
International Journal of Radiation Research, July 2022 Volume 20, No 3 

Evaluation of intracranial aneurysm: Comparison between 
ZTE-MRA and 3D-TOF-MRA 

INTRODUCTION 

Intracranial aneurysm is a common                           
cerebrovascular disease that often leads to a high 
incidence and mortality rates from subarachnoid 
hemorrhage (1). Therefore, selecting the most               
appropriate imaging method for diagnosis for                
treating the patient early and promptly is critical to 
saving a patient’s life. Digital subtraction angiography 
(DSA) has become the gold standard for the diagnosis 
of intracranial aneurysms. (2). However, this method 
has several important disadvantages, such as                  
invasiveness, the use of radiation, relative cost, and 
complications of arterial entrapment formation. 
Therefore, DSA is not appropriate for all patients or 
suitable for use in multiple examinations. Magnetic 
resonance angiography (MRA) is an important                 
adjunct to preoperative imaging assessment by DSA, 
and the use of MRA improves the detection rate of 
intracranial aneurysms. In addition to conventional 
angiographic techniques, such as contrast-enhanced 
MRA and three-dimensional time-of-flight MRA               
(3D-TOF-MRA), MRA uses the principles of zero echo 
time MRA (ZTE-MRA) strategies.  

This report describes a patient with an                 
ophthalmic aneurysm that was located in the right 
internal carotid artery. The patient was examined by 
DSA, ZTE-MRA, and3D-TOF-MRA preoperatively and 
postoperatively, and the imaging quality of the two 
MRA techniques was evaluated and compared. The 
advantages and disadvantages of both examinations 

were also comprehensively compared. As far as we 
know, this is the first case report comparing the             
efficiency of 3D-TOF-MRA and ZTE-MRA for                    
aneurysm imaging. 

 

Case report  
A 58-year-old female patient was admitted to the 

hospital with a sudden headache without an obvious 
cause. The patient is Han Chinese, married with one 
child, currently freelance, and income unknown. She 
had a persistent headache and pain that was tolerable 
but that was not significantly relieved by rest and 
accompanied by dizziness. She reported no                      
significant change in symptoms as a result of the 
change in body position. There was no nausea, no 
vomiting, no twitching of the limbs, and no                       
impairment of limb movement. The patient had an             
8-year history of hypertension and had a cerebral 
hemorrhage 8 years earlier. The patient had no               
history of hereditary or psychiatric disorders in close 
family members in three generations. On physical 
examination, no obvious abnormal manifestations 
were found, except for blurred vision and weak              
muscles around the lip. Contrast-enhanced magnetic 
resonance imaging (CE-MRI) of the brain performed 
at an external hospital showed an occupational lesion 
in the right temporal lobe. The patient was admitted 
to the hospital to improve the relevant laboratory 
indicators, and no significant abnormalities were  
observed.  

DSA   examination   at   our   hospital   revealed   an            
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aneurysm in the ophthalmic segment of the right  
internal carotid artery with a size of approximately 
3mm×7mm. No abnormality was found in the rest of 
the blood vessels. The family members of the patient 
requested surgical treatment. Stent-assisted                    
interventional embolization of the ophthalmic              
aneurysm of the right internal carotid artery was  
performed after the preoperative examination. Both 
ZTE-MRA and 3D-TOF-MRA were performed before 
and after the operation. The operation went smoothly, 
and postoperative symptomatic support treatments, 
such as nerve nutrition and fluid replacement, were 
administered. The patient recovered well and was 
discharged from the hospital.  

The imaging results by the two MRAs scanned by a 
Discovery MR750w 3.0T system (General Electric 
Healthcare, GE, Milwaukee, WI, USA). Standard               
8-channel orthogonal head and neck coils were used, 
and the parameters and methods were the same for 
both of the scans. The DSA imaging machine is from 
Philips (Netherlands). The post-processing                   
workstation use GE AW4.6 software, which uses the 
maximum density projection (MIP) to reconstruct the 
original images from the ZTE-MRA and 3D-TOF-MRA 
scans to obtain MRA images. 

