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Evaluation of Cerebral Arteriovenous Shunts: A Comparison of Parallel Imaging

Time-of-Flight Magnetic Resonance Angiography (TOF-MRA) and Compressed

Sensing TOF-MRA to Digital Subtraction Angiography.
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Abstract

Purpose: Time-of-flight (TOF)-MR angiography (MRA) is an important imaging
sequence for the surveillance and analysis of cerebral arteriovenous shunt (AVS),
including arteriovenous malformation (AVM) and arteriovenous fistula (AVF).
However, this technique has the disadvantage of a relatively long scan time. The aim of
this study was to compare diagnostic accuracy between compressed sensing (CS)-TOF
and conventional parallel imaging (PI)-TOF-MRA for detecting and characterizing
AVS.

Methods: This study was approved by the institutional review board for human studies.
Participants comprised 56 patients who underwent both CS-TOF-MRA and PI-TOF-
MRA on a 3-T MR unit with or without cerebral AVS between June 2016 and
September 2018. Imaging parameters for both sequences were almost identical, except
the acceleration factor of 3x for PI-TOF-MRA and 6.5% for CS-TOF-MRA, and the
scan time of 5 min 19 s for PI-TOF-MRA and 2 min 26 s for CS-TOF-MRA. Two
neuroradiologists assessed the accuracy of AVS detection on each sequence, and
analyzed AVS angioarchitecture. Concordance between CS-TOF, PI-TOF and digital
subtraction angiography was calculated using unweighted and weighted kappa statistics.

Results: Both CS-TOF-MRA and PI-TOF-MRA yielded excellent sensitivity and
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specificity for detecting intracranial AVS (Reviewer 1: 97.3%, 94.7%; Reviewer 2:
100%, 100%, respectively). Interrater agreement on the angioarchitectural features of
intracranial AVS on CS-MRA and PI-MRA was moderate to good.

Conclusion: The diagnostic performance of CS-TOF-MRA is comparable to that of PI-

TOF-MRA in detecting and classifying AVS with a reduced scan time under 2.5 min.

Keywords
compressed sensing; parallel imaging; MR angiography; arteriovenous malformation;

arterial venous fistula.

Abbreviations

compressed sensing, CS; parallel imaging, PI; MR angiography, MRA; arteriovenous
malformation, AVM; arterial venous fistula, AVF; digital subtraction angiography, DSA;
arteriovenous shunt, AVS; Spetzler-Martin grade, SM grade; cortical venous reflux,

CVR; positive predictive value, PPV; negative predictive value, NPV



A Self-archived copy in

[N Y, RBREFHWEER)KES ~Y
Pl #ﬁ j( ? Kyoto University Research Information Repository %

KYOTO UNIVERSITY https://repository.kulib.kyoto-u.ac.jp

Introduction

Cerebral arteriovenous malformations (AVMs) and arteriovenous fistulas

(AVFs) are congenital or acquired diseases characterized by arteriovenous shunt (AVS),

which is a direct communication between the arterial and venous circulation without the

capillary bed [1,2]. Patients with AVS carry certain risks of hemorrhagic complications

[3,4]. Moreover, AVS may present with other serious neurological complications such

as venous infarction [5,6]. Delayed diagnosis can thus lead to significant morbidity and

mortality [7].

Imaging has played a pivotal role in the management of patients with AVS,

since detailed information about the architecture and flow dynamics of AVS is essential

for establishing an adequate diagnosis and selecting appropriate therapeutic approaches.

Spetzler-Martin (SM) grade is a commonly used classification system for AVM based

on eloquence, size and venous drainage pattern in patients with AVM [8]. Surgery is the

treatment of choice for patients with grade 1 or 2 AVM, whereas patients with a higher

grade generally undergo multimodal therapy or watchful waiting [9]; either option

requires frequent follow-up. Borden proposed a classification for AVF based on the site

of venous drainage and the presence or absence of cortical venous drainage [10]. Type |

AVF usually shows clinically benign behavior, being either identified incidentally or
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from minimal symptoms. This type of AVF can be treated conservatively. However,

AVFs with cortical venous reflux (type II or III) should receive treatment because they

carry an increased risk of hemorrhage or non-hemorrhagic neurological deficit [11].

