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Digital variance angiography (DVA) is a recently developed image processing alternative 
to digital subtraction angiography (DSA). The technology is based on the principles 
of kinetic imaging.1 Although DVA uses the same unsubtracted acquisition as DSA, it 

does not use a mask but instead calculates the standard deviation (SD) of pixel intensities. 
This algorithm enhances the contrast media signal and suppresses background noise, thereby 
providing a higher contrast-to-noise ratio (CNR) and better image quality than DSA. The qual-
ity reserve of DVA has already been validated in lower limb angiography,2-5 liver transarterial 
chemoembolization,6 prostatic artery embolization,7 and carotid angiography.8 As the quality 
advantage of DVA can be effectively used for dose management,8-10 the aim of this study was 
to investigate whether DVA can improve the image quality of angiograms in transcatheter 

PURPOSE
Digital variance angiography (DVA), a recently developed image processing technology, provides a 
higher contrast-to-noise ratio (CNR) and better image quality during lower limb interventions than 
digital subtraction angiography (DSA). Our aim was to investigate whether the quality reserve of 
DVA can also be observed in uterine fibroid embolization (UFE).

METHODS
In this retrospective observational study, the CNR and image quality of DSA and DVA images from 
56 patients (mean ± standard deviation age: 44.2 ± 5.3 years) who underwent UFE at our institution 
were assessed. For the visual evaluation of the same image pairs, the visibility of large vessels, small 
vessels, tissue blush, and background noise was compared by three experienced readers using a 
four-grade Likert scale. Data were analyzed using the Wilcoxon signed-rank test or the one-sample 
Wilcoxon test.

RESULTS
DVA provided significantly higher CNR than DSA (the median CNRDVA/CNRDSA was 1.96). In the vi-
sual comparison of DVA and DSA images, Likert scores did not significantly differ from zero (equal 
quality level) in any evaluated categories. The median (interquartile range) values were 0.00 (1.00) 
for large vessels, −0.33 (1.33) for small vessels, 0.00 (0.67) for tissue blush, and 0.00 (0.75) for back-
ground noise.

CONCLUSION
Although the visual image quality of DSA and DVA was identical, DVA provided a twofold CNR in 
UFE, indicating a significant quality advantage for this technology. 

CLINICAL SIGNIFICANCE
The observed quality reserve may allow for dose management (reduction of applied radiation dose 
and/or contrast media), enhancing the safety of UFE for both patients and personnel.
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uterine fibroid embolization (UFE), which 
could serve as a basis for radiation dose man-
agement in this endovascular intervention.

Over the last 29 years, as stated in the 
2015 CIRSE guideline, numerous publications 
have demonstrated that UFE is a viable alter-
native to hysterectomy for women who wish 
to preserve their uterus (level 1 evidence).11-14 
The 2021 ACOG guideline confirms these 
findings, stating that “uterine artery emboli-
zation (UAE) is recommended as an interven-
tional procedure for the treatment of uterine 
leiomyomas in patients who desire uterine 
preservation and are counseled about the 
limited available data on reproductive out-
comes”.15 In addition to fibroids, UAE has 
also been proposed as a minimally invasive 
alternative to hysterectomy for patients with 
symptomatic adenomyosis.16,17 

UAE is much less invasive and a non-sur-
gical alternative to myomectomy or hyster-
ectomy; however, ionizing radiation is used 
to identify and access the uterine artery for 
the embolization procedure. The literature 
shows that radiation exposure doses remain 
below the threshold for any deterministic ra-
diation risks. Despite these data, implement-
ing the ALARA principle and minimizing 
the radiation dose as much as possible is of 
utmost importance in every interventional 
radiological procedure, especially in UAE, as 
many patients are women of child-bearing 
age. Many papers have discussed different 
dose reduction techniques, such as adjusting 
collimation, minimizing DSA runs, reducing 
frame rates, using PA projections, and em-

ploying dose optimization software.18,19 The 
use of DVA has not yet been tested in UFE.

Methods
In this single-center retrospective obser-

vational study, 56 patients (mean ± SD age: 
44.2 ± 5.3 years) were included who had 
previously undergone UFE at the Medical Im-
aging Center, Semmelweis University, Buda-
pest, Hungary, between February 2021 and 
June 2022. All procedures were conducted 
in accordance with the 1964 Helsinki Decla-
ration and its later amendments. The study 
was approved by the Regional Institutional 
Scientific and Research Ethics Committee, 
Semmelweis University, Budapest, Hungary 
(SE RKEB), approval no. 186/2022 on Septem-
ber 26, 2022. Due to the retrospective nature 
of the study, informed consent was waived. 

