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Background: Preliminary small-sample studies suggest that silent magnetic resonance angiography (MRA)
has an advantage over time-of-flight MRA (TOF MRA) in the characterization of brain arteriovenous
malformation (BAVM), but did not examine whether the imaging performance of silent MRA was affected
by the intrinsic features of BAVM or common clinical factors. This study sought to compare silent MRA and
TOF MRA in terms of the visualization and grading of BAVMs in various clinical settings.

Methods: In total, 85 participants (50 males, 35 females; mean age: 33.5+15.2 years) with BAVM who
underwent both silent MRA and TOF MRA using a 3 Tesla (3T) magnetic resonance imaging (MRI)
system were consecutively recruited from the Capital Medical University Xuanwu Hospital between April
2020 and October 2022 to participate in this cross-sectional retrospective study. The patients were divided
into subgroups according to new hemorrhage presentation, embolization, size, and nidus compactness.
Image quality scoring on a 4-point scale, and the accuracy of characteristic visulization and Spetzler-Martin
grading were compared between the two MRA techniques and each MRA subgroup using the rank-sum
Wilcoxon test and Fisher’s exact test with digital subtraction angiography (DSA) as the reference standard.
A multivariable chi-square test was used to examine the interactions between the grouping factors. A P value
<0.05 was considered statistically significant.

Results: The average image quality scores were significantly higher for silent MRA than those for TOF
MRA overall (2.83+0.42 versus 2.46+0.66, P<0.001) and in each subgroup (P<0.05). For silent MRA, the
average image quality score for BAVM in each subgroup did not differ significantly (P>0.05). For TOF MRA,
the image quality scores for the new hemorrhage, small nidus, and diffuse nidus groups was significantly
reduced (P=0.001, <0.001, and 0.037, respectively). The accuracy of silent MRA was significantly better
than that of TOF MRA in terms of nidus size and Spetzler-Martin grading (P<0.001), but did not differ
significantly in terms of deep venous drainage and associated aneurysm (P=0.402, 0.098, respectively). In

relation to silent MRA, the image quality, detection of BAVM characteristics, and grading were similar across
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the new hemorrhage, embolization, size, and compactness subgroups (P=0.066-0.959). In relation to TOF

MRA, the accuracy of nidus size grading was significantly lower in the medium-size subgroup than the small-

size subgroup (P<0.001).

Conclusions: Silent MRA performed well in imaging BAVM, and high performance in determining nidus

size and Spetzler-Martin grading, but its ability to detect deep venous drainage was limited.
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Introduction

Brain arteriovenous malformation (BAVM) is a complex
abnormal arteriovenous shunt in which arteries and veins
connect directly at the vessel nidus without a normal
intervening capillary bed (1,2). Challenges in the treatment
of BAVM include the risk of hemorrhage in the natural
history of the disease, and the risk associated with the
intervention itself (3-6). The risk of hemorrhage is closely
related to some of the characteristics of BAVM, such as
the small nidus size, deep draining veins, or associated
aneurysms (7-9). In addition, the Spetzler-Martin grading
scale, which is the most commonly used method for
predicting outcomes after microsurgery, is also based on
specific angioarchitecture. Thus, imaging techniques that
can reliably display the angioarchitecture characteristics of
BAVM need to be developed.

Digital subtraction angiography (DSA) is the gold standard
for the characterization and grading of BAVMs (10). However,
DSA is an invasive examination that carries the risk of
procedure-related complications, and is thus not suitable
for serial imaging follow-ups (11-13).In clinical practice,
three-dimensional (3D) time-of-flight magnetic resonance
angiography (TOF MRA) with multiple overlapping thin
slabs is most frequently performed to identify BAVM.
This technique does not require a contrast injection and
can depict some anatomic details of BAVM well, but it is
constrained by the saturation of spins in slow, complex,
or in-plane flow, and only offers a limited amount of
information about BAVM (14).

