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Value of Balanced Fast Field Echo-assisted Three Dimensional Time-of-flight to 
Diagnose Intracranial Arterial Stenosis
J-Y Chen1, P-Y Chou1, P-T Chen1, Y-L Chen1, D-P Kuo1

ABSTRACT

Magnetic resonance angiography (MRA) is a non-invasive vascular imaging technique. It can 
resolve the 3D morphology and structure of the circle of Willis when used in conjunction with 
three dimensional time-of-flight (3D TOF) and maximum intensity projection (MIP) technol-
ogy. However, slow blood flow or saturation effects will cause signal loss in 3D TOF, and affect 
the accuracy of diagnosis. The balanced fast field echo (BFFE) technique employs a fully-bal-
anced gradient waveform along all three axes, which allows magnetization to reach a steady 
state, providing fluids with good signal-to-noise ratios (SNRs) and excellent tissue contrast. 
Balanced fast field echo can then be used as diagnostic pulse sequence for blood vessels or 
fluid-filled tissues. Two case reports illustrate the value of BFFE-assisted 3D TOF to diagnose 
intracranial arterial stenosis. 

Keywords: Balanced fast field echo, magnetic resonance angiography, maximum intensity projection, three 
dimensional time-of-flight

WIMJ Open 2018; 5 (2): 52

INTRODUCTION
Intracranial arterial stenosis restricts the blood supply 
to the brain, leading to impaired brain function. When 
intracranial arterial stenosis occurs, patients experience 
symptoms such as numbness of the hands, dizziness 
and even hemiplegia (1). Atherosclerosis, hypertension, 
diabetes mellitus, dyslipidaemia, smoking and a history 
of heart disease are all common risk factors for intrac-
ranial arterial stenosis (1). Other possible risk factors 
include aortic dissection, fibromuscular dysplasia and 
radiation injury (2). 

Angiography is the well-validated means of diag-
nosing cerebral arterial stenosis (3), and computed 
tomography angiography (CTA) and magnetic reso-
nance angiography (MRA) are the two most commonly 
used diagnostic tools (Table 1). 

Magnetic resonance angiography can be further 
classified into contrast-enhanced magnetic resonance 

angiography (CE MRA) and non-contrast-enhanced 
MRA [such as three dimensional time-of-flight MRA 
(3D TOF MRA)]. Of these methods, 3D TOF is com-
monly utilized to detect blood flow signals. Maximum 
intensity projection (MIP) reconstructs the raw images 
of the 3D TOF to reveal the 3D structure of the circle 
of Willis and detect-stenosis or occlusion viewed from 
different perspectives. However, slow blood flow and 
saturation effects will cause signal loss in 3D TOF, 
leading to overestimation of a stenosis.

Balanced fast field echo (BFFE) is a technique for 
diagnosing blood vessels or fluid-filled structures [such 
as cerebrospinal fluid within the ventricles, intraperito-
neal free fluid, gallbladder and common bile duct] (4). 
Balanced fast field echo typically obtains strong signals 
from blood and fluid, and the combined use of 3D TOF 
and BFFE can detect vascular stenosis (5, 6).
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In this study, we present two cases of patients to 
demonstrate the differences between 3D TOF and BFFE 
vascular imaging obtained using a 1.5T NMR scanner, 
and to compare those imaging results with CE MRA.

CASE REPORTS
An 80-year-old man presented to our otorhinolaryn-
gology clinic complaining of impaired hearing. Due 
to the patient’s renal dysfunction, a brain MRI without 
contrast was performed. In addition to conventional 
T1-weighted, T2-weighted, and fluid attenuation inver-
sion recovery (FLAIR) imaging, 3D TOF MRA and 
BFFE sequences were also performed. Three dimen-
sional time-of-flight parameters included: TR: 22 ms, 
TE: 6.9 ms, FOV: 170 x 105 mm2, and spatial resolu-
tion: 0.7 x 1 x 2 mm3. BFFE parameters were: TR: 6.9 
ms, TE: 3.5 ms, flip angle: 50°, spatial resolution: 0.6 x 
0.6 x 1 mm3, and FOV: 150 x 40 mm2. 

Maximum intensity projection MIP of the raw 3D 
TOF images showed obvious signal loss at the petrous 
segments of both internal carotid arteries, indicative of 
arterial occlusion (Figs. 1a and 1b). An examination of 
the raw images confirmed severe signal loss (Fig. 1c), 
but comparison with BFFE images at the corresponding 
levels revealed no evident stenosis (Fig. 1d). 

The second case report involved a 62-year-old 
man who also sought otorhinolaryngology care for 
impaired hearing. Since this patient's kidney function 
was normal, an MRI of the brain with contrast was 
performed. Three dimensional time-of-flight revealed 
mild stenosis (Fig. 2a), and MIP images revealed 
discontinuity of the internal carotid artery (Fig. 2c), 
while BFFE (Fig. 2b) and CE MRA images (Fig. 2d) 
turned out to be no stenosis.

