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I. LIST OF ABBREVIATIONS 

2D-PA – Two-dimensional parametric angiography. 

AUC – Area under the curve. 

BMI – Body mass index. 

CARE - Combined applications to reduce exposure. 

ccDVA – Color-coded digital variance angiography. 

CLI – Critical limb-threatening ischaemia. 

CNR – Contrast-to-noise ratio. 

CT – Computed tomography. 

DSA – Digital subtraction angiography. 

DVA – Digital variance angiography. 

FPS – Frames per second. 

GFR – Glomerular filtration rate. 

IQR – Interquartile range. 

IVUS – Intravascular ultrasound. 

KMIT – Kinepict Medical Imaging Tool. 

MRI – Magnetic resonance imaging. 

NEQ – Noise equivalent quanta. 

PA – Peak attenuation. 

PAD – Peripheral artery disease. 

PAE – Prostatic artery embolization. 

POBA – Plain old balloon angioplasty. 

PTA – Percutaneous transluminal angioplasty. 

ROI – Region of interest. 
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SD – Standard deviation. 

SEM – Standard error of mean. 

SNR – Signal-to-noise ratio. 

TACE – Transarterial chemoembolization. 

TIC – Time-intensity curve. 

TTP – Time-to-peak. 

TURP – Transurethral resection of the prostate.  
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II. INTRODUCTION 

II/1. History of vascular imaging and intervention  

The origins of vascular imaging can be dated to the 1920s [1], Hascheks and Lindenthals’s 

idea of intravasal contrast agent administration lead to the development of several clinical 

applications [2]. In 1953, Seldinger described his technique of transfemoral arterial access 

for selective catheterisation, which revolutionised many medical disciplines and 

established the field of interventional radiology [3]. In the 1970s, Dotter introduced 

percutaneous transluminal angioplasty (PTA), which laid the foundation for minimally 

invasive vascular therapies [4]. With the introduction and development of real-time 

ultrasound, computed tomography (CT), and magnetic resonance imaging (MRI), the 

diagnosis of vascular diseases has become primarily non-invasive [5]. However, during 

vascular interventions, invasive angiography remained the primary form of 

intraprocedural imaging. 

Digital subtraction angiography 

The gold standard algorithm in the last 40 years was digital subtraction angiography 

(DSA), which was described in 1935 but was not commercially available until the 1980s, 

when digital flat panel detectors and faster computers made DSA a practical clinical tool. 

Several advancements have been made regarding image quality, dose management, and 

computational time, but the basics of the method remained the same, which is the 

subtraction of a mask image from the post-injection image series. This subtracted 

sequence can be further processed into a stacked opacification image, which can be used 

as a roadmap during vascular intervention. The mask image can also be post-processed 

to eliminate noise originating from patient movement [6]. 

II/2. Digital Variance Angiography (DVA) 

DVA is a novel method developed by Szigeti and Osváth [7] that claimed to be able to 

produce an angiographic image very similar to DSA. The technology was originally 

named “kinetic imaging," and it is based on the calculation of mean, standard error of 

mean (SEM), standard deviation, and standard error of standard deviation from image 

sequences acquired through some type of penetrating radiation, which is most commonly 

X-ray radiation in medical and non-medical fields also.  
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The four types of images were intended to serve different purposes according to the 

original paper describing the patented method. The “mean image” is almost identical to 

the summation image, which is used, e.g. during routine medical X-ray examinations of 

the chest. The advantage of this method is that the inevitable quantum noise is minimised; 

therefore, it serves as a basic noise cancellation method. The two “standard error” type 

images were supposed to be used for optimising image acquisition parameters, but no 

further research has been conducted to provide evidence for these claims. 

 

Figure 1. The algorithms for DSA series, stacked DSA image and DVA image 

calculations. Both image types are calculated from the same series and both 

processes end in similar still-images. (Source: own work.) 

The last type, “standard deviation image,” is what the DVA technology was based on. By 

calculating the pointwise standard deviation of the image sequence, the most intensely 

changing regions can be made more visible, whereas the most stable regions or objects 

can create the least intensity. In the case of imaging moving objects, the moving parts 

appear brightest, and the background intensity remains close to zero. The calculation 

method of DVA and DSA images is presented in Figure 1. 