Based on pseudo-continuous arterial spin labeling (ASL)
and zero-time echo (zZT'E) technology (15), silent magnetic
resonance angiography (MRA) is a new imaging method
that does not use radiation or require a contrast agent
(16-18). Preliminary studies suggest that silent MRA has
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advantages over TOF MRA in depicting BAVM (19-21).
However, these studies had small sample sizes and did not
examine the performance of silent MRA in evaluating the
angioarchitecture characteristics of BAVM or whether
its imaging performance is affected by the intrinsic
characteristics of BAVM or other common clinical factors
(e.g., hemorrhage and embolization), limiting the wide
application of silent MRA in clinical settings. Therefore,
it is necessary to conduct a more thorough investigation of
this technique’s performance in different clinical situations
and limitations in displaying BAVM’s angioarchitecture and
grading to determine whether it could aid in the accurate
diagnosis of BAVM and subsequent treatment decisions.

This study sought to assess the performance of silent
MRA in the characterization and Spetzler-Martin grading of
BAVMs compared to TOF MRA. We present this article in
accordance with the STROBE reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-24-1097/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the Ethics Committee of Xuanwu Hospital
of Capital Medical University (Xuanwu Hospital, No.
2022079). Informed consent was obtained from all adult
patients. For patients under 18 years old, consent was
obtained from their parents or legal guardians.

Patients

In total, 98 consecutive patients with BAVM diagnosed
by DSA were examined between April 2020 and October
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Figure 1 Flow chart illustrating patient selection process. MRA, magnetic resonance angiography; DSA, digital subtraction angiography;

TOE, time-of-flight.

2022 using both TOF MRA and silent MRA. Patients were
excluded from the study if they met any of the following
exclusion criteria: (I) had undergone the MRA and DSA
examinations more than two weeks apart; (II) had received
microsurgery, endovascular treatment, or radiotherapy
between the MRI and DSA examinations; and/or (III)
had poor-quality images due to motion artifacts. Of the
98 consecutive patients, 13 were excluded from the study
because they received endovascular treatment between
MRA and DSA, or had motion artifacts on their MRA
images. Ultimately, 85 patients were included in the study
(of whom 35 were female and 50 were male). The patients
had a mean age of 33.5+15.2 years (range, 5-64 years). The
mean period between the DSA and MRA examinations
was 4+2.2 days (range, 0-7 days; median: 1 day). Image
quality was assessed for all the 85 patients with BAVM. The
angioarchitecture characteristic evaluation and Spetzler-
Martin grading evaluation were performed on BAVMs that
can be detected by both MRA techniques. A flow chart
illustrating the patient selection process is shown in Figure 1.

MRI protocols
The conventional MRI, silent MRA, and TOF MRA

examinations were performed during the same scan
session using a 3 Tesla (37T) system (Signa; GE Healthcare,
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Milwaukee, WI, USA) with a 48-channel head coil. The
conventional magnetic resonance imaging (MRI) protocol
included axial T2-weighted image (T2WI), and 3D sagittal
T'1 Magnetization-Prepared Rapid Acquisition Gradient
Echo (T1 MPRAGE). The TOF MRA parameters were
as follows: repetition time (TR): 25 ms; echo time (TE):
2.9 ms; slice thickness: 1.2 mm; slabs: 4; NEX: 1; bandwidth:
41.67 kHz; field of view (FOV): 20 cm x 20 cm; flip angle:
15° and total acquisition time: 6:21 min. The silent MRA
parameters were as follows: TR: 828 ms; TE: 0 ms; slice
thickness: 1.2 mm; NEX: 1; bandwidth: 25 kHz; FOV:
20 x 20 cm; matrix: 150 x 150; flip angle: 5°; total acquisition
time: 6 min 59 s; and labeling duration: 2,034 ms. 3D radial
sampling was applied during the readout scheme. To avoid
the influence of the labeled position on the results, the lower
edge of the FOV was located at the lower edge of the C2
vertebral body level in each patient (22).

Conventional angiography

DSA was conducted using a biplane system (Integris V5000;
Philips Medical Systems). Frontal and lateral views with
a frame rate of four per second were displayed. DSA was
performed by one neurosurgeon (P.H., with 10 years of
experience) who was not involved in reading either the

MRA or DSA images.
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Grouping criteria

All BAVMs were allocated to several subgroups based on the
presence of a new hemorrhage, a history of embolization,
and the size and compactness of the nidus. A new
hemorrhage was defined as hyperintensity on T1WTI that
was consistent with the patient’s clinical presentation (10).
The largest diameter of the nidus in three dimensions
was measured using DSA to determine its size (10). Nidus
dimensions were categorized as tiny (<3 cm), medium
(3-6 cm), or large (>6 cm). A BAVM was classified as
compact if the margins were clear, or diffuse if the margins
were unraveled and/or the T2WI axial view showed brain
parenchyma interspersed with the nidus (23).