Study Design

One pre-embolization posteroanterior 
(PA) pelvic acquisition was included from 
each patient. Pre-embolization acquisition 
was preferred as it depicts small arteries and 
tissue blush of the fibroid, thereby providing 
a better basis for performance comparison. 
DSA and DVA images were generated ret-
rospectively from the same unsubtracted 
acquisition using the GE Advantage Worksta-
tion (GE Healthcare, Chicago, Ill., U.S.A.) and 
the Kinepict Medical Imaging Tool software 
(Kinepict Ltd., Budapest), respectively. Abso-
lute CNR values and ratios were calculated 
for each image pair, and visual image quali-
ty was assessed by readers in a blinded and 
randomized manner using a 4-grade Likert 
scale. 

Image acquisition

All procedures followed institutional pro-
tocols. UFE was performed on a GE Innova 
IGS 5 angiography system by an experienced 
interventional radiologist with over 20 years 
of experience. A 4F UF (Cordis, Miami Lakes, 
FL, U.S.A.) catheter was introduced via right 
femoral access. Aortography was performed 
to assess arterial filling of the fibroids. A Me-
drad Avanta (Bayer AG, Leverkusen, Germa-
ny) automated injector was used to inject 20 
mL of iodinated contrast media (Ultravist 370, 
Bayer) at a flow rate of 10 mL/s. A 4F Cobra 
1 Glidecath (Terumo, Leuven, Belgium) was 
positioned in the left uterine artery, followed 
by the right uterine artery. Hand injections of 
contrast media (3–6 mL) were performed for 
the selective angiograms into the uterine ar-
teries. Standard PA pelvic acquisitions (2 fps) 

were obtained on both sides before and after 
embolization. DSA runs were saved on the 
GE workstation, and the unsubtracted files 
were later used to generate stacked DSA and 
DVA images as described above.

Contrast-to-noise ratio analysis

Regions of interest (ROIs) were defined on 
vessels and background regions using Im-
ageJ (v.2.0.0-rc-68/1.52e, Creative Commons 
License, NIH). As adjacent regions of blood 
vessels often contained signals from small ar-
teries or tumor blush, background ROIs were 
placed outside the fibroid area. Vascular and 
background ROIs were paired accordingly.

The CNR values were calculated for all ROI 
pairs individually using the following formu-
la [21], where Meanv and Meanb represent 
the mean pixel intensity values of the vascu-
lar and background ROIs, respectively, and 
Stdb is the background SD: 

CNRDVA/CNRDSA ratios (R) were also cal-
culated for each corresponding DVA and DSA 
ROI.

Visual evaluation

Evaluations were conducted by three in-
terventional radiologists with at least 5 years 
of experience in UFE. The readers were not in-
volved in the treatment of enrolled patients.

A randomized, paired evaluation was per-
formed with corresponding DSA and DVA 
image pairs. The readers were blinded to the 
imaging modality. The diagnostic value of 
the acquisitions was compared based on the 
visibility of large vessels, small vessels, tis-
sue blush (if visible), and the extent of back-
ground noise (Figure 1).

Diagnostic value was graded using the 
following 4-grade bidirectional Likert scale:

0. Identical

1. Slightly better/less noise

2. Clear-cut advantage/less noise, no in-
terference with structures

3. Better in every aspect/less noise, no in-
terference, background clear

Each image pair was evaluated only once 
during the survey, and scores were automati-
cally collected in a database for later process-
ing.

Main points

•	 Use of digital variance angiography (DVA) 
in uterine fibroid embolization (UFE): the 
study evaluates DVA as an alternative to 
traditional digital subtraction angiography 
(DSA) in UFE.

•	 Enhanced contrast-to-noise ratio (CNR): 
findings demonstrate that DVA offers a two-
fold higher CNR compared with DSA, indi-
cating a substantial quality reserve.

•	 Potential for dose management: with the 
higher CNR provided by DVA, there is po-
tential to reduce radiation exposure without 
compromising image quality, which is par-
ticularly advantageous for women of child-
bearing age.