Kinetic imaging has been tested for non-medical purposes [7], such as border control, 

device testing, and pest control, but the usability of this method in industrial practice 

remains questionable as it has not been studied further. However, the use of kinetic 

imaging for creating angiographies has been more researched, from the level of in silico 

studies to prospective clinical studies. 

Stacked 

DSA image 
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In silico studies 

Although no peer-reviewed publications mention these preliminary investigations, we 

must mention them to introduce the idea of dose management through DVA. Pre-clinical 

studies provided the idea of visualising moving objects inside living creatures, such as 

the beating heart of a frog [7]. Since the “standard deviation image” was known to be 

sensitive to motion, it was hypothesised that the motion of the contrast agent inside the 

vessel might be visualised more effectively with kinetic imaging. To prove this, a simple 

model was created that included a pixel with two possible states: the “contrast agent” and 

“no-contrast” states [8]. It was assumed that the more stationary the motion (flow) of the 

contrast agent inside the vessel, the less image contrast would appear on the “standard 

deviation image,” and inversely, the less stationary the flow, the higher the image contrast 

it generates on the “kinetic image”, which we call digital variance angiography (DVA). 

Background noise and image contrast were calculated for hypothetical DVA and DSA 

images, and then the signal-to-noise ratio (SNR) was calculated as a simple measure of 

the image quality. The SNR is not the only parameter contributing to the image quality, 

but it has a strong connection with the radiation and contrast agent dose. Since the model 

indicated that DVA may have a significant advantage over DSA in terms of SNR, it was 

assumed that DVA may have the potential to provide the clinical standard image quality 

but at a lower radiation or contrast agent dosage. 

Retrospective studies 

In 2018, the results of a retrospective study published by Gyánó et al. showed that the 

SNR benefit of DVA is also observable in a clinical setting [9]. The study involved 42 

patients, and the methods included visual comparison in addition to SNR measurement. 

The compared images were standard DVA images and “postprocessed DSA” images, 

which is analogous to “stacked DSA image". The images were generated from the same 

X-ray image sequence so that they could be paired for comparison. The SNR 

measurements revealed a 2.1 to 2.4 times advantage in favour of DVA SNR, with a 

slightly higher SNR ratio in the femoral region (2.4 median value) and a slightly lower 

SNR advantage in the abdominal region (2.1). The outcome of the visual questionnaire 

revealed a visual preference for the DVA, which was more prominent in the femoral and 

popliteal regions. In conclusion, our results indicated a quality reserve that could be 

utilised for dose management [9]. 
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In the following years, other retrospective studies aimed at comparing DSA and DVA 

resulted in similar results (by using similar study designs and methods) and similar 

conclusions. In 2019, Óriás et al. presented the benefits of using DVA during carbon-

dioxide angiography [10]. Since in this type of imaging, the number of captured images 

is several times higher than during a normal DSA procedure, and the motion of contrast 

agent “bubbles” cannot be captured on a single frame, the effectiveness of image 

combination is of key importance. In this study, the advantage of DVA was more 

pronounced regarding SNR ratios (DVA vs. DSA SNR 3.5 to 4.5 higher) and visual 

comparison (DVA was chosen as better in 78 to 90% of cases) [10]. In 2021, Bastian et 

al. investigated the use of DVA in patients with metal implants and concluded that the 

1,84 times higher medial SNR values and 84.5% visual preference (83% agreement) over 

DSA verified the superiority of DVA in this indication [11]. It is important to mention 

the work of Rohit et al, 2021, which was a publication of a retrospective study that 

involved 28 patients [12]. In the two-cohort investigation, one group received iodinated 

contrast media, and the other (nephropathy group) received carbon dioxide. SNR 

measurements and visual comparisons were carried out, and the results were very similar 

to previous outcomes: an at least 2-fold increase in SNR and significantly higher visual 

evaluation scores favouring DVA [12].  

