP and CSF analysis of NBD patients have pre-
viously shown high CSF flow rates5,6. In our stu-
dy, the NBD group had high flow rates compared 
to the BD and control groups, which we suggest 
is caused firstly by raising intracranial pressu-
re and secondly by increasing CSF production. 
Varoglu et al16 showed cortical and cerebellar 
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atrophy using MRI without parenchymal invol-
vement. The increased aqueduct diameter in BD 
and NBD groups compared to the control group 
observed in our study may be because of a chan-
ge secondary to cortical or cerebellar atrophy.

Conclusions

We observed that a non-invasive PC-MRI can 
measure changes in CSF flow for BD and NBD 
patients. This showed that an increase in CSF 
parameters in NBD patients was helpful in NBD 
diagnosis. However, the findings of this study 
should be supported by more extensive studies.
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