Digital subtraction angiography (DSA) remains the gold standard in the

evaluation of AVS, thanks to its high spatial and temporal resolutions and high

interobserver agreement. However, this invasive technique carries a risk of neurological

complications and adverse reactions associated with the contrast agent as well as the

exposure to ionizing radiation during the procedure. Various non- or less-invasive

imaging techniques have thus been applied to the evaluation of AVS [12-22]. Time-of-

flight (TOF)-MRA has been the most widely used of these in clinical practice. Past

studies have identified TOF-MRA as a sensitive tool for detecting AVS without contrast

material [23-28]. Even with parallel imaging (PI), a widely used method for k-space

undersampling, TOF-MRA requires a long scanning time, since both wide scan

coverage and high resolution are required in the assessment of AVS due to its complex

angioarchitecture and hemodynamics. Acceleration factors in PI are limited to low

numbers (typically to 2-3x) by the associated increase in noise.

Recently, compressed sensing (CS) has been introduced to clinical settings [29-

33]. This technique provides an innovative approach to undersampling k-space, through
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exploitation of the underlying sparsity in the appropriate transform domain, promising
higher acceleration. The source image of TOF-MRA mostly consists of scattered
“white” arteries and “black” brain parenchyma, which are thus considered
mathematically sparse. In addition, wavelet transformation of MR images makes the
resulting image sparse in the wavelet transform domain [34]. The utility of CS has been
demonstrated in various MR imaging applications, including TOF-MRA. Previous
studies have shown that CS-TOF-MRA provides a clinically acceptable quality of
maximum intensity projection images, even with 5x acceleration [33]. With the
advantage of this accelerated sequence, an increase of spatial coverage (for example,
whole-brain coverage) can be achieved within a clinically acceptable scan time.
CS-TOF-MRA has been successfully applied to the evaluation of different
kinds of vascular pathologies, including intracranial aneurysm [33], moyamoya disease
[31] and arterial stenosis [35-37]. However, to the best of our knowledge, the utility of
CS-TOF-MRA in the evaluation of AVS has not been well investigated. In addition, few
studies have referred to the concordance between CS-TOF-MRA and other imaging
modalities, such as DSA [36]. The current study aimed to determine whether CS-TOF-
MRA is useful for AVS in comparison with PI-TOF-MRA and DSA by focusing on

detection and evaluation of the angioarchitectural features of AVS.
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Methods

Patients

This retrospective study was approved by the local institutional review board

and the need to obtain written informed consent was waived. A total of 153 patients who

had undergone both CS-TOF-MRA and PI-TOF-MRA in another prospective study

between June 2016 and September 2018 were enrolled in this study (Figure 1). No

subsets of this patient population have not been published in the past with a research

focus not presented in the current article. Patients who underwent any treatment during

the interval between DSA and MRI (n=2), or who had scalp AVM (n=1) or AVF (n=1)

were excluded. We then excluded 1 patient with AVF diagnosed based solely on MRI

findings from the following analyses because no DSA was performed for this patient.

We also excluded 92 patients without evidence of AVS who did not undergo DSA or

CTA within 1 year of the MRI examination.

Analysis 1, Detection of intracranial AVS: First, we assessed the accuracy of CS-TOF-

MRA and PI-TOF-MRA to detect intracranial AVS. We chose negative controls, which

consisted of patients without any evidence of AVS confirmed on DSA or CTA (n=19)

which were performed within 1 year of MRI examination. We then also chose patients
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with known intracranial AVS confirmed by DSA (n=37: AVM, n=28; AVF, n=9) (Figure
1).