Prospective studies 

To provide evidence of dose management capabilities, Óriás et al. studied the effects of 

50% contrast media dose reduction while using DVA [13]. 26 patients were enrolled who 

underwent carotid percutaneous transluminal angioplasty. Half of the patients who 

underwent intervention received the mandatory angiography at the end of the procedure 

with 50% reduced contrast agent volume and normal flow. SNR measurements revealed 

a significant advantage over standard-dose DSA versus both normal- and reduced-dose 

DVA, and an almost two-fold increase in SNR was measured. Regarding visual 

comparison (which was done by using a 5-grade Likert scale visual quality 

questionnaire), normal-dose DVA was superior to normal-dose DSA, and low-dose DVA 

was able to provide the same visual quality as standard DSA, which agreed with previous 

results [13]. 
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The radiation dose-reducing potential of DVA was also studied in 2021 by Gyánó et al. 

in a prospective study involving 30 patients who underwent lower-limb invasive 

angiography using a standard protocol [14]. By signing informed consent, a 68% reduced-

dose angiography was also performed in three regions, and images were further processed 

into DSA and DVA images for SNR measurement and visual comparison. The SNR 

measurements resulted in similar results as the previously mentioned carotid study; the 

low-dose DVA group provided a two-fold higher SNR than the standard-dose DSA. The 

visual comparison validated the non-inferiority of reduced-dose DVA images to standard-

dose DSA images [14]. 

The research group continued to investigate the same issue by performing a randomised 

controlled trial that enrolled 57 patients who underwent standard-dose angiography 

(control group) and 57 patients underwent invasive angiography with a 70% reduced 

radiation dose [15]. In this study, the comparison was based only on visual evaluation. 

Two vascular surgeons and four interventional radiologists conducted a blind evaluation 

of the images, and the images were evaluated using a 5-grade rating scale ranging from 

poor (“1”) to outstanding (“5”) image quality. The key findings of the study were that the 

DSA-related radiation dose reduction was 61%, low-dose DVA provided at least similar 

or better image quality than standard-dose DSA, and it was also revealed that a novel 

DVA algorithm (DVA2) is even more capable of producing higher quality angiograms, 

an advantage that is more prominent in the crural region [15]. 

The presented works validated the ability of DVA to enable dose reduction in lower-limb 

and carotid regions, but its usability in other regions remained in question. The other 

studies mentioned in the following sections of this thesis aimed to investigate other 

indications of DVA technology. 

II/3. Parametric angiography 

Another question regarding imaging technologies is: what else can be calculated from the 

image sequences besides morphological information? It is well known that DSA provides 

a two-dimensional image, which often gives inadequate information on vascular lesions, 

especially in cases of complex geometries [16]. If functional data could be acquired from 

an already recorded image sequence, decision-making would be much easier in difficult 

instances, resulting in safer and more effective work in the catheter lab. The evolution of 
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computers has paved the way for complex calculations to be performed at an almost real-

time speed, making modern technologies usable in the catheter lab or in the operating 

room. 

General concept 

Technologies utilising such calculations are based on the same concept: converting 

conventional greyscale DSA images into color-coded representations to provide a more 

comprehensive and intuitive understanding of vascular dynamics. The colours code 

different parameters of the time-intensity curve (TIC), which can be (but not exclusively) 

acquired through the selection of regions of interest (ROIs). This process is called 

quantitative analysis, in which several parameters are calculated. 

The most important is Time to Peak (TTP), which is basically the time (in seconds) for 

the contrast intensity to reach its maximum value measured at a specified point (ROI). 

Color-coding of this parameter allows the visualization of hemodynamic conditions in a 

single still image. The principles of the calculation of ccDVA are shown in Figure 2. 

Some additional parameters are also calculated; however, their interpretation is less 

straightforward, and they can be useful only in specific settings (e.g. when the overall 

blood supply of an area, rather than a single vessel’s blood flow is evaluated). These are: 

- Peak value, peak attenuation (PA) or peak ratio: intensity value or the ratio of the 

maximum intensity value of a specified ROI to a reference ROI, 

- Area Under the Curve (AUC) or AUC ratio (AUCr): area under the time-intensity curve 

or ratio of the AUC of an ROI to the reference. 

The reference ROI is typically selected in a region without pathology. The software can 

also visualise these parameters as a colour-coded map, allowing for instant presentation 

of blood flow patterns without requiring ROI selection. In the case of TTP, specific 

colours are assigned to different TTP values ranging from red (early maximum intensity) 

to blue (late maximum intensity). 
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Figure 2. Generation of ccDVA image. Parameters are calculated from the time-

intensity curve, similarly to ccDSA, but the pixel brightness is defined by the 

standard deviation of the given pixel values, instead of the pixel intensity. 

(Source: own work.) 