•	 Implications for future clinical trials: the 
study suggests that future prospective clini-
cal trials should focus on validating the dose 
management capabilities of DVA in endo-
vascular treatments, with the potential to 
reduce radiation exposure for both patients 
and personnel. 
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Radiation dose and total fluoroscopy time 
measurements

Radiation dose (total dose-area prod
uct - DAP) and total fluoroscopy time were 
gathered from the radiation dose informa-
tion provided for each patient in the “X-ray 
Radiation Dose Report” of the GE Innova IGS 
5 angiography system. Data are presented as 
median (interquartile range).

Statistical analysis

Calculations of CNR and R medians, 
along with interquartile ranges (IQR), were 
performed using Excel 2016 (Microsoft, 
Redmond, WA). CNR values were compared 
using the Wilcoxon signed-rank test (Prism 
8.4.2, GraphPad).

For visual evaluation scores, the mean 
and standard error of the mean were calcu-
lated. Due to the non-Gaussian distribution 
of the data, the median and IQR were also 
determined. To assess potential differences 
between modalities, image pair scores were 
compared with 0 (equal quality level) using 
the one-sample Wilcoxon test. Interrater 
agreement was characterized by Kendall’s W 
value. The level of significance was set at P < 
0.05 for all tests.

Results

Patients

Patients (n = 56, mean ± SD age: 44.2 ± 
5.3 years) with previously diagnosed uterine 
fibroids received UFE treatment between 
February 2021 and June 2022 at the Medical 
Imaging Center, Semmelweis University, Bu-
dapest, and were retrospectively enrolled for 
image analysis in a consecutive manner.

Contrast-to-noise ratio results

A total of 695 ROI pairs were analyzed 
from 56 pre-embolization image pairs. The 
results of the CNR measurements are sum-
marized in Table 1. The median CNR of DVA 
images was significantly higher than that of 
DSA images [29.55 (IQR: 24.96) vs. 16.23 (IQR: 
13.24), Wilcoxon signed-rank test, P < 0.001). 
The R (CNRDVA/CNRDSA) value was 1.96 
(IQR: 0.88) (Figure 2). 

Visual evaluation results

Readers evaluated 56 DSA-DVA image 
pairs using the 4-grade bidirectional Likert 
scale, where 0 represented identical image 
quality. According to the score settings, neg-
ative values indicated an advantage for DSA, 
whereas positive values indicated an ad-

vantage for DVA (Table 2). The median (IQR) 
Likert scores were 0.00 (1.00) for large vessels, 
−0.33 (1.33) for small vessels, 0.00 (0.67) for 
tissue blush, and 0.00 (0.75) for background 
noise (Figure 3). None of these values were 
significantly different from zero (one-sample 
Wilcoxon test).

Figure 1. Survey template for the visual evaluation of DSA and DVA image sets. The modality of images was not disclosed to the readers. The web-based survey 
allowed for the automatic collection of scores into a database for later processing. DSA, digital subtraction angiography; DVA, digital variance angiography.

Table 1. Contrast-to-noise ratio (CNR) analysis

CNR R Wilcoxon signed-rank test

DSA DVA CNRDVA/CNRDSA DSA vs. DVA

Mean ± SEM 19.2 ± 0.55 33.4 ± 0.73 2.01 ± 0.04
P < 0.001

Median (IQR) 16.2 (13.24) 29.6 (24.96) 1.96 (0.88)

Data are expressed as mean ± standard error of the mean (SEM) and median and interquartile range (IQR). The Wilcoxon signed-rank test was used for statistical comparison, with 
a significance level set at P < 0.05. DVA, digital variance angiography; DSA, digital subtraction angiography.

Figure 2. The CNR results. The box-and-whisker 
plots show the median (line), mean (x), IQR (box), 
and internal fences (whiskers) of CNR values in each 
group. Data sets were analyzed using the Wilcoxon 
signed-rank test (*P < 0.001). CNR, contrast-to-
noise ratio; IQR, interquartile range; DSA, digital 
subtraction angiography; DVA, digital variance 
angiography.
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Despite moderate interrater agreement 
levels, ratings were significantly associated 
with large vessels (W = 0.568, P < 0.001) and 
small vessels (W = 0.502, P < 0.01). However, 
agreement was only slight and not signifi-
cant for tissue blush (W = 0.285, P = 0.766) 
and background noise (W = 0.349, P = 0.378).

Radiation dose and total fluoroscopy time

Total DAP was 57.0 (21–284) Gy·cm2, and 
total fluoroscopy time was 736 (360–1570) 
sec. 