Image analysis

The silent MRA and TOF MRA images were reviewed
independently by one neuroradiologist (C.W., with 12 years
of experience) and one neurosurgeon (M.D., with 8 years
of experience) using maximum intensity projection (MIP)
views in random order on a GE Healthcare Advantage
Workstation 4.7 (GE Healthcare). The two readers were
blinded to the patients’ histories and DSA results. Each
reader reviewed the silent MRA and TOF MRA images
separately. The reading interval of the two MRA sequences
was 2 weeks to avoid recall bias.

For each BAVM component (i.e., the arterial feeders,
nidus, and venous drainage), the MRA image quality
was rated as follows—3: excellent for diagnosis (clearly
detected continuously to the nidus with clearly detailed
vascular architecture); 2: adequate for diagnosis (not
necessarily clear or minor artifacts were present but did not
interfere with detailed vascular architecture); 1: doubtful
for diagnosis (poor imaging quality with a poor depiction
of the vascular architecture, but detectable); and 0: non-
diagnostic (undetectable) (12). Disagreements were resolved
by discussion to establish consensus. The overall score for
image quality in each case was the average of the component
scores.

The following characteristics of BAVM were evaluated:
the size of the nidus; the presence of deep venous drainage;
and associated aneurysms. DSA was used as the reference
standard for the characteristics, and was reviewed in
a randomized order by one neurosurgeon (J.Y.; with
10 years of experience), who was unaware of the MRA
results. For both MRA techniques, the size of the nidus in
three dimensions was determined on the basis of the MIP
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views in lateral and anteroposterior projections. The largest
diameter was recorded as the BAVM size (10). Venous
drainage was categorized as any deep venous drainage
(exclusively deep venous drainage, or superficial and deep
venous drainage) or superficial venous drainage. Associated
aneurysms were classified as intranidal aneurysms and flow-
related aneurysms located on the feeding arteries (22).

Using the Spetzler-Martin grading system (6), the
evaluation of the eloquence of the adjacent brain was
made by another neuroradiologist (Z.Z.; with 8 years
of experience) according to axial T2WI and sagittal T1
MPRAGE of all patients. Finaly, Spetzler-Martin grading
was performed for the two MRA techniques and DSA.

Statistical analysis

All the statistical analyses were performed using the
Statistical Package for the Social Sciences version 25.0
(SPSS Inc., Chicago, IL, USA). A two-sided P value <0.05
was considered statistically significant. The categorical
variables are presented as the percentage. The Shapiro-Wilk
test was used to determine whether the continuous variables
were normally distributed. The normally distributed
continuous variables are presented as the mean with the
standard deviation (SD), and the non-normally distributed
variables are presented as the median with the range. The
rank-sum Wilcoxon test was used to compare the image
quality scores and the assessment of BAVM characteristics
between silent MRA and TOF MRA, as well as between
MRA subgroups. The weighted kappa value of concordance
was computed to evaluate interobserver agreement for
the image quality score (k<0.2: poor; 0.21<k<0.40: fair;
0.41<x<0.60: moderate; 0.61<x<0.80: good; 0.81<k<0.90:
very good; and x>0.90: excellent). Fisher’s exact test was
used to compare the accuracy between silent MRA and
TOF MRA in the characterization and Spetzler-Martin
grading of BAVMs. The multivariable chi-square test was
used to examine the interactions between the grouping
factors. Bonferroni correction was used for multiple-
comparisons.