 
 

DISCUSSION 
 

Intracranial aneurysm refers to the abnormal  
eminence caused by the injury of the local vascular 
wall of the internal cerebral artery. The incidence of 
intracranial aneurysm is high, at approximately 3%–
4%, and rupture often leads to mortality (3).                 
Therefore, regular monitoring for and accurate              
diagnosis of intracranial aneurysms are critical. DSA 
has been regarded as the gold standard for the            
diagnosis of cerebrovascular diseases (4). However, 
wide clinical application of DSA is limited because of 
several issues, such as the invasive techniques, risk of 
renal insufficiency, and hyperthyroidism caused by 
contrast media (5). 3D-TOF-MRA uses blood flow        
enhancement to form the MR signal. However, slow 
blood flow is usually unable to image clearly because 
of radio frequency saturation (6). ZTE-MRA imaging 
combines the zero echo time technique with the 
pseudo-continuous arterial spin labeling technique to 
avoid interference of blood flow velocity, blood flow 
direction, and magnetic susceptibility artifacts(7). ZTE
-MRA accurately shows lesions with a small diameter 
and the relationship with the parent artery. Figure 1 
shows the preoperative MRA image of a patient with 
an ophthalmic segment aneurysm of the right               
internal carotid artery. There are high signal                
thrombus components in the tumor lumen, and the 
3D-TOF-MRA (figure 1A) reconstruction map shows 
the real tumor cavity (figure 1B), which is consistent 
with the results of DSA (figure 1C). The 3D-TOF-MRA 
reconstruction map still shows the real tumor cavity 

724 

using the silhouette technique used by ZTE-MRA,  
minus the thrombus components in the background. 
In addition, 3D-TOF-MRA has been used to evaluate 
embolized intracranial aneurysms. However, the         
uneven magnetic field caused by stents and coils af-
fects the image quality of stent lumen, and the short 
T1weighted imaging signal of intra-sac thrombosis is 
similar to that of aneurysm sac residues (8). This leads 
to an inaccurate assessment of aneurysm sac residues 

(9). ZTE-MRA minimizes the effects of uneven              
magnetic fields and eddy current electric fields and 
reduces the effects of stents and coils. Labeled blood 
was also used as an endogenous contrast agent (10). 
This avoids the turbulence, slow flow, and                    
false-negative blood signal caused by vascular                 
tortuous blood vessels and lesions (11), so that the 
stenosis in the stent and the residual tumor cavity 
can be more accurately evaluated. The accuracy and 
stability of imaging quality are improved. Images of 
stent-assisted embolization in the treatment of          
ophthalmic aneurysms of the right internal carotid 
artery are shown in figure 2. 3D-TOF-MRA showed 
that the enhancement of intracapsular thrombus can 
lead to false-positive residue. The embolized lumen of 
the tumor was not shown because of the signal loss 
caused by the stent, and the ophthalmic segment of 
the right internal carotid artery was also not clearly 
shown (figure 2A). Both ZTE-MRA and DSA showed 
the tumor lumen after embolization (figures. 2B and 
2C). Together these findings indicate that compared 
with the intensity on 3D-TOF MRA, the signal                
intensity of the residual lumen displayed by                      
ZTE-MRA was higher and more uniform, and the 
boundary was clearer and sharper. In addition, the 
display of the lumen in the parent artery stent was 
significantly better with ZTE-MRA than that of the 3D
-TOF-MRA. Therefore, these results indicate that            
ZTE-MRA can better evaluate the embolization effect 
of intracranial aneurysms compared with 3D-TOF-
MRA, demonstrating its clinical practicability and 
reliability. We speculate that this MRA method can be 
widely used in the future after further development. 
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Figure 1. Aneurysm located in 
the ophthalmic segment of 

the right internal carotid  
artery. 3D-TOF-MRA imaging 

showing tumor cavity (A,  
arrow). ZTE-MRA imaging 
showing tumor cavity (B,  

arrow) DSA imaging showing 
tumor cavity (C, arrow). 

 [
 D

O
I:

 1
0.

52
54

7/
ijr

r.
20

.3
.3

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-0

8-
23

 ]
 

                               2 / 4

http://dx.doi.org/10.52547/ijrr.20.3.30
http://ijrr.com/article-1-4395-en.html


 

ACKNOWLEDGMENTS 
We would like to thank Professor Lin Sha, the scientific 
adviser, for his significant contributions in guiding and 
developing the content of this study. 
 