Analysis 2, Angioarchitecture analysis of AVS: For further analysis of the
angioarchitecture of AVS, we included 13 patients with AVM and 7 patients with AVF
who underwent MRI examination and DSA within 1 year (Figure 1) [38]. The median
interval between DSA and MRA was 4 days (range, 1-272 days) for patients with AVM

and 2 days (range, 1-363 days) for patients with AVF.

MR angiography

We performed all MRA examinations using a 3-T MR imaging system
(MAGNETOM Skyra; Siemens Healthcare, Erlangen, Germany) with a 32-channel
head coil. Imaging parameters for PI-TOF-MRA were as follows: TR/TE, 20-21/3.7 ms;
flip angle, 18-20°; FOV 187.3 x 220 mm?; matrix size, 328 x 384; slice thickness, 0.7
mm; phase partial Fourier factor, 7/8; number of slabs, 4-5; total slab thickness, 10.2—
12.6 cm; acceleration factor, generalized autocalibrating partially parallel acquisition
(GRAPPA) 3x; integrated reference scan. Scan time was 4 min 15 s—5 min 19 s,
depending on the head and lesion size. Imaging parameters for the prototype CS-TOF-

MRA were as follows: TR/TE = 20/3.7 ms; flip angle, 18°; field of view, 187.3 x 220
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mm; matrix size, 328 x 384 slice thickness, 0.7 mm; slice resolution, 50%; slice per
slab, 44; number of slabs, 5, 180 slices; total slab thickness, 12.6 cm; acceleration
factor, 6.5%; and integrated reference scan. Images were automatically interpolated to a
652 x 768 matrix, and final resolution became 0.29 x 0.29 mm. Scan time was 2 min 26
s, while the CS reconstruction time was 5 min 32 s for 10 iterations at an on-line main

console.

DSA examination

All DSA examinations were obtained using an AXIOM-Artis biplane system
for conventional angiography (Siemens Healthcare) with Iohexol 300 (Fuji Pharma,
Tokyo, Japan). Selective angiographies were acquired using 6 - 8 ml of the contrast
agent at a rate of 2.5 - 4 ml/s. The images were obtained with 1024 x 1024 matrix and
FOV of 29.7cm. All biplane DSA acquisitions were obtained with temporal resolution
ranging from a minimum of 2 frames/s to 6 frames/s in standard projections with

injection in both ICAs and at least one vertebral artery.

Interpretation of DSA (reference standard)

DSA examinations were interpreted by two board-certified neurosurgeons
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(K.Y., H.K.) together, both with 26 years of experience. The reported results of those
examinations regarding the presence, location, and classification of the AVM and AVF

were used as the reference standard.

Detection of AVS (Analysis 1)

MRI examinations were interpreted by two board-certified radiologists (Y.F.,
S.N., with 23 years and 14 years of experiences in neuroradiology, respectively). The
readers were asked to identify the presence or absence of AVS in Analysis 1. With the
source image of TOF-MRA, an AVS was defined as enlarged and dilated serpiginous

vessels and/or direct visualization of the fistulous point/nidus [27].

Angioarchitecture analysis of AVS (Analysis 2)

The same reviewers evaluated the angioarchitecture of the AVS based on the
following criteria: 1) eloquence of adjacent brain; 2) size of nidus; 3) pattern of venous
drainage; and 4) SM grade for AVM or Borden grade for AVF based on the pattern of
cortical venous reflux (CVR) [10]. If asymmetric dilatation and/or flow-related signal of
deep venous structures was observed on TOF-MRA, deep venous drainage was

categorized as positive. CVR on TOF-MRA was evaluated based on findings including
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abnormal dilatation, flow-related enhancement, and presence of medullary or pial veins

[16].

Statistical analysis

Sex and age were compared using Fisher’s exact test and Wilcoxon ranked sum test

between patients with AVS and without AVS.

We calculated standard diagnostic accuracy parameters (sensitivity, specificity,

and positive and negative predictive values) for the detection of AVS in Analysis 1 and

venous reflux of AVM in Analysis 2. These probabilities are listed for each reader either

on CS-TOF-MRA or on PI-TOF-MRA.