Discussion
Our aim was to investigate whether the 

previously described advantages of DVA 
can also be observed in UFE intervention. 
Therefore, we compared the CNR and visual 
performance of DSA and DVA images in this 
retrospective observational study. Our re-
sults show that DVA provides a significantly 
higher (about twofold) CNR than DSA, but 
there is no difference in the visibility of large 
vessels, small vessels, tissue blush, and back-

ground noise. The poor interrater agreement 
in the latter two categories might reflect 
that the judgment of tissue blush and back-
ground noise is even more subjective. These 
findings are partly inconsistent with previous 
observations, as earlier studies demonstrat-
ed that DVA was always superior to DSA in 
both parameters.2-10 However, in the present 
study, angiography conditions were differ-
ent, as the catheter was in the uterine artery, 
very close to the target area, ensuring a high-
ly selective injection of contrast media, and 
the acquisition was performed at a standard 
radiation level. Under these conditions, DSA 
provides excellent visual representation, 
which cannot be outperformed (ceiling ef-
fect). Nevertheless, the improved CNR value 
clearly indicates the quality reserve of DVA.

Previous studies have demonstrated that 
the quality reserve of DVA can be effectively 
utilized for dose management. A reduction of 
dose/frame value by 70% provided non-infe-
rior or superior image quality in lower limb 
interventions compared with full-dose DSA 
acquisitions.20 A subsequent randomized 
controlled trial showed that applying a sim-
ilar low-dose protocol reduced total DSA-re-
lated DAP by 63% and total procedural DAP 
by 46% without compromising image qual-
ity or the diagnostic value of angiograms.21 
The quality reserve of DVA can also be used 
to reduce contrast media, as DVA provided 
non-inferior image quality in carotid angi-
ography compared with full-dose DSA when 
only 50% of the contrast media amount was 
used.8 Our preliminary unpublished obser-
vation suggests that an 80% reduction in 
contrast media achieved through dilution 
still provides excellent image quality in UFE 
using DVA images, whereas the concomitant 
DSA images under the same conditions ap-
pear poor. 

Our finding may have important clinical 
implications if further studies prove the rel-
evance of the increased CNR and increased 
quality reserve. UFE is a good alternative for 
the treatment of uterine fibroids, as it pres-
ents less burden and less risk for patients 
than surgical solutions. Nevertheless, this 
endovascular intervention requires several 

X-ray angiography acquisitions and repeated 
injections of iodinated contrast media. These 
steps carry their own risks, including possible 
acute and long-term side effects of radiation 
and potential impairment of kidney function. 
Obviously, the dose management capabili-
ties, especially the radiation dose reduction 
ability of DVA, could be very beneficial in 
UFE, as patients are often of reproductive 
age. In addition, lower radiation exposure 
would reduce the risk of radiation-induced 
occupational hazards for medical staff. The 
reduction of contrast media usage could also 
be advantageous by lowering the risk of con-
trast-induced nephropathy.

Our results reveal the potential of DVA 
for dose management in UFE; nevertheless, 
further clinical studies are required to vali-
date these claims. Such a study has already 
been initiated at our center. The radiation 
dose from our center serves as a baseline 
for such a study; our data fall well within the 
range of recent literature [DAP (Gy·cm2; me-
dian, range): Nocum et al.22: 113.1 (21.9–792); 
Lacayo et al.23: 74.8 (0.32–795); our data: 57 
(21–284); total fluoroscopy time (minutes, 
median, range): Nocum et al.22: 11.1 (6.2–
33.6); Lacayo et al.23: 13.5 (5.7–104); our data: 
12.2 (6.0–26.2)].

Our study has some limitations. Due to 
its retrospective observational nature, the 
acquisition protocol was predefined and 
optimized for DSA; therefore, we could not 
detect any differences in the visual perfor-
mance of DSA and DVA images. The full val-
idation of DVA in UFE requires prospective 
clinical trials in which the protocol is appro-
priately modified to achieve dose manage-
ment and DVA images are available for the 
interventional radiologist in real-time in the 
operating room.24 

In conclusion, our data show that DVA has 
a substantial quality reserve in uterine artery 
angiography compared with the traditional-
ly used DSA technology. Although a visual 
advantage was not observed in the current 
clinical setting, the twofold CNR of DVA im-
ages provides a solid basis for prospective 
clinical trials, where the dose management 

Figure 3. Paired comparison of DSA and DVA 
images. Readers compared the visibility of large 
vessels, small vessels, tissue blush, and background 
noise in a blinded, randomized manner, expressing 
their preference using a 4-grade Likert scale. The 
box-and-whisker plot displays the mean (x), median 
(line), interquartile range (box), and internal fences 
(whiskers) of the complete image set. The 0 line 
represents the theoretical equal quality level. Data 
were analyzed using the one-sample Wilcoxon test. 
None of the scores differed significantly from zero. 
DSA, digital subtraction angiography; DVA, digital 
variance angiography.