DISCUSSION 
Our first case involving an elderly male patient with 
abnormal renal function who underwent MRI of the 
brain without contrast agent revealed the value of BFFE 
in 3D TOF diagnosis of cerebral vascular pathology. 
Three dimensional time-of-flight is the most common-
ly used sequence in MR angiogram because it does 
not require injection of a contrast agent. When MIP is 
used to display projections from different perspectives, 
the resulting images can provide a good perception of 
3D structure and the impression. However, complex 
(eg turbulent flow) or slow blood flow will result in 
signal loss, which may lead to incorrect estimates of 
foci based on their appearance on the images. For 
example, an aneurysm may be underestimated or a 
vascular stenosis may be overestimated (8), which may 
lead to diagnostic errors. 

The BFFE signal strength (SBal) formula can be 
expressed as (9):
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where SBal is the signal strength, M0 is the magnetic 
moment, α is the flip angle and TE is the echo time. 
According to this formula, signal strength is determined 
by the T2/T1 ratio. The T2/T1 ratio is low in the majority 
of tissues and is high in the case of fluids (Table 2).

Table 2:  T2/T1 ratios of various tissues [10]

Tissue T2/T1

Muscle 0.05

Liver 0.08

Brain 0.11

Fat 0.30

Fluid 0.70

Table 1: Baseline characteristics for haemophilia patients, in Martinique 

Method Advantages Shortcomings Remarks
CT scan Short scanning time, 

enables immediate 
inspection of intracranial 
situation

Involves radiation 
and use of an injected 
imaging agent

Fastest and most convenient examination method, enables immediate 
inspection of intracranial situation

MRI scan 3D TOF No radiation, non-invasive, 
high resolution

Relatively time-
consuming, not sensitive 
to slow blood flow

Has the best resolution of any examination method; an effective means 
of screening for vascular diseases of the head, neck and brain

CE MRA No radiation, relatively 
accurate 

Requires injected 
imaging agent, involves a 
certain degree of risk

Angiography Clear and accurate imaging 
of blood vessels 

Involves radiation, 
relatively invasive, 
relatively high risk. 

Has greater risk than the previous two methods, and a physician must 
perform an assessment before examination. Whether the carotid arteries 
and other blood vessels of the brain have any obstruction or stenosis 
can be clearly seen from photographs of the blood vessels, making this 
the "gold standard' for diagnosis of vascular diseases of the brain. 
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(a) (b)
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Fig. 1: � Dimensional time-of-flight (3D TOF) and balanced fast field echo 
(BFFE) images from an 80-year-old patient. (a, b) There are seg-
mental signal losses in the petrous portion of the bilateral internal 
carotid arteries on maximum intensity projection (MIP) images, 
findings that cause concern for arterial occlusion (c) 3D TOF image 
shows signal loss in the right internal carotid artery (arrow). (d) Bal-
anced fast field echo image obtained at the same level shows blood 
flow signal of the right internal carotid artery without evidence of 
occlusion. It can therefore be inferred that the “pseudo-occlusion” 
seen on the MIP may actually be artifacts.

(a) (b)

(c) (d)

Fig. 2: � Dimensional time-of-flight (3D TOF), balanced fast field echo 
(BFFE) and contrast-enhanced magnetic resonance angiography 
(CE MRA) images from a 62-year-old patient. (a) There appears to 
be mild stenosis of the left internal carotid artery in this 3D TOF 
image (red circle). (b) No evident stenosis is visible in this BFFE 
image at the same level. (c) Discontinuity of the artery is visible in 
this maximum intensity projection image. (d) This CE MRA image 
reveals that there is no stenosis of the left internal carotid artery. 
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Fig. 3: � Balanced fast field echo pulse sequence diagram. Balanced fast field 
echo has a fully-balanced gradient waveform, permits the magnetic 
moment to achieve a steady state and has inherently automatic flow 
compensation. Abbreviations: RF = radiofrequency, Gz = slice       
selection gradient, Gy = phase encoding gradient, Gx = frequency 
encoding gradient.

Consequently, fluids have high signal strength in 
BFFE and form a strong contrast between the surround-
ing tissues. The main advantages of BFFE include    
(11, 12):  1) rapid scanning, since TR can be reduced 
without diminution of the signal (TR < 5 ms) based         
on the above formula [where signal strength is unconn-
ected with repetition time (TR)];   2) intensification of 
signal strength due to a fully-balanced three-axis 
gradient magnetic field (Fig. 3) which allows the 
magnetic moment to remain in-phase within a TR; and 
3) inherently automatic flow compensation (Fig. 3).

However, a shortcoming of BFFE involves its 
extreme sensitivity to magnetic field inhomogeneity. 
Since magnetic field homogeneity is more difficult to 
achieve in large areas, unpredictable banding artifacts 
will appear (Figs. 4a and 4b), and signal loss may occur 
in blood vessels (Figs. 4c and 4d). However, the degree 
of blood vessel signal loss will not be as severe as in the 
case of 3D TOF. 