Results
Basic characteristics of patients and BAVMs

Of the 85 patients included in the study, 50 (58.8%)
patients with BAVM were untreated, and 35 (41.2%) had
received embolization before being referred to Capital
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Table 1 Distribution of demographic and related BAVM characteristics of patients

Characteristics Total (n=85) Grade | (n=17) Grade Il (n=15) Grade Ill (n=34) Grade IV (h=14) Grade V (n=5)

Demographic
Male 50 9 9 18 11 3
Median age in years [range] 33.5 [5-64] 25.6 [13-49] 35.9 [14-59] 36.7 [10-63] 32.6 [14-54] 26.8 [5-66]
Preoperative embolization 35 8 7 13 5 2

BAVM
New hemorrhage 22 9 3 4 6 0
Eloguence 47 0 5 24 13 5
Size <3 cm 26 17 6 3 0 0
Size 3-6 cm 50 0 9 30 11 0
Size >6 cm 9 0 0 1 3 5
Diffuse nidus 15 1 3 5 2 4
Deep drainage 30 0 2 11 12 5
Associated aneurysm 18 3 1 10 4 0

BAVM, brain arteriovenous malformation.

University Xuanwu Hospital, Beijing, China. Forty patients
(47.1%) had evidence of hemorrhage on MRI, of whom 22
(25.9%) had a new hemorrhage. Of the patients with partial
embolization, nine were treated with onyx and 26 with
Glubran-2 as the embolizing agent. A total of 85 nidi were
detected on DSA. The average diameter of the nidus was
41.4+22.8 mm (SD). Diffuse nidi were found in 15 patients.
The presence of deep venous drainage was observed in
30 patients (35.3%). Eighteen patients had associated
aneurysms (21.2%), of which 9 were intranidal aneurysms.
There were 17 lesions of grade I, 15 of grade II, 34 of
grade III, 14 of grade IV, and 5 of grade V in all BAVMs.
The basic characteristics of the patients and BAVMs are
summarized in Table 1.

Image quality

Of the 85 BAVMs, 83 (97.6%) were detected on silent
MRA. TOF MRA detected 80 cases (94.1%), all of which
can be seen on silent MRA (Figure I). In the evaluation of
the image quality of the arterial feeders, nidus, and venous
drainage of BAVMs on silent MRA (x=0.96, 0.82, and 0.67,
respectively, P<0.001) and TOF MRA (x=0.98, 0.59, and
0.51, respectively, P=0.002) the interobserver agreement
was fair to substantial.

The average image quality score for silent MRA was
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significantly higher than that for TOF MRA (2.83+0.42 vs.
2.46£0.66, P<0.001). The image quality of silent MRA was
superior to that of TOF MRA in depicting nidi (2.84+0.49
vs. 2.21+0.82, P<0.001), venous drainage (2.74+0.58 wvs.
2.38+0.77, P<0.001), and arterial feeders (2.94+0.33 vs.
2.78+0.68, P=0.006). The results of the subgroup assessment
of image quality based on new hemorrhage, embolization,
nidus size, and morphology are shown in Table 2. In terms
of image quality, silent MRA was superior to TOF MRA
in all subgroups. For silent MRA, the average image
quality score for BAVM in each subgroup did not differ
significantly (P>0.05). There was no interaction between
the subgroup variables. For TOF MRA, the image quality
for the new hemorrhage, small nidus, and diffuse nidus
groups were significantly reduced (P=0.001, <0.001, and
0.037, respectively) (Figures 2-4). There was a significant
interaction effect between the new hemorrhage and grading
of nidus size subgroups (P=0.031). The image quality score
was lower for small nidus in the new hemorrhage group
(P<0.001), while the image quality score was independent of
the nidus size in the non-new hemorrhage group (P=0.052).

Characterization and grading of BAVMs
In the 80 BAVMs detected by both silent MRA and TOF

MRA, the nidus size grading was significantly lower on
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Table 2 Subgroup assessment of average score of image quality on silent MRA and TOF MRA

Subgroup grading criteria Silent MRA TOF MRA P value

Total (n=85) 2.83+0.42 2.46+0.66 <0.001*

New hemorrhage
+ (n=22) 2.77+0.35 2.16+0.68 <0.001*
- (n=63) 2.85+0.36 2.55+0.46 <0.001*
P value 0.542 0.001*

Embolization
+ (n=35) 2.81+0.41 2.39+0.57 <0.001*
- (n=50) 2.85+0.32 2.50+0.52 <0.001*
P value 0.606 0.832

Nidus size
<3 cm (n=26) 2.74+0.53 2.06+0.64 <0.001*
3-6 cm (n=50) 2.92+0.21 2.65+0.37 <0.001*
>6 cm (n=9) 2.85+0.34 2.37+0.56 0.021*
P value 0.109 <0.001*

Compactness
+ (n=70) 2.86+0.35 2.50+0.51 <0. 001*
- (n=15) 2.71+0.38 2.29+0.65 0.042*
P value 0.714 0.037*

Data are presented as mean + SD. *, statistical significance. MRA, magnetic resonance angiography; TOF MRA, time-of-flight magnetic

resonance angiography; SD, standard deviation.