Available technologies 

All major manufacturers developed its own color-coded imaging technology. The 

literature mostly mentions the Siemens iFlow product [17–22], followed by Philips's 

Smart Perfusion or 2D perfusion technology [23–27]. “Color Coded Circulation” 

technology from Canon and General Electric’s “Angioviz” must also be mentioned; 

however, the available data regarding these methods are very limited [28–30]. Some 

publications have reported manufacturer-independent solutions that are fundamentally 

similar to the previously mentioned techniques [31,32]. Recently a new color-coded 

technology has also been developed, which is, in contrast to the previously mentioned 

DSA-based methods, entirely based on DVA, and thereby brings the advantages of DVA 

technology in the parametric imaging field. These technologies are summarized in Table 

1. 



12 

 

Table 1. Comparison of available color-coded angiography technologies. (Source: own work.) 

Name of 

technology 

Manufacturer Basis of 

technology 

Disadvantages Platform 

dependency 

Published clinical 

applications 

Current status 

“iFlow” Siemens 

Healthineers 

DSA 

higher framerate 

and radiation 

dose required 

Only available 

as part of the 

manufacturer's 

angiographic 

suite 

peripheral 

interventions [33] 

neurointerventions 

[33] 

aortic dissection[34]  

available 

“2D-Perfurison 

Angiography (2D-

PA)” or“Smart 

Perfusion 

Philips Medical 

Systems 

neurointerventions 

[35] 

peripheral 

interventions[27] 

not 

available[36] 

“Angioviz” General Electric 

HealthCare 

neurointerventions[37] available 

“Color Coded 

Circulation” 

Canon Medical 

Systems 

peripheral 

interventions[29,38] 

available 

“Color-coded 

DVA” (ccDVA) 

Kinepict Health 

Ltd. 

DVA  independent prostatic artery 

embolization [39] 

available 
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Siemens Syngo iFlow 

Syngo iFlow has demonstrated potential in various medical fields. In peripheral artery 

disease (PAD), this technology has shown promise in assessing the technical success of 

post-endovascular procedures and prognosticating clinical outcomes [20,22]. In aortic 

diseases, it has shown promise in evaluating renal artery haemodynamics in endovascular 

aortic repair [34]. The most studied indication of iFlow is neuroendovascular 

intervention, where the software has been used to analyse fluid dynamics in various 

pathologies and procedures [40–42]. It has also been reported that Syngo iFlow has 

practical value in evaluating treatment success in tumour embolisation [43,44]. 

Philips Smart Perfusion (also known as 2D Perfusion Angiography, 2D-PA) 

As with other technologies, the 2D-PA software also analyses the time-density curves 

generated during the first pass of the contrast agent through the tissue of interest, then 

produces colour-coded maps and calculates several key parameters, including TTP and 

AUC. 

2D-PA appeared to show promise for interventions targeting the lower limbs, given the 

apparent improvements in perfusion curves following successful endovascular 

interventions among patients with critical limb ischaemia (CLI) [25,27,45]. For instance, 

a study involving five bypass surgery patients indicated that 2D-PA managed to provide 

detailed information that could not be achieved through conventional angiography, thus 

leading to re-anastomosis due to unexpected findings [46]. Philips Smart Perfusion was 

an advanced form of 2D-PA technology within the Philips suite of angiographic systems 

that allowed better visualisation with advanced analytical tools to assess tissue perfusion. 

Although the modality promised real-time feedback during procedures and claimed to be 

a potentially effective decision-aid tool, it was recalled in 2023, due to “technical issues 

related to signal generation and processing, which could lead to inaccurate presentations 

[36].” 

Clinical experience with color-coded parametric imaging 

Color-coded parametric imaging was tested in several clinical studies in the last 15 years 

[20,45,47–55]. Certain ccDSA parameters showed strong correlation with the clinical 

outcome in stroke treatment [48,50], and helped the evaluation of carotid cavernous 

fistulas better than grey-scale DSA videos [49]. In comparison with DSA videos, color-
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coded images significantly improved diagnosis and treatment planning in cerebrovascular 

disorders, and the positive effect was greater for less experienced readers [47]. Parametric 

imaging proved to be useful in other endovascular procedures as well, including lower 

limb inter-ventions [20,51], intraprocedural evaluation of type B aorta dissections in 

thoracic endo-vascular aortic repair [52], identification of bleeding points [53], 

intraprocedural evaluation of genicular embolization [54], spleen embolization [55], 

evaluation of hemodynamic changes during the endovascular treatment of brain 

arteriovenosus malformations [56] and prediction of brain aneurysm occlusion after 

embolization [57,58]. 

