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In this study we evaluated that flow rate changes affect the (time of flight) TOF image and contrast-enhanced

(CE) in a three-dimensional TOF angiography. We used a 3.0T MR System, a nonpulsatile flow rate model.

Saline was used as a fluid injected at a flow rate of 11.4 cm/sec by auto injector. The fluid signal strength,

phantom body signal strength and background signal strength were measured at 1, 5, 10, 15, 20 and 25-th

cross-section in the experienced images and then they were used to determine signal-to-noise ratio and contrast-

to-noise ratio. The inlet, middle and outlet length were measured using coronal images obtained through the

maximum intensity projection method. As a result, the length of inner cavity was 2.66 mm with no difference

among the inlet, middle and outlet length. We also could know that the magnification rate is 49-55.6% in inlet

part, 49-59% in middle part and 49-59% in outlet part, and so the image is generally larger than in the actual

measurement. Signal-to-noise ratio and contrast-to-noise ratio were negatively correlated with the fluid velocity

and so we could see that signal-to-noise ratio and contrast-to-noise ratio are reduced by faster fluid velocity.

Signal-to-noise ratio was 42.2-52.5 in 5-25th section and contrast-to-noise ratio was from 34.0-46.1 also not

different, but there was a difference in the 1st section. The smallest 3D TOF MRA measure was 2.51 ± 0.12 mm

with a flow velocity of 40 cm/s. Consequently, 3D TOF MRA tests show that the faster fluid velocity decreases

the signal-to-noise ratio and contrast-to-noise ratio, and basically it can be determined that 3D TOF MRA and

3D CE MRA are displayed larger than in the actual measurement. 
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1. Introduction

Cerebrovascular disease is a largely classified hemor-

rhagic and ischemic cerebrovascular disease. In the past of

our country, the proportion of hemorrhagic cerebrovascular

diseases was significantly higher than in the Western coun-

tries. However, the incidence of ischemic cerebrovascular

diseases is increasing in recent years, and so the rate of

ischemic cerebrovascular diseases is higher than of hemor-

rhagic cerebrovascular diseases like in the Western countries

[1-4]. In the past, computed tomography (CT) and cerebral

angiography have been primarily used to diagnose cerebro-

vascular diseases. Cerebral angiography in particular was

recognized as an important and basic technique to confirm

vascular obstruction ranging and the re-opening. In addition,

CT images are acquired with very thin slices of the image

at high speed, so they can implement the three-dimensional

blood vessel images in various directions. At the same time,

functional images like cerebral blood flow map images are

performed also, so the importance of CT is emphasized to

diagnose cerebrovascular diseases [5]. However, there are

disadvantages such as the radiation burden and confusions

caused by intravenous contrast as well as a brain fundus

that may be covered by bone [6]. Recently, magnetic re-

sonance imaging (MRI) is spread as diagnostic tool of brain

diseases and comes into the spotlight. MRI is better than

any other examinations regarding soft tissue contrast, and

so it has been established as the primary diagnostic tool for

brain-nervous system diseases. 

With the advantage that cross-sectional images are possible

without radiation and an assessment of the metabolites and

functional images is provided as well as anatomical images

MRI can be said the most advanced diagnostic imaging

tests. In early years, the vascular obstruction diagnostic rate
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was not high in, but the recently increasing fast-resolution

recording technology shows more than 85% sensitivity and

a specificity nearly 100% [7-10]. Digital subtraction angio-

graphy is generally considered as an important and essential

test to evaluate a cerebrovascular angiostenosis because of

its superior resolution and accuracy and it is still being used

as an essential test of in most hospitals. However, magnetic

resonance angiography (MRA) is increasingly used as a

screening test because it is invasive and difficult to enforce

in outpatient clinic. 

MRA techniques are largely divided into phase technique

using the phase of the signal, strength technique using the

signal strength and contrast enhanced magnetic resonance

angiography using contrast medium [11, 12]. In particular,

TOF technique has been used as a screening assay because

it is possible to test in short time without contrast medium

[13]. However, the TOF technique has disadvantages such

as it is very sensitive to slow blood flow that can disappear

such as in veins and small blood vessels. Also, it tends to

exaggerate approximately 2.4 to 3.8% due to decreased

signals by swirl like it occurs by angiostenosis [14]. Con-

sequently, TOF technique was reported to be sensitive to

the flow velocity and form. However, there is no report

about the objective evaluation of image changes by blood

flow variations. In this study, we tested with actual phan-

tom production how flow variations affect three-dimen-

sional TOF angiography images.