TOF MRA (1.6+0.7, range, 1-3) than silent MRA (1.8+0.6,
range, 1-3) and DSA (1.9+0.6, range, 1-3) (P<0.001).
There was no significant difference between the nidus size
grading on silent MRA and DSA (P=0.083) (Figures 5,6).
DSA detected 29 deep draining veins. Silent MRA missed
five deep draining veins (82.8%, 24/29) detected on DSA,
while TOF MRA did not identify seven (75.9%, 22/29)
(Figures 5B,6). DSA detected a total of 18 associated
aneurysms, including nine intranidal aneurysms and
nine flow-related aneurysms. Silent MRA detected seven
intranidal aneurysms (77.8%, 7/9) and all flow-related
aneurysms (100%, 9/9). In comparison, TOF MRA
detected two intranidal aneurysms (22.2%, 2/9) and seven
flow-related aneurysms (77.8%, 7/9) (Figure 5C).

The accuracy and comparison of the two MRA
techniques in the characterization and Spetzler-Martin
grading of BAVMs are shown in Figure 5 and Table 3. In
general, the accuracy of silent MRA in nidus size grading
and Spetzler-Martin grading was significantly higher than
that of TOF MRA (P<0.001). The accuracy of silent MRA
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in detecting deep venous drainage and associated aneurysms
was higher than that of TOF MRA, but the difference was
not statistically significant (P=0.402 and 0.098, respectively).

There was no significant difference in the accuracy of
silent MRA to detect the BAVM characteristics and perform
Spetzler-Martin grading among the various subgroups
(P>0.05) (1able 3). No interaction was observed among the
grouping variables. The accuracy of the TOF MRA in nidus
size grading was significantly lower in the medium-size
subgroup than the small-size subgroup (P<0.001).

Discussion

This study examined the performance of silent MRA and
TOF MRA in the characterization and Spetzler-Martin
grading of BAVMs using DSA as the standard. Compared
to TOF MRA, silent MRA performed better in terms of
image quality, accuracy in determining nidus size, and
Spetzler-Martin grading. In addition, the results indicated
that the performance of silent MRA was unaffected
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Figure 2 Effects of new hemorrhage on image quality using the two MRA techniques. Images of right occipital lobe BAVM in a 26-year-old

man with acute intracranial hemorrhage and diffused subdural hematoma. (A) The feeding artery, nidus, and the draining vein were visible

on silent MRA (arrow). The image quality scores are as follows: feeding artery: 3; nidus: 3, and draining vein: 3. (B) TOF MRA exhibited

diffused hyperintensity. The feeding artery was invisible, and the nidus and the draining vein were indistinct. The image quality scores are as

follows: feeding artery: 0; nidus: 1; and draining vein: 1. (C,D) The front and lateral view of the right vertebral artery angiography showed

a small nidus fed by the right posterior cerebral artery (arrows). BAVM, brain arteriovenous malformation; MRA, magnetic resonance

angiography; TOF MRA, time-of-flight MRA.

by the presentation of a new hemorrhage, a history of
embolization, nidus size, or compactness; thus, silent MRA
could be a reliable imaging tool in BAVM evaluation.
Similar to previous studies, our study used 3D MIP
images of two MRA techniques for comparison (14,20,21).
However, in terms of the study method, our study differed
from previous studies in several areas. First, TOF MRA and
silent MRA were obtained using the same magnetic field
strength and during the same examination in our study, and

the spatial resolution of both MRA techniques was the same,
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which allowed for a more accurate comparison of the two
techniques (20,21). Second, subjective scores were employed
instead of the signal-noise ratio (SNR) and contrast-to-
noise ratio (CNR) to evaluate the image quality. This
eliminated the disparity between the image SNR or CNR,
and the superiority of BAVM presentation demonstrated in
some studies (19). A study based on phantom measurements
revealed that conventional SNRs determined based on
independent signal and noise regions in a single image do