Patients may be allergic to contrast agents and/or 
have impaired renal function. In addition, the use of 
contrast agents is accompanied by a certain degree of 
risk, especially in the elderly. The use of 3D TOF or 
BFFE imaging sequences, however, provides adequate 
diagnosis of blood vessels without the use of a contrast 
agent. Since 3D TOF may lead to vascular signal loss, 
BFFE, with its features of fully-balanced gradient and 
flow compensation, can be employed as an auxiliary or 
to provide verification. 
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However, since BFFE is extremely sensitive to 
magnetic fi eld inhomogeneity, unpredictable banding 
artifacts will appear on the images. As a consequence, 
both 3D TOF and BFFE have their own strengths and 
weaknesses. Thus, if the interpretation of a 3D TOF 
image is indeterminate, BFFE can be used as an 
auxiliary. However, the most accurate means of diagnos-
ing vascular pathology is to inject a contrast agent.

REFERENCES
1. Chimowitz MI, Lynn MJ, Howlett-Smith H, Stern BJ, Hertzberg VS,

Frankel MR et al. Comparison of warfarin and aspirin for symptomatic
intracranial arterial stenosis. NEJM 2005; 352: 305–16.

2. Flaherty ML, Kissela B, Khoury JC, Alwell K, Moomaw CJ, Woo D 
et al. Carotid artery stenosis as a cause of stroke. Neuroepidemiology 
2013; 40: 36–41.

3. Hill MD, Demchuk AM, Frayne R. Non-invasive imaging is improv-
ing but digital subtraction angiography remains the gold standard.
Neurology 2007; 68: 2057–8.

4. Duc SR, Koch P, Schmid MR, Horger W, Hodler J, Pfi rrmann CW.
Diagnosis of articular cartilage abnormalities of the knee: prospec-
tive clinical evaluation of a 3D water-excitation true FISP sequence.
Radiology 2007; 243: 475–82.

5. Uchikoshi M, Ueda T, Nishiki S, Satou K, Wada A, Imaoka I et al. 
Fundamental study of the relation between fl ow velocity and signal
intensity in the TrueFISP sequence. Nihon Hoshasen Gijutsu Gakkai 
Zasshi. 2003; 59: 1529–34.

6. Graves M, Reid S. Non-contrast enhanced vascular imaging with MRI. 
RAD Magazine 2012; 38: 17–8.

7. Bash S, Villablanca JP, Jahan R, Duckwiler G, Tillis M, Kidwell C et 
al. Intracranial vascular stenosis and occlusive disease: evaluation with 
CT angiography, MR angiography, and digital subtraction angiography.
AJNR Am J Neuroradiol 2005; 26: 1012–21.

8. Miki H. Pitfalls in diagnosing cerebrovascular diseases using magnetic 
resonance angiography. Brain and nerve; Shinkei kenkyu no shinpo
2010; 62: 477–88.

9. Wu M-L, Ko C-W, Chen T-Y, Wu M-T, Chung H-W, Huang T-Y et al.
MR ventriculocisternography by using 3D balanced steady-state free 
precession imaging. AJNR Am J Neuroradiol 2005; 26: 1170–3.

10. Huang TY, Huang IJ, Chen CY, Scheffl  er K, Chung HW, Cheng HC. Are 
TrueFISP images T2/T1‐weighted? Magn Reson Med 2002; 48: 684–8.

11. Carr JC, Simonetti O, Bundy J, Li D, Pereles S, Finn JP. Cine MR angi-
ography of the heart with segmented true fast imaging with steady-state
precession. Radiology 2001; 219: 828–34.

12. Chung H-W, Chen C-Y, Zimmerman RA, Lee K-W, Lee C-C, Chin S-C. 
T2-weighted fast MR imaging with true FISP versus HASTE:  compara-
tive effi  cacy in the evaluation of normal fetal brain maturation. AJR Am
J Roentgenol 2000; 175: 1375–80.

Received September 29, 2017
Accepted April 18, 2018 
Published Aug 28, 2018
Online: www.mona.uwi.edu/wimjopen/article/11774 
© Chen et al 2018.
This is an open access article made freely available under Creative 
Commons Attribution 4.0 International (CC BY 4.0). Users are free to 
share, copy and adapt this work as long as the copyright holder (author) 
is appropriately and correctly credited. For more information, visit http://
creativecommons.org/licences/by/4.0/deed.en_us.

(a) (b)

(c) (d)

Fig. 4:  Magnetic fi eld inhomogeneities at diff erent locations within fi eld of 
view. (a)(b) Unpredictable imaging artifact in the form of banding 
has appeared in the image (arrows); (c)(d) and blood vessel signal 
loss (red circle) has also occurred. 