General concerns and limitations 

In addition to its indisputable advantages, color-coded angiography has several 

limitations, which contributes to the fact that it did not become an every-day tool in the 

catheter labs. The most important one is that the accuracy of parametric angiography 

depends on the time resolution, which can be improved by increasing the number of 

images acquired over time (frames per second, FPS), but this also substantially increases 

the radiation dose. Since the color-coded technologies require at least 4 FPS, while 

conventional angiography can be performed with 1-2 FPS, parametric imaging can 

increase radiation dose by at least 2 to 4 times compared to regular burden [59]. It seems 

to be a great challenge to find the optimal FPS with assessable image quality, which gave 

the idea of combining image quality enhancement technology, such as the introduced 

DVA, with parametric imaging. As DVA was proven to effectively lower radiation dose, 

we hypothesised that it could solve this major limitation of parametric angiography. 

Another crucial drawback is the lack of standardisation. Protocols and interpretation 

guidelines must be established across different clinical scenarios, which requires 

appropriately designed large-scale clinical trials. It should also be mentioned that color-

coded methods require specialised software and training, which can increase the cost of 

therapy. According to some reports, interpretation may also vary between observers, and 

patient movement may significantly affect image quality and analysis accuracy due to 

motion artefacts [22,25,45].  
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III. OBJECTIVES 

From the questions expressed in the introduction regarding the future of DVA technology, 

the following research objectives were set: 

1.  The advantages of DVA were proved in lower limb interventions. Can DVA be used 

in other therapeutic indications? 

The aim is to assess the potential advantages of DVA in TACE and PAE procedures. 

2. What are the qualitative advantages of color-coded DVA in other therapeutic 

indications? 

The aim is to evaluate the potential benefits of ccDVA in PAE. 

3. Is the DVA-based color-coded imaging is a reliable tool for the measurement of 

time-related parameters? 

The aim is to compare the calculated parameters of ccDVA with Syngo iFlow, a 

commercially available parametric angiographic method. 

Three different smaller-scale retrospective proof-of-concept studies were conducted to 

complete these objectives. The first referenced paper is “Possible Use of Digital Variance 

Angiography in Liver Transarterial Chemoembolisation: A Retrospective Observational 

Study” by Lucatelli et al. The objective of this investigation was to determine whether 

the previously described improvement in image quality could also be observed during 

liver transarterial chemoembolisation (TACE). We will call this study the “TACE study” 

in the upcoming parts [60]. 

The second, which is presented in the publication called “Initial Experience Using Digital 

Variance Angiography in Context of Prostatic Artery Embolisation in Comparison with 

Digital Subtraction Angiography," written by Alizadeh et al., aimed to examine whether 

DVA possesses a comparable quality reserve in prostatic artery embolisation (PAE) and 

to investigate the possible benefits of color-coded DVA (ccDVA) technology in PAE. 

We refer to this study as the “PAE study” in the following sections [39]. 

The third study was “Quantitative Comparison of Color-Coded Parametric Imaging 

Technologies Based on Digital Subtraction and Digital Variance Angiography: A 

Retrospective Observational Study" by Góg et al. [61]. The purpose of this analysis was 
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to compare color-coded DVA with the most common commercially available parametric 

angiographic method, Syngo iFlow (Siemens Healthineers). We cite this study as the 

“CcDVA study” in the following chapters. As DSA and DVA methods rely on different 

algorithms, the assumption was not evident that they produce the same time-related 

parameters. 
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IV. MATERIALS AND METHODS 

IV/1. TACE study materials 

Twenty-five patients with hepatocarcinoma underwent transarterial chemoembolization 

(TACE) in 2021 at the University Hospital “Policlinico Umberto I” (Rome, Italy). Pre-

embolisation angiographies were retrospectively acquired, and DSA and DVA images 

were generated with separate workstations. The image acquisition was performed on an 

Artis Zee system, and peak opacification (“stacked”) DSA images were generated on a 

Syngo XWP VB21N workstation. DVA images were created using KMIT version 5.0. 