Funding Statement: No funding was available for 
this research. 
Ethical Statement: The study was performed accord-
ing to Helsinki. All procedures performed in research 
involving human participants meet institution and/or 
the National Research Council ethical standards. 
Conflict of Interest: The author of this research is not 
involved in a conflict of interest.   
Author contribution: Conceptualization: L.Sh. Data 

curation: J.B.L, X.Q, Zh.Ch.; Formal analysis: J.Bo.L, 
X.Q, Zh.Ch.; Investigation: L.Sh.; Methodology: L.Sh.; 
Project administration: J.Bo.L, L.Sh.; Resources: J.B.L, 
L.Sh.; Software: J.B.L, X.Q, Zh.Ch.; Supervision: L.Sh.; 
Validation: L.Sh.; Visualization: L.S.; Writing-original 
draft: J.B.L, L.Sh.; Writing-review & editing: J.B.L, L.S. 

 
 

REFERENCES 
 
1. Liu Z, Ajimu K, Yalikun N, Zheng Y, Xu F (2019) Potential therapeu-

tic strategies for intracranial aneurysms targeting aneurysm path-
ogenesis. Front Neurosci, 13: 1238. 

2. Marbacher S, Halter M, Vogt DR, et al. (2021) Value of 3-
dimensional digital subtraction angiography for detection and 
classification of intracranial aneurysm remnants after clipping. 
Oper Neurosurg (Hagerstown), 21(2): 63-72. 

3. Gottwald LM, Toger J, Markenroth Bloch K, et al. (2020) High 
Spatiotemporal Resolution 4D Flow MRI of Intracranial Aneurysms 
at 7T in 10 Minutes. AJNR Am J Neuroradiol, 41(7): 1201-8. 

4. Howard BM, Hu R, Barrow JW, Barrow DL (2019) Comprehensive 
review of imaging of intracranial aneurysms and angiographically 
negative subarachnoid hemorrhage. Neurosurg Focus, 47(6): E20. 

5. Zhu C, Wang X, Eisenmenger L, et al. (2019) Surveillance of unrup-
tured intracranial saccular aneurysms using noncontrast 3D-black-
blood MRI: Comparison of 3D-TOF and contrast-enhanced MRA 
with 3D-DSA. AJNR Am J Neuroradiol, 40(6): 960-6. 

6. Igase K, Igase M, Matsubara I, Sadamoto K (2018) Mismatch be-
tween TOF MR angiography and CT angiography of the middle 
cerebral artery may be a critical sign in cerebrovascular dynamics. 
Yonsei Med J, 59(1): 80-4. 

7. Shang S, Ye J, Luo X, Qu J, Zhen Y, Wu J (2017) Follow-up assess-
ment of coiled intracranial aneurysms using zTE MRA as com-
pared with TOF MRA: a preliminary image quality study. Eur Radi-
ol, 27(10): 4271-80. 

8. Song Y, Qi P, Huang J, et al. (2020) Application of zero echo time 
MR angiography in follow-up of intracranial aneurysm remnant 
and in-stent lumen after embolization: a comparison study with 
digital subtraction angiography. Acta Radiol, 61(4): 480-6. 

9. Marciano D, Soize S, Metaxas G, Portefaix C, Pierot L (2017) Fol-
low-up of intracranial aneurysms treated with stent-assisted 
coiling: Comparison of contrast-enhanced MRA, time-of-flight 
MRA, and digital subtraction angiography. J Neuroradiol, 44(1): 44
-51. 

10. Shang S, Ye J, Dou W, et al. (2019) Validation of Zero TE-MRA in 
the Characterization of Cerebrovascular Diseases: A Feasibility 
Study. AJNR Am J Neuroradiol, 40(9): 1484-90. 

11. Wu H, Block WF, Turski PA, Mistretta CA, Johnson KM (2013) 
Noncontrast-enhanced three-dimensional (3D) intracranial MR 
angiography using pseudocontinuous arterial spin labeling and 
accelerated 3D radial acquisition. Magn Reson Med, 69(3): 708-
15.  

Lyu et al. / Comparison between ZTE-MRA and 3D-TOF-MRA 725 

Figure 2. Stent-assisted          
interventional embolization of 

aneurysm located in the          
ophthalmic segment of the 
right internal carotid artery.  

3D-TOF-MRA imaging showing 
tumor cavity (A, arrow). The 
ophthalmic segment of the 

right internal carotid artery is 
unclear (A, double arrow).           
ZTE-MRA imaging showing 

tumor cavity (B, arrow). DSA 
imaging shows the tumor        

cavity (C, arrow). 
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