2. Materials and Methods

2.1. Phantom Model

The phantom used in this study was designed to connect

with the contrast agent injectors enabling quantitative injec-

tion, having a pipe with 2.11 mm in diameter connected

with pipes in front and back. In addition, the material of the

phantom body was plastic filled with water inside, so it was

less affected by X-ray and Radio Frequency. First, a poly-

ethylene tube with 2.11 mm diameter and 0.26 cm2 area

penetrated through plastic cylindrical phantom body. Then

inlet and outlet part were connected with tubes to enable

the fluid to ship and receive. The phantom body was round

with 19 cm in length, 5 cm in height and 5 cm in diameter

and was also filled with water (H2O) as human tissue

equivalent material. 

2.2. Methods

We used the 3.0T MR System (Achieva Release 2.5,

Philips) with an 8Channel SENSE Head Coil (Achieva

Release 2.5, Philips) and the image variables were fixed to

T1 Fast Field Echo (FFE) 3D TOF and 3D CE MRA in

these tests. 

3D TOF was examined with 3D fast field echo (FFE)

sequence technique with the following parameters: field of

view (FOV): 180 × 180 × 12 mm3, matrix: 400 × 215, TR/

TE: 20/3.5 ms, total slice: 25, flip angle: 20°, phase encod-

ing direction R-L, NEX: 1, chunk: 1, slice thickness: 0.5

mm, slice orientation transverse, and total scan time 21.9

sec. 3D CE MRA was using the 3DT1FFE Sequence

technique using the following parameters: FOV: 350 × 350

× 80 mm3, matrix: 716 × 715, TR/TE: 5.4/2.0 ms, total slice:

160, flip angle: 20°, phase encoding direction: R-L, NEX:

1, slice thickness: 0.5 mm, slice orientation: coronal, CE

profile: CENTRA, keyhole: no, and total scan time: 61 sec.

The fluid for 3D CE MRA was prepared with Ga-DTPA

2.5 ml diluted into 1000 ml of saline solution. The total

volume of 150 ml diluted fluid was inserted through the

automated injector at 2 ml/sec.

The flow model was non-pulsatile with saline as fluid

and it was injected with a flow rate of 0.4 ml/sec by auto

injector. Next, the actual flow rate in a conduit was calcu-

lated by the following formula. 

Flow Velocity = Quantity of Flow/Conduit area (1)

According to the formula, when we injected with 0.4 ml/

sec by contrast agent injectors, we could see a flow of 11.4

cm/sec in the tube. The data were obtained as axial, coronal

plane images reconstructed by the maximum intensity

projection (MIP) method with Xtra Vision workstation

(Release 6.2.3). At this time, the reset value provided by

the instrument was used as reconfigured histogram setting

(Fig. 1).

A first, 1, 5, 10, 15, 20, 25-th cross-section were used for

measuring fluid signal strength, phantom body signal

strength and background signal intensity were used for

measuring signal-to-noise ratio and contrast-to-noise ratio.

Signal to noise ratio was calculated as equation using the

Fig. 1. (Color online) The coronal plane images were acquired using auto injector at a flow rate through 0.4 ml/sec.
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signal strength of the fluid and phantom body signal inten-

sity divided by the signal strength value of the background

standard deviation. Contrast-to-noise ratio was calculated as

equation using the difference between the signal strength of

the fluid and phantom body signal divided by the signal

strength value of the background standard deviation 3. A

background standard deviation was shown as the mean

value and standard deviation measured in upper left point

and lower point of phantom, the phase encoding direction

(Fig. 2). 

SNR = (2)

SNR: signal to noise ratio

SDN : standard deviation of noise in the background

SI : signal intensity 

CNR = (3)

CNR: contrast to noise ratio

SDN : standard deviation of noise in the background

SI : signal intensity

In addition, the coronal plane image gained through

maximum intensity projection was used for measuring the

inlet, intermediate and outlet length. Measured length was

calculated on the basis of the actual pipe length (2.11 mm)

(Fig. 3). The magnification is calculated as follows. 

2.3. Data Processing

The difference measured by fluid velocity between signal-

to-noise ratio and contrast-to-noise ratio was used for

analysis of variance by ANOVA (ANOVA SPSS win 18.0,

USA). The one sample t-test was conducted on the actual

measure of 2.11 mm and the measured value that was

closest to the actual measurement.

A p-value less than 0.05 was considered as a statistically

significant difference. We used IBM's PASW version 18.0

for Windows for the statistical program.