not generally correspond to the true SNR measured in
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Figure 3 The advantage of depicting small and compact nidus on silent MRA. Images of unruptured and untreated right parietal lobe BAVM

in a 23-year-old man. (A) Silent MRA visualized the nidus and draining veins (arrow). The image quality scores are as follows: feeding artery: 3;

nidus: 3, and draining vein: 3. (B) The nidus and the draining veins (arrow) were faintly seen on TOF MRA. The image quality scores are as

follows: feeding artery: 3; nidus: 2, and draining vein: 2. (C) The front view of the right internal carotid artery angiography showed the nidus

and the draining veins (arrow). MRA, magnetic resonance angiography; TOF MRA, time-of-flight MRA.

Figure 4 The advantage of depicting diffuse nidus on silent MRA. Images of a giant diffuse BAVM in the left cerebral hemisphere in a

S-year-old girl. (A) Silent MRA visualized the giant nidus (arrowhead). The image quality scores are as follows: feeding artery: 3; nidus: 3,

and draining vein: 3. (B) The nidus and the draining veins (arrowhead) were faintly seen on TOF MRA. The image quality scores are as

follows: feeding artery: 2; nidus: 1, and draining vein: 2. (C) The front view of the left internal carotid artery angiography showed the nidus

(arrowhead). MRA, magnetic resonance angiography; TOF MRA, time-of-flight MRA.

images following the application of reconstruction filters,
multichannel reconstruction, or parallel imaging (24).
Notably, we divided the sample into a variety of clinically
relevant conditions for comparative purposes to validate
the usefulness of silent MRA and establish its reliability and
its performance in different clinical situations in BAVM
imaging.

We found that compared with the gold standard DSA,
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silent MRA was able to identify all feeding arteries, the
nidus, and the vast majority of draining veins, and excelled
as a non-invasive ASL-based angiographic sequence in
displaying BAVM angioarchitecture. These results are
consistent with those reported in previous studies (25,26).
In relation to image quality, we found that the overall image
quality of silent MRA was significantly superior than that
of TOF MRA. The finding of the current study, which
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Figure 5 Determination and accuracy of BAVM characteristics on silent MRA and TOF MRA in subgroups. (A) Nidus size grading on silent
MRA and TOF MRA. (B) Determination of deep draining veins on silent MRA and TOF MRA. (C) Determination of associated aneurysms
on silent MRA and TOF MRA. (D) Spetzler-Martin grading on silent MRA and TOF MRA. BAVM, brain arteriovenous malformation;
MRA, magnetic resonance angiography; TOF MRA, time-of-flight MRA.

Figure 6 The advantage of depicting partial embolized nidus and draining veins on silent MRA. Images of right temporal lobe BAVM after
partial embolization in a 15-year-old male patient. (A) Silent MRA visualized the nidus (thick arrow) and the draining veins (arrowheads).
The image quality scores are as follows: feeding artery: 3; nidus: 3; and draining vein: 3. (B) The nidus (thick arrow) was faintly seen on TOF
MRA, while the two veins draining downward were not visualized. The image quality scores are as follows: feeding artery: 3; nidus: 2; and
draining vein: 0. (C) Lateral view of the right internal carotid artery angiography showed the nidus (thick arrow) with partial embolization
draining forward down into the cavernous sinus and back down into the straight sinus (arrowheads). MRA, magnetic resonance angiography;

TOF MRA, time-of-flight MRA.
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involved a larger sample size, was consistent with previous
studies in terms of the image quality assessment (14,20).