Radial or femoral access was used for the catheterisation of hepatic arteries. Additionally, 

to find the best site for embolisation, cone-beam CT was also performed. Embolisation 

was performed using microspheres (LifePearl – Terumo, Japan or DC beads M1 – Boston 

Scientific, USA). 

All procedures were in accordance with the ethical standards of the institutional and/or 

national research committee and with the 1964 Helsinki declaration and its later 

amendments. For this type of study informed consent was not required. Because of the 

retrospective nature of the study, informed consent was not necessary. All indications for 

treatment were decided in a multidisciplinary tumor board (composed of a surgeon, 

oncologist, hepatologist and body radiology). 

IV/2. PAE study materials 

Thirty male patients underwent prostatic artery embolisaton (PAE) between May and 

October 2020 who previously did not receive TURP treatment for prostate hyperplasia. 

Each patient received PAE with a unilateral transfemoral approach. Both prostatic arteries 

were superselectively catheterised and embolised shortly thereafter with 1-300 micron 

spheres. For image acquisition, an Artis Pheno angiography system (Siemens 

Healthineers, Germany) was used. With “CARE aorta” and “CARE pelvis” protocols, a 

1.17 µGy/frame dose (2 fps) provided sufficient DSA image quality. An automated 

injector and “Ultravist 370” contrast agent were used for injection [39]. 

Ethical approval was obtained from the Institutional Review Board (IRB no. 467-17) with 

a waiver for informed consent, which contained a statement on potential anonymous use 

of images for research purposes. The patients received only the standard-of-care treatment 

according to the existing institutional protocols. 
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The images were extracted from the angiographic workstations as unsubtracted image 

series, which were used for DSA and DVA image generation. DSA images were created 

with mask subtraction, and the DSA series were summarised into a single “peak 

opacification” image with the “Syngo” software of Siemens’ workstation. DVA images 

were created using the Kinepict Medical Imaging Tool (v.4.0; Kinepict Health Ltd., 

Hungary). Color-coded DVA images were also generated. DSA and DVA images were 

used for CNR measurements (performed the same way as described previously) and all 

three image types (DSA, DVA and ccDVA) were used for visual evaluation. The design 

of the study is detailed in Figure 3. 

 

Figure 3. Flow chart of the study. Elective patients with benign prostatic 

hyperplasia, referred for prostatic artery embolization (PAE) between May and 

October 2020, were screened for inclusion. Patients with completed PAE were added 

in a consecutive manner. All patients received standard treatment, and the 

observational study was performed retrospectively (dashed rectangle). Digital 

subtraction angiography (DSA) images were prepared during the intervention by 

the Siemens Syngo workstation, whereas digital variance angiography (DVA) 

images (both greyscale and color-coded types) were generated later with the 

Kinepict Medical Imaging Tool from the same unsubtracted series as DSA images. 

Contrast-to-noise ratio (CNR) and single image visual score was determined for 

DSA and DVA images, whereas ccDVA images were compared to DSA images in 

another blinded and randomised survey. (Source: Alizadeh et al. 2023) [39]. 
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IV/3. Contrast-to-Noise Ratio (CNR) 

To further discuss the methods used in both TACE and PAE studies, we must introduce 

the theory and technique of signal-to-noise or contrast-to-noise measurement. Perceived 

image quality, image contrast, and noise are strongly related and this relationship is 

incarnated in signal-to-noise ratio measurement [62–65]. Image quality depends on other 

factors, most importantly spatial resolution; however, proper phantom measurements are 

necessary to acquire such parameters [66–68]. In our research, because phantoms were 

not available, we were able to calculate only the SNR, which is still an objective measure. 

Because the signal in angiographies is basically the absolute image contrast, the SNR is 

often referenced as the contrast-to-noise ratio (CNR). In practice, CNR measurement 

refers to the selection of the background ROI and adjacent signal ROI (signal, in this case, 

meant vascular segments). The mean intensity was calculated for each ROI, and for each 

ROI pair, the intensity differences were calculated, which provided absolute contrast. The 

noise level was determined as the standard deviation of the intensities measured in the 

background ROIs. The CNR of a given ROI pair was calculated as the absolute contrast 

divided by background noise. The simplicity of this method enabled robust measurement 

of the CNR for numerous DSA and DVA image pairs calculated from the same 

angiographic sequence. Because the same ROI positions could be used in analogous DSA 

and DVA images, the difference between CNR values of analogous ROIs could be 

interpreted as a consequence of lower noise and/or higher contrast caused by the different 

image processing algorithms. 