Table 2. Visual comparison scores. Readers compared the visibility of large vessels, small vessels, tissue blush, and the level of background 
noise in a blinded, randomized manner, expressing their image preference using a 4-grade Likert scale

Large vessels Small vessels Tissue blush Background noise

Mean ± SEM 0.11 ± 0.11 −0.24 ± 0.14 0.10 ± 0.07 0.01 ± 0.10

Median (IQR) 0.00 (1.00) −0.33 (1.33) 0.00 (0.67) 0.00 (0.75)

One-sample Wilcoxon test P = 0.355 P = 0.054 P = 0.151 P = 0.98

Data are expressed as mean ± SEM and median and IQR. Deviation from zero (equal quality level) was analyzed using the one-sample Wilcoxon test. None of the scores differed 
significantly from zero. SEM, standard error of the mean; IQR, interquartile range.
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capabilities of DVA can be validated in the 
endovascular treatment of fibroids and ade-
nomyosis. These trials aim to achieve a 70% 
reduction in dose/frame value while main-
taining non-inferior or superior image qual-
ity, as already demonstrated in lower limb 
interventions. Thus, our study indicates that 
DVA has the potential to reduce the applied 
radiation dose during UFE for both patients 
and personnel.

Footnotes

Conflict of Interest

The authors declared no conflicts of inter-
est.

References
1.	 Szigeti K, Máthé D, Osváth S. Motion based 

X-ray imaging modality. IEEE Trans Med 
Imaging. 2014;33:2031-2038. [CrossRef]

2.	 Gyánó M, Góg I, Óriás VI, et al. Kinetic Imaging 
in lower extremity arteriography: comparison 
to digital subtraction angiography. Radiology. 
2019;290(1):246-253. [CrossRef]

3.	 Óriás VI, Gyánó M, Góg I, et al. Digital 
variance angiography as a paradigm shift in 
carbon dioxide angiography. Invest Radiol. 
2019;54(7):428-436. [CrossRef]

4.	 Bastian MB, König AM, Viniol S, et al. 
Digital variance angiography in lower-limb 
angiography with metal implants. Cardiovasc 
Intervent Radiol. 2021;44(3):452-459. 
[CrossRef]

5.	 Thomas RP, Bastian MB, Viniol S, et al. Digital 
variance angiography in selective lower 
limb interventions. J Vasc Interv Radiol. 
2022;33(2):104-112. [CrossRef]

6.	 Lucatelli P, Rocco B, Ciaglia S, et al. Possible 
use of digital variance angiography in 
liver transarterial chemoembolization: a 
retrospective observational study. Cardiovasc 

Intervent Radiol. 2023;46(5):635-642. 
[CrossRef]

7.	 Alizadeh LS, Gyánó M, Góg I, et al. Initial 
experience using digital variance angiography 
in context of prostatic artery embolization 
in comparison with digital subtraction 
angiography. Acad Radiol. 2023;30(4):689-697. 
[CrossRef]

8.	 Óriás VI, Szöllősi D, Gyánó M, et al. Initial 
evidence of a 50% reduction of contrast 
media using digital variance angiography 
in endovascular carotid interventions. Eur J 
Radiol Open. 2020;7:100288. [CrossRef]

9.	 Gyánó M, Berczeli M, Csobay-Novák C, et al. 
Digital variance angiography allows about 
70% decrease of DSA-related radiation 
exposure in lower limb X-ray angiography. Sci 
Rep. 2021;11(1):21790. [CrossRef]

10.	 Sótonyi P, Berczeli M, Gyánó M, et al. Radiation 
exposure reduction by digital variance 
angiography in lower limb angiography: a 
randomized controlled trial. J Cardiovasc Dev 
Dis. 2023;10(5):198. [CrossRef]

11.	 Ravina JH, Herbreteau D, Ciraru-Vigneron N, 
et al. Arterial embolisation to treat uterine 
myomata. Lancet. 1995;346(8976):671-672. 
[CrossRef]