3. Results

3.1. Signal-to-noise ratio and contrast-to-noise ratio

measured by fluid velocity

The signal-to-noise ratio by fluid velocity was measured

62.91 ± 12.33 at a fluid speed 11.4 cm/sec; it was 59.40

± 13.95 at 20 cm/sec and 53.98 ± 14.84 at 31.4 cm/sec. But

it was the lowest with 30.28 ± 11.47 at 100.1 cm/sec. As a

result, we can find a faster fluid speed reduces the signal-

to-noise ratio (p < 0.05) (Table 1). 

The contrast-to-noise ratio by fluid velocity was measur-

ed 55.35 ± 13.93 at 11.4 cm/sec; 51.78 ± 15.53 at 20 cm/

sec and was largely measured with 46.63 ± 16.67 at 31.4

cm/sec. It was with 22.48 ± 13.25 the lowest at 100.1 cm/

sec. As a result, we can recognize that a faster fluid reduces

the contrast-to-noise ratio (p < 0.05) (Table 1). 

3.2. Cavity length measured by fluid velocity 

According to the result of cavity length measured by

fluid velocity, the inlet part length was measured 2.60 ±

0.00 mm at 11.4 cm/sec, the middle part length was 2.66 ±

0.05 mm and the outlet part length was 2.63 ± 0.05 mm.

The inlet part length was measured 2.60 ± 0.50 mm with a

fluid velocity of 100.1 cm/sec, the middle part length was

2.66 ± 0.05 mm and the outlet part length was 2.66 ± 0.05

mm. As a result, there was with 2.66 mm (p = 0.227) no

difference in the measurement of the cavity length between

the inlet, middle and outlet length. The magnification factor

SI region, surrounding tissues( )

SDN
---------------------------------------------------------------------------

SI region( ) SI surrounding tissues( )–

SDN
----------------------------------------------------------------------------------------

Fig. 2. (Color online) In the axial image was measured the

signal strength of fluid, phantom body and background.

Fig. 3. (Color online) In the coronal image, the length of

inlet, middle and outlet part was measured. The measured

length was the calculated magnification on the basis of the

actual conduit length (2.11 mm).
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was from 49 to 55.6% in the inlet part, from 49 to 59% in

the middle and from 49 to 59% in the outlet part, meaning

that the image is generally larger than the actual size (p <

0.05) (Table 2). 

3.3. Measurement of lumen length in terms of flow

velocity of 3D TOF MRA and 3D CE MRA

From the measurement of lumen length in terms of flow

velocity within the conduit, the smallest measure was 2.51

± 0.12 mm with a velocity of 40.0 cm/sec. For 3D TOF

MRA, the value measured at 40 cm/sec, which was the

closest value to the actual measurement, was 0.40 mm

larger than the actual measure. 3D CE MRA conducted

using 3.0 Tesla examination produced a value 0.50 mm

larger than the actual value (Table 3). 

Table 1. Signal-to-noise ratio and contrast-to-noise ratio measured by fluid velocity.

Division
Slice Velocity

(cm/sec)
1st Slice 5th Slice 10th Slice 15th Slice 20th Slice 25th Slice average P