Concordance of the angioarchitectures of AVMs and AVFs between CS-TOF,

PI-TOF and DSA was calculated with unweighted and weighted kappa statistics

[13,14,25]. Concordance values were interpreted as follows: x value of 0, poor

agreement; x values of 0.01-0.20, minor agreement; x values of 0.21-0.40, fair

agreement; x values of 0.41-0.60, moderate agreement; x values of 0.61-0.80, good

agreement; and « values of 0.81-1, excellent agreement. Values of p < 0.05 were

considered statistically significant. Statistical analyses were performed using STATA

version 13 software (StataCorp, College Station, TX, USA).
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Results

Detection of AVS (Analysis 1)

Table 1 summarizes the patient characteristics of Analysis 1. Nidus size ranges

from 13 to 90 mm (median size, 35mm). Thirty-six of the 37 cases with AVS were

correctly identified by Reader 1 on both CS-TOF and PI-TOF. All cases with AVS were

correctly identified by Reader 2 on both CS-TOF and PI-TOF. All 19 cases without AVS

were correctly identified as negative for AVS by both readers on each type of MRA. The

sensitivity and specificity per image sequence per reader are summarized in Table 2.

Angioarchitecture analysis of AVS (Analysis 2)

Tables 3 and 4 summarize the patient characteristics of Analysis 2.

AVM

Reader 1 correctly detect 4 of the 6 cases with venous reflux, while reader 2

detect 5 out of the 6 cases on CS-TOF and PI-TOF. The sensitivity and specificity of

venous reflux per image sequence per reader are summarized in Supplementary Table.

As for SM-classification, reader1 correctly classified 8 cases of AVM on CS-TOF and 9

cases on PI-TOF, while reader 2 correctly classified 10 out of 13 cases of AVM on both
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sequences. The inter-rater concordance of CS-TOF and PI-TOF for AVM evaluation is

shown in Table 5. Intra-rater concordance between CS-TOF-MRA and PI-TOF-MRA

for agreement on the SM-classification was excellent for both readers (0.84 for Reader

1; 1 for Reader 2). Inter-rater reproducibility was also excellent for agreement on the

SM-classification between both readers. Weighted kappa statistics revealed values of

0.49 (CS-TOF-MRA) and 0.59 (PI-TOF-MRA) for agreement on SM grade between

Reader 1 and DSA. Weighted kappa statistics revealed a value of 0.68 for agreement on

SM grade between Reader 2 and DSA. Representative cases are shown in Figures 2 and

AVF

Intra-rater concordance between CS-TOF-MRA and PI-TOF-MRA was perfect

(x=1) for both readers. Both readers correctly classified 6 of the 7 cases of AVF. Inter-

image sequence reproducibility was moderate (k=0.58, p=0.04) for agreement on

Borden-classification TOF-MRA and DSA for both readers. A representative case is

shown in Figure 4.

Discussion

The current study evaluated the diagnostic accuracy of whole-brain CS-TOF-
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MRA 6.5x for detecting AVS in comparison with PI-TOF-MRA, using DSA as the
reference standard. Our results showed that CS-TOF-MRA is an effective tool for
detecting and classifying intracranial AVS, even within the reduced scan time under 2.5
min.

We demonstrated excellent performance of CS-TOF-MRA for delineating AVS
with high sensitivity and specificity. This was in line with past studies showing TOF-
MRA as a versatile tool for detecting AVS. Past studies have reported that clinical MRA
including TOF-MRA was useful in the detection of AVS with 90-91.7% sensitivity and
94.4-100% specificity [25,27]. Regarding the fact that extracranial vessels, such as the
occipital and middle meningeal arteries, often feed intracranial AVF, MRA of the whole
brain at high resolution would be optimal for assessing AVF. In clinical practice,
however, TOF-MRA usually provides limited spatial coverage due to the long scan
time, which may hinder the detection of AVS. In fact, evaluation of AVF was inadequate
in 9% of patients because the shunt site was outside the image volume on TOF-MRA
[24]. On the other hand, CS-TOF-MRA has its own advantage of a wide scan volume
coverage within a short scan time. In the current study with CS-TOF-MRA, whole-brain
coverage can be achieved within 2.5 min, making this totally feasible as a clinical

routine. CS-TOF-MRA has become a clinically useful image sequence thanks to this
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short scan time, and the large scanning coverage would be particularly beneficial in

screening for AVS.