A further analysis showed that the image quality of
silent MRA was better than that of TOF MRA across all
subgroups. This might be due to several factors. First,
in silent MRA, inflowing spins are labeled and visualized
using distinct sequences. By subtracting the pictures with
various labeling sequences, a nearly zero background
can be produced. Superior background suppression can
help to improve the visualization of each component of
BAVM (14). Superior background suppression will have a
positive effect on clinical applications of silent MRA. For
instance, hemorrhage is the most common symptom of
BAVM. New hemorrhage may show high-signal intensity
on TOF MRA and significantly alter the display of BAVM
components or certain angioarchitecture characteristics.
In addition to hemorrhage, Holdsworth ez 4/ also found
that the application of silent MRA can also improve image
readability in the presence of some other T1 high-signal
lesions, such as Rathke’s cleft cysts or paranasal sinus
retention cysts (27). Better background suppression may
also result in there being no difference in image quality
between diffuse and compact nidus on silent MRA. Second,
in addition to better background suppression, silent MRA
is substantially less sensitive to the turbulent flow and
flow direction, as it uses zT'E and accelerated 3D radial
acquisition. This represents an advantage over TOF MRA,
and the effect is especially noticeable when evaluating
draining veins and nidus. On TOF MRA, if the nidus
drains downward, the draining vein is difficult to detect
because of signal saturation and the absence of an inflow
effect. The spin loss caused by complex or turbulent flow
in the nidus also affects the display and accurate grading
of nidus (14,16,27). Conversely, silent MRA is not affected
by turbulence. Thus, it is ideally suited for nidus depiction.
This also explains why Spetzler-Martin grading is more
accurate on silent MRA, as observed in previous studies
and the present research (20,21). Grading is vital for the
appropriate selection of candidates for microsurgical
procedures. We also showed that the high performance of
silent MRA on nidus size and Spetzler-Martin grading was
unaffected by embolization, and the size and morphology
of the nidus, which has not been reported previously. Given
its high performance on nidus visualization and grading, the
clinical usage of silent MRA could be expanded, particularly
for BAVM follow-up.

Previous studies have closely examined the evaluation of
aneurysms on silent MRA, but these studies focused on the

© AME Publishing Company.
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visualization of aneurysms after treatment (28-33), and did
not examine associated aneurysms of BAVM. In the present
study, more associated aneurysms were detected on silent
MRA, and the accuracy of silent MRA in the detection of
associated aneurysms was higher than that of TOF MRA,
but the difference was not statistically significant. However,
this might be related to the relatively small number of
associated aneurysms in the cohort.

The current study not only revealed the advantages
and good performance in different clinical situations of
silent MRA in displaying and grading BAVM, but also its
limitations in displaying deep venous drainage. Similar
to previous research, silent MRA identified more deep
draining veins than TOF MRA in this study. Nonetheless,
silent MRA was incapable of identifying every deep
draining vein. This was also observed in other similar
studies on silent MRA (19-21,34). The signal of draining
veins obtained on silent MRA depend on the T'1 value of
the local blood vessel. Because of T1 recovery, the signal
decreases with the transit time from the labeling plane (34).
Draining veins with different transit times have different
amounts of T1 recovery in silent MRA. Wu ez al.
discovered that the absence of draining veins on silent
MRA could be the result of signal decay with the blood T'1
recovery caused by slow blood flow (22). Prolonging post
label delay in silent MRA scanning may aid in resolving
this problem, but it would also result in incomplete
subtraction and degrade the image quality. To address this
issue, further studies are required. Thus, clinicians should
be very cautious in using the results of deep draining vein
determinations on silent MRA.

Our study had several limitations. First, selection bias
was unavoidable, as the data from all patients were evaluated
retrospectively. Second, we evaluated the image quality and
diagnostic performance of silent MRA in the treatment
subgroups. However, our study only included embolization
cases. Given that the treatment of BAVMs with radiosurgery
or surgical excision after clipping may have various effects
on silent MRA and TOF MRA, future studies need to
evaluate BAVMs treated with other methods. Third, a small
proportion of draining veins were not detected on silent
MRA. We hypothesize that this was mainly due to low
blood flow velocity. Future studies with larger sample sizes
need to investigate whether this is related to the diameter of
the draining veins or the image resolution of the sequence.
Finally, this study was conducted at a single institution, and
multicenter studies need to be conducted to further verify
the technique’s performance.

Quant Imaging Med Surg 2024;14(12):8974-8987 | https://dx.doi.org/10.21037/qims-24-1097



Quantitative Imaging in Medicine and Surgery, Vol 14, No 12 December 2024 8985

Conclusions

Compared to TOF MRA, silent MRA showed good
performance in determining nidus size and Spetzler-
Martin grading, making it a promising technique for BAVM
imaging. However, it should be noted that its ability to
detect deep draining veins is limited.
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