Signal-to-

noise ratio

11.4 41.3 68.3 73.2 68 71.5 55.2 62.91 ± 12.33

0.000

20 32.2 59.8 63.4 72.4 64.7 63.9 59.40 ± 13.95

31.4 24.6 55.4 56.9 65.2 59.2 62.6 53.98 ± 14.84

40 20.6 51.5 53.4 54.8 53.9 59.5 48.95 ± 14.14

51.5 13.1 40.8 45.6 54.8 53 53.3 43.43 ± 15.81

60 12.9 39.2 46.9 51.2 48 54.9 42.18 ± 15.26

71.5 11.9 31.1 39.4 47 40.9 47.9 36.36 ± 13.43

80.1 12.7 30.9 36.3 38.5 40.4 41.5 33.38 ± 10.08

91.5 11.1 24.5 38.6 36.5 40.9 41.6 32.20 ± 12.06

100.1 12 20.2 34.4 36.8 37.5 40.8 30.28 ± 11.47

Contrast-to-

noise ratio

11.4 29.8 60.2 65.7 62.3 65.2 48.9 55.35 ± 13.93

0.002

20 21.4 51.8 56.3 65.5 58.8 56.9 51.78 ± 15.53

31.4 13.5 47.7 50.6 58.7 53.8 55.5 46.63 ± 16.67

40 9.1 43 45.8 49.3 48.4 53.2 41.46 ± 16.22

51.5 3 33 39.1 48.4 47 47.2 36.28 ± 17.36

60 0.7 30.6 40 44 42.2 48.6 34.35 ± 17.52

71.5 1.1 23.5 33.3 40 35 40.7 28.93 ± 14.97

80.1 1 22.2 29.6 32.9 34.3 35.3 25.88 ± 13.07

91.5 1.1 16.5 31 30.5 34.5 34.6 24.70 ± 13.35

100.1 0.7 11.7 27.5 29.5 31.7 33.8 22.48 ± 13.25

Table 2. Cavity length measured by fluid velocity.

Slice

Velocity

(cm/sec)

Entrance-flow Mid-flow Exit-flow

PMean

(mm)
SD M.P (%)

Mean

(mm)
SD M.P (%)

Mean

(mm)
SD M.P (%)

11.4 2.600 0.000 49.000 2.630 0.050 52.300 2.630 0.050 52.300

0227

20.0 2.660 0.050 55.600 2.700 0.000 59.000 2.630 0.050 52.300

31.4 2.630 0.050 52.300 2.660 0.050 55.600 2.630 0.050 52.300

40.0 2.700 0.000 59.000 2.700 0.000 59.000 2.600 0.000 49.000

51.5 2.630 0.050 52.300 2.700 0.000 59.000 2.700 0.000 59.000

60.0 2.660 0.050 55.600 2.660 0.050 59.000 2.660 0.050 52.300

71.5 2.630 0.050 55.600 2.630 0.050 55.600 2.600 0.000 55.600

80.1 2.630 2.600 52.300 2.630 0.050 52.300 2.700 0.000 49.000

91.5 2.630 0.050 52.300 2.600 0.000 49.000 2.700 0.000 59.000

100.1 2.660 0.050 55.600 2.660 0.050 55.600 2.660 0.050 55.600

Table 3. Measurement of lumen length in terms of flow veloc-

ity of 3D TOF MRA and 3D CE MRA.

Equipment
(Mean - 2.11) 

mm
P

3D TOF MRA (velocity : 40 cm/s) 0.40 0.00

3D CE MRA 0.50 0.00
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4. Discussion 

MRI has been established as the primary diagnostic tool

of brain nervous diseases with superior soft tissue contrast

than any other road tests. Cross-sectional images, anatomical

and functional images as well as an assessment of the

metabolites are possible without radiation. So it can be

called the most advanced testing method. In the early days

of clinical application, the diagnostic rate of vascular

obstruction diseases was not very high, but more than 85%

sensitivity and close to 100% specificity were shown accord-

ing to an increasingly advanced fast-resolution recording

technology in recent years [8, 9, 15]. In addition, MRA also

has been rapidly developed with the development of MRI.

MRA is with morphological and hemodynamic information

of blood vessels one field of MRI. Dual TOF MRA techni-

que mainly provides information of vascular morphology

and has been widely used because of its relatively short

duration time and high resolution images of blood vessels

[16, 17]. The principle of the TOF MRA minimize the

strength of the signal from suspended substances and maxi-

mize the signal strength of flow rate, so it can maximize the

contrast between two quantum [18]. Clinically, the strength

of flow rate at TOF MRA is greatly influenced by many

variables that are divided into the variables related to imag-

ing techniques and the nature of the fluid. First, variables

related to imaging techniques are repetition time, echo time,

flip angle and slice thickness [18]. Next, variables related to

the fluid nature include fluid velocity, flow properties and

form of the flow [18]. In particular, the reducing effect on

the signal is generated according to the speed and form of

the flow. Clinically, reflux and swirling within a blood

vessel cause signal reduction in magnetic resonance vessel

test, so it shows a different image from the actual picture

[19-22]. In order to represent the correct blood vessel

pattern, we minimized the influence from the decreasing

signal using the MIP techniques [21]. Consequently, TOF

technique was reported as sensitive to flow velocity and

form. However, the objective evaluation of image change

according to the change of blood flow rate is not reported.

In this study, we evaluated how the flow phenomena affect

the TOF images in a three-dimensional TOF MRA with

producing a real phantom. The phantom is made of a pipe

ofpolyethylene plastic material and saline was used as the

fluid. Blood is a non newton liquid with viscosity. There

are a number of factors such as red blood cells and other

particles and a pulse as well as elasticity and resistance of

the blood vessels [23, 24]. However, the present study was

conducted with some of the factors only because it is

difficult to quantify all factors. 