Our study also demonstrated that the inter-modality agreement of CS-TOF-

MRA with DSA as the reference standard was moderate to good in evaluating the SM

grade of AVM. Our result was in accordance with a past study that reported inter-

modality agreement on AVM characteristics between TOF-MRA and DSA as moderate

when rated by an experienced neuroradiologist [ 13]. We also found that CS-TOF-MRA

was useful not only for detection, but also for evaluation of AVF in terms of Borden

classification, which is based upon the site of venous drainage and the presence or

absence of cortical venous drainage [10]. Schubert et al. found that inter-modality

agreement of the Borden classification between clinical MRA and DSA varied from 0.2

to 0.58 in 6 patients with AVF [25], consistent with our results. The good inter-modality

agreement in our study was partly due to the relatively high spatial resolution of CS-

TOF-MRA, which can facilitate the anatomical assessment of AV'S, such as size of the

nidus. Previous studies have suggested that CS-TOF-MRA offers a better signal-to-

noise ratio [33,37], which may also help the readers’ evaluation of AVS consisted of

small-caliber feeders or drainers.

This study has several limitations that warrant consideration. First, this was a
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retrospective study at a single center, and the number of patients was relatively small, so

the results might be skewed. It should be noted that we did not included patients with

micro AVM (i.e. nidus size = 10 mm), which may be difficult to detect with TOF-

MRA [14]. Second, Analysis 1 included patients with intracranial pathologies other than

AVS as controls, which represent a source of selection bias. Third, there are minor

differences in imaging parameters between CS-TOF-MRA and PI-TOF-MRA in some

patients, which may be a weakness of this study. Fourth, no optimization was performed

for the current CS-TOF-MRA 6.5%. The current prototype CS-TOF-MRA had been

developed after the first prototype of CS-TOF-MRA used in the previous article [39],

and the image quality had been interpreted as acceptable internally. Fifth, CS- and PI-

TOF-MRA demonstrated moderate to good agreement with DSA in terms of venous

reflux and SM grade of AVM. As shown in this study, it should be noted that TOF-MRA

alone can be sometimes insufficient to evaluate cerebrovascular lesions, because TOF-

MRA offers limited information about hemodynamics. TOF-MRA poorly delineates

venous reflux, especially when the pattern is complex, that is, in any direction other

than inferior to superior. TOF-MRA offers limited sensitivity and specificity for

detecting drainage veins of AVM or venous reflux of AVF. Miyasaka et al. demonstrated

that 6 of 27 drainage veins remained undetected on conventional TOF-MRA [18]. This
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may be due to the slow speed and complex directions of flow, leading to less inflow

enhancement. In fact, several studies have shown the advantages of other advanced

imaging techniques such as 4D-MRA, susceptibility-weighted imaging, and arterial spin

labeling over TOF-MRA in the evaluation of AVS [13,14,18,25,27], at least in terms of

concordance with DSA findings. These advanced sequences have specific advantages

such as little effect of T1 shortening and detailed hemodynamic information. However,

these advanced sequences also show limitations such as longer scanning time or limited

availability, depending on vendors and research sites. Moreover, some techniques

require contrast injection to evaluate flow dynamics [19,21,40]. Taking these

characteristics into account, we believe these advanced image sequences should be used

for selected patients with a high suspicion of AVS. On the other hand, regarding the

reduced scanning time and large volume coverage, CS-TOF-MRA can be an efficient

screening or monitoring tool for AVS with a reasonable concordance rate with DSA.