12.	 Hehenkamp WJ, Volkers NA, Birnie E, Reekers 
JA, Ankum WM. Symptomatic uterine fibroids: 
treatment with uterine artery embolization or 
hysterectomy--results from the randomized 
clinical Embolisation versus Hysterectomy 
(EMMY) trial. Radiology. 2008;246(3):823-832. 
[CrossRef]

13.	 Edwards RD, Moss JG, Lumsden MA, et al. 
Uterine-artery embolization versus surgery 
for symptomatic uterine fibroids. N Engl J Med. 
2007;356(4):360-370. [CrossRef]

14.	 van Overhagen H, Reekers JA. Uterine artery 
embolization for symptomatic leiomyomata. 
Cardiovasc Intervent Radiol. 2015;38(3):536-
542. [CrossRef]

15.	 Management of symptomatic uterine 
leiomyomas: ACOG practice bulletin, number 

228. Obstet Gynecol. 2021;137(6):e100-e115. 
[CrossRef]

16.	 de Bruijn AM, Smink M, Lohle PNM, et 
al. Uterine artery embolization for the 
treatment of adenomyosis: a systematic 
review and meta-analysis. J Vasc Interv Radiol. 
2017;28(12):1629-1642.e1. [CrossRef]

17.	 Dason ES, Maxim M, Sanders A, et al. Guideline 
no. 437: diagnosis and management 
of adenomyosis. J Obstet Gynaecol Can. 
2023;45(6):417-429.e1. [CrossRef]

18.	 Nocum DJ, Robinson J, Liang E, Thompson 
N, Reed W. The factors contributing to the 
total radiation exposure of patients during 
uterine artery embolisation. J Med Radiat Sci. 
2019;66(3):200-211. [CrossRef]

19.	 Cina A, Steri L, Barbieri P, et al. Optimizing the 
angiography protocol to reduce radiation 
dose in uterine artery embolization: the 
impact of digital subtraction angiographies 
on radiation exposure. Cardiovasc Intervent 
Radiol. 2022;45(2):249-254. [CrossRef]

20.	 Sugawara H, Suzuki S, Katada Y, et al. 
Comparison of full-iodine conventional 
CT and half-iodine virtual monochromatic 
imaging: advantages and disadvantages. Eur 
Radiol. 2019;29(3):1400-1407. [CrossRef]

21.	 Rose A. Quantum and noise limitations of the 
visual process. J Opt Soc Am. 1953;43:715-716. 
[CrossRef]

22.	 Nocum DJ, Robinson J, Halaki M, et al. 
Identifying predictors of patient radiation 
dose during uterine artery embolisation. J Med 
Radiat Sci. 2021;68(2):131-138. [CrossRef]

23.	 Lacayo EA, Khera SS, Spies JB. Impact of patient 
and procedure-related factors on radiation 
exposure from uterine artery embolization. 
Cardiovasc Intervent Radiol. 2020;43(1):120-
126. [CrossRef]

24.	 Gyánó M, Csobay-Novák C, Berczeli M, et 
al. Initial operating room experience with 
digital variance angiography in carbon 
dioxide-assisted lower limb interventions: 
a pilot study. Cardiovasc Intervent Radiol. 
2020;43(8):1226-1231. [CrossRef]

http://doi.org/10.1109/TMI.2014.2329794
http://doi.org/ 10.1148/radiol.2018172927
http://doi.org/10.1097/RLI.0000000000000555
http://doi.org/10.1007/s00270-020-02697-x
http://doi.org/10.1016/j.jvir.2021.09.024
http://doi.org/10.1007/s00270-023-03420-2
http://doi.org/10.1016/j.acra.2022.05.007
http://doi.org/10.1016/j.ejro.2020.100288
http://doi.org/10.1038/s41598-021-01208-3
http://doi.org/10.3390/jcdd10050198
http://doi.org/10.1016/s0140-6736(95)92282-2
http://doi.org/10.1148/radiol.2463070260
http://doi.org/10.1056/NEJMoa062003
http://doi.org/10.1007/s00270-014-1031-x
http://doi.org/10.1097/AOG.0000000000004401
http://doi.org/10.1016/j.jvir.2017.07.034
http://doi.org/10.1016/j.jogc.2023.04.008
http://doi.org/10.1002/jmrs.347
http://doi.org/10.1007/s00270-021-03032-8
http://doi.org/10.1007/s00330-018-5724-4
http://doi.org/10.1364/josa.43.000715
http://doi.org/10.1002/jmrs.450
http://doi.org/10.1007/s00270-019-02321-7
http://doi.org/10.1007/s00270-020-02530-5