In this study, the signal-to-noise ratio by fluid velocity

was measured 62.91 ± 12.33 at the speed of 11.4 cm/sec. It

was the lowest with 30.28 ± 11.47 at 100.1 cm/sec. The

contrast-to-noise ratio by the fluid velocity was measured

55.35 ± 13.93 at 11.4 cm/sec. It was the lowest with 22.48

± 13.25 at 100.1 cm/sec. As a result, we know that a faster

fluid decreases the signal-to-noise ratio and the contrast-to-

noise ratio. Choi et al. [25] conducted their study with the

result that variations of the flow rate, signal-to-noise ratio

and contrast-to-noise ratio are increasing according to a

decreasing fluid velocity. The same results were obtained in

our study. It is theoretically reported the signal strength of

the fluid speed increases in proportion to the fluid velocity

until it reaches the threshold. However, in the present study,

the faster fluid velocity, the lower fluids signal intensity.

Choi et al. [25] reported it should be considered as phase

effect in addition to the TOF effect., The phase change of

spin by motion is represented by φ in the gradient echo

technique, so the speed increases in proportion to velocity

if the other variables are constant [25, 26]. In this study, the

flow rate was increased, a laminar flow was formed and the

speed difference between the center and periphery in the

laminar flow led to an increase in the phase differences

because we used saline with a lower viscosity than blood.

Therefore, it is thought that the signal strength of the fluid

was decreased due to the dispersion effect of phase. We

used one-dimensional flow-compensation-gradient magnetic

field to constantly eliminate the phase differences caused

by the fluid flowing. However, the phase differences by

various velocities were not overcome, so the signal strength

was decreased in this case [25, 27]. As a result, the fluid

velocity increasesand it is considered that the phase dis-

persion effect acts larger than the effect TOF. 

As the result of length of inner cavity by fluid velocity,

the length of inlet, middle and outlet part were measured

with each 2.66 mm with no differences, the magnification

of measured length was enlarged than actual measurement,

the inlet part was from 49 to 55.6%, the middle part was 49

to 59% and the outlet part was 49%-59%, respectively.

Choi et al. [25] measured the signal intensity of inlet and

outlet part by the contrast media. In that study, even though

the concentration of contrast agent was high, the signal

intensity changes in the inlet and outlet parts were insigni-

ficant. In this study, not the signal strength, but the length

of the actual inlet, middle, outlet part was measured. As a

result, there were no changes observed in the lengths of the

inlet part and the outlet part. The images showed larger

than actual measurement in the magnification factor. The

image may be enlarged because we used the MIP method

as image reconstruction technique. Clinically, MIP images

from MRA data are used to analyze the presence or absence

of abnormal kinds of cerebral artery disorders such as

cerebral aneurysm. MIP images are widely used because of

its high implementation rate in blood vessels [28, 29].

However, there is a disadvantage that the spatial distribu-

tion of the blood vessel is unknown because due to the

three-dimensional cerebrovascular data projected to two-

dimensional surface occurred a depth loss of information in
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the normal maximum intensity projection image. In addi-

tion, when more than two vessels overlap at the direction, it

is difficult to determine abnormalities in vessels [30, 31].

Also, the image is expanded by changing the pixels during

the course of post data processing [30, 31]. So, the enlarged

images were come from image size changes by reconstitu-

tion. 

As a limitation of this study there are a number of

differences with the real blood circulation within a human

body human because a simplified model was used for the

present study. First, the fluid viscosity is lower than blood

and T1 value shows big. T1 value is typically affected by

external conditions such as the temperature of surrounding

tissues and viscosity of the material. As concentration of

the substance increases, the video signal strength is linearly

proportional and of high strength. Therefore, it is difficult

to measure the correct signal strength comparing the fluid

material used in this study and blood flow. Second, the

blood circulation is a pulsatory flow caused by heartbeat,

but in this study we used a continuous flow with a constant

velocity. Third, fluid flow passage is different from the

actual vascular structure. Therefore, such differences should

be considered if those results were utilized in the clinical

service. 

5. Conclusion

Consequently, 3D TOF MRA shows that the signal-to-

noise ratio and the contrast-to-noise ratio is decreasing with

a faster fluid and is determined that a larger image was

displayed through this study. The characterization of the

fluid signal strength using the experimental model is

helpful to understand the principle of MRA, also it can be

used as base material to design an experimental model. 
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