Furthermore, the CS technique is used to either shorten the temporal footprint [30] or to

increase spatial resolution within the same scan time [37], which may be applicable to

further characterization of AVS.

In conclusion, CS-TOF-MRA yields comparable diagnostic performance in the

detection and classification of AVM and AVS to that of PI-TOF-MRA, while reducing
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the scan time of under 2.5 min, without any degradation of image quality.
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Figure legends

Fig. 1
Flow diagram for inclusion in and exclusion from this study. Note that Analysis
1 represents detection of AVS, and Analysis 2 represents analysis for AVS

angioarchitecture.

Fig. 2

A 50-year-old man with temporal AVM. DSA (a) of the left internal artery
shows a large AVM (arrow) in the left temporal lobe. Frontal maximum intensity
projection of PI-TOF-MR angiography (b) and CS-TOF-MR angiography (c)

successfully visualize feeders, nidus and drainer of AVM (arrow).

Fig. 3
A 19-year-old woman with left parietal AVM. Dyna-CT angiography (a), MIP
images of PI-TOF-MRA (b) and CS-TOF-MRA (c) successfully delineate abnormal

feeders from the left MCA and PCA, and nidus (arrow).
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Fig. 4

A 68-year-old man with left anterior condylar confluence dural AVF. Volume

rendering image of DSA (a), frontal maximum intensity projection of PI-TOF-MR

angiography (b) and CS-TOF-MR angiography (c) visualize the dural AVF (arrow).

Dyna-CT angiography (d) of the left VA demonstrates arteriovenous shunt from the

dural branch of the left VA. Source images of PI-TOF-MRA (e) and CS-TOF-MRA (f)

successfully delineate abnormal flow-related enhancement (arrow) surrounding the left

internal jugular vein.
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Table 1.

Participant characteristics (Analysis 1)

AVS (+)
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AVS (-)

Number of Patients 37

Mean age (years) 46.6 £ 20.6

Female / Male F17,M 20
Diagnosis
AVMs 28
AVFs 9
Aneurysms untreated 11
Aneurysms treated 0
Stenosis 1

None of the above 0

19
559+134 | _q1q

FI2M7 -9
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Table 2.

Detection of AVS in CS-TOF-MRA and PI-TOF-MRA (95% CI) (Analysis 1)
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. No o e

Shunting shunting Sensitivity Specificity PPV NPV
CS-TOF

oositive S0 0 97.3% 100% 100% 94.7%

(85.8 - (82.4. - (90.3 - (75.1 -

CS-TOF 1 19 99.9%) 100%) 100%) 99.9%)
negative

Reader 1

PI-TOF

positive <0 0 97.3% 100% 100% 94.7%

(85.8 - (82.4 - (90.3 - (75.1 -

PI-TOF 1 19 99.9%) 100%) 100%) 99.9%)
negatlve
CS-TOF

positive 37 0 100% 100% 100% 100%

(90.5 - (82.4 - (90.5 - (82.4 -

CS-TOF 0 19 100%) 100%) 100%) 100%)
negative

Reader 2

PI-TOF

positive o' 0 100% 100% 100% 100%

(90.5 - (82.4 - (90.5 - (82.4 -

PI-TOF 0 19 100%) 100%) 100%) 100%)
negatlve

positive predictive value, PPV; negative predictive value, NPV.
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AUC

0.99
(0.96-
1.00)

0.99
(0.96-
1.00)
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Table 3

Characteristics of patients with AVM (Analysis 2).

Sex Age Location Eloquence \éZ?ﬁJ lf’ g?:c/ile Hisltglr_)( of Size (mm)
M 16  Hypothalamus 1 1 3 (+) 13
F Parielt-\:)lg:;ipital 0 2 ) 24
M 50 Te;e;(t)ral 1 1 4 () 48
M 54 F'r‘j:tal 0 0 1 +) 18
m 7o  cerebellar 0 1 2 +) 16

vermian
F 19 Pa"rie;:al 0 0 1 ) 23
F 46 F'T(')?:;I 0 1 4 () 34
M 30 Tei:ggtral 0 0 3 +) 62
M 43 FIT;%?; 0 0 1 +) 15
ol Parielt-\:)ig:(fipital 0 3 ) 36
M 16 Octfgtal 1 1 4 ) 58
F 43 FF:(')?]EI 0 1 2 A 26
M Right 0 1 +) 28

Temporo-occipital

SM, Spetzler Martin; ICH, Intracranial Hemorrhage.
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Table 4
Patient Characteristics of AVF (Analysis 2).

Sex Age Location Venous Reflux Borden Classification
M 68 Left. Anterior Condylar Confluence 0 1
M 70 Right. Cavernous sinus 0 1
M 73 Tentorial 1 3
M 74 Anterior Cranial Base 1 3
F 51 Left. TSSJ 0 1
F 71 Left. Anterior Condylar Confluence 0 1
F 7 Left. TSSJ 0 1

TSSJ, transverse sinus-sigmoid sinus junction.
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Table 5.

Interrater reproducibility of CS-TOF-MRA and PI-TOF-MRA for characterization

CS-TOF vs PI-TOF CS-TOF vs DSA

Eloquence 1 1
Nidus Size 0.84 (0.55 - 1.00) 0.71 (0.58 - 0.83)
Rater 1
Deep Venous Return 1 0.68 (0.3 - 1.00)
SM Grade 0.9 (0.78 - 1.00) 0.49 (0.35-0.78)
Eloquence 1 1
Nidus Size 1 0.85 (0.71 -1.00)
Rater 2
Deep Venous Return 1 0.84 (0.55 - 1.00)
SM Grade 1 0.69 (0.47 - 0.90)

SM, Spetzler-Martin.
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of AVM (95% ClI).

PI-TOF vs DSA
1

0.85 (0.68 - 1.00)

0.68 (0.3 - 1.00)

0.59 (0.35 - 0.86)

1

0.85 (0.73 - 1.00)

0.84 (0.55 - 1.00)

0.69 (0.47 - 0.90)




A Self-archived copy in RBAFFHEEY KT LY

=K p Y
I HS j( ? Kyoto University Research Information Repository %

KYOTO UNIVERSITY https://repository.kulib.kyoto-u.ac.jp

Supplemental Table
Detection of Venous Reflux in CS-TOF-MRA and PI-TOF-MRA (95% CI) (Analysis 2)

No
Venous Venous Sensitivity Specificity PPV NPV
Reflux
Reflux
CS-TOF A 0
positive ?6-7% 100% (100% 7 8%
22.3 - 39.8 - '
CS-TOF , , 95.7%) (59 -100%) 100%) (40 -97.2%)
negative
Reader 1
PI-TOF A 0
positive ?6'7% 100% (100% 77.8%
22.3 - 39.8 - '
PI-TOE , , 95.79%) (59 -100%) 100%) (40 -97.2%)
negative
CS-TOF
oositive  ° 0 83.3% o  100%  87.5%
pp— (35.3- (59 -100%) (47.(5)3- (47.3-
) 1 7 99.6%) 100%) 99.7%)
negatlve
Reader 2
PI-TOF
oositive  ° 0 83.3% o 100%  87.5%
Ap— (35.?- (59 -100%) (47.8 - (47.3 -
) 1 7 99.6%) 100%) 99.7%)
negatlve

positive predictive value, PPV; negative predictive value, NPV.



A Self-archived copy in RBAFEHEE) KD LY

_x oy
I %B j( ? Kyoto University Research Information Repository %

KYOTO UNIVERSITY https://repository.kulib.kyoto-u.ac.jp

AUC

0.83
(0.63-
1.00)

0.83
(0.63-
1.00)

0.92
(0.75-
1.00)

0.92
(0.75-
1.00)
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