In both embolization studies, we used ImageJ (v.2.0.0-rc-68/1.52e, NIH) and Microsoft 

Excel (2016 Microsoft, Redmond, WA, USA) software for the CNR calculation. CNR 

values were compared, and the results were summarised as the median and interquartile 

range of the CNR ratios (R). The CNR values were compared using the Wilcoxon signed-

rank test (Prism 8.4.2., GraphPad). 

IV/4. Visual surveys 

The human visual system is a subjective but more complex measure of image quality 

[64,65]. To use this system for image comparison in TACE study, we created a 

randomised and blinded web survey involving readers, who were interventional 

radiologists with at least 15 years of experience in the field. During single-image 

evaluation, a 4-grade scale was used, which consisted of the following options regarding 
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image diagnostic value: (1) poor IQ, vascular structures are not distinguishable; (2) low 

IQ, good visualisation of lobar vessels only; (3) medium IQ, good visualisation of lobar 

and segmental vessels; and (4) good IQ, good visualisation of lobar, segmental, and 

subsegmental vessels. The readers also had to determine the visibility of the tumours and 

their feeding arteries using a 3-option survey: (1) not visible, (2) suspected but not 

definitive, and (3) clear identification. A paired image comparison was also conducted, 

where radiologists had to choose a preferred image (DSA or DVA) based on the visibility 

of the small vessels, lesions, and feeding arteries. The preference was answered according 

to the following 5-grade list: (1) no difference, (2) slightly better, (3) moderate 

differences, (4) major differences, and (5) better in every aspect. For statistical analysis, 

the CNR ratio (R) was calculated, and the median and interquartile range of the CNR 

values were compared using Wilcoxon’s signed-rank test. For single-image evaluation 

score analysis, the median and interquartile range values (of image scores) were 

calculated, and image type (DVA vs. DSA) comparison was performed using Wilcoxon’s 

signed-rank test. The paired comparison results were also evaluated using Wilcoxon’s 

test, where the null hypothesis was equality in DVA and DSA image quality. The results 

of a single-image diagnostic survey questioning feeding artery, tumour, and small artery 

visibility were evaluated using the two-sided Z test. To assess inter-rater agreement, 

Kendall’s W score was calculated [60]. 

In PAE study, visual evaluation was also performed using two randomised, blinded web-

based surveys. The first was to evaluate DVA and DSA images in a single-image 

evaluation, where readers graded image quality according to a 5-grade rating scale: (“1”) 

non-diagnostic, (“2”) low, (“3”) medium, (“4”) good, and (“5”) outstanding. Readers 

were four interventional radiologists with 5, 6, 7, and 25 years of experience in the field. 

The second survey compared DSA and color-coded DVA in a paired manner. Readers 

were asked to decide which image was better able to visualise large vessels, small vessels, 

tissue blush, and feeding arteries. The following answer options were provided: (“1”) 

DSA is better, (“2”) ccDVA is better, and (“3”) no difference. Only images in which all 

four readers identified and evaluated the tissue blush and feeding arteries were included 

in the final analysis, which was performed as follows: 

1. The median and interquartile range (IQR) were calculated for single-image scores, 

and the corresponding image scores were compared using the Wilcoxon signed-
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rank test. The level of significance was set at p < 0.05 in all tests. An inter-rater 

agreement analysis was also performed using Kendall's W test. 

2. A binomial test was used for the DSA-ccDVA comparison. Inter-rater agreement 

was analysed using the Fleiss’ kappa test.  

Table 2. summarizes the design of visual questionnaires in both PAE and TACE studies. 

Table 2. Design of visual questionnaires in embolization studies. The used image 

types are indicated in parentheses. (Source: own work.) 

 Readers Single image evaluation Paired comparison 

TACE 

Study 

5 interventional 

radiologists, 

with at least 15 

years of 

experience 

4-grade scale for image 

quality assessment 

(DVA, DSA) 

5 -grade preference scale 

based on the visibility of 

small vessels, lesions, and 

feeding arteries.  

(DVA vs DSA) 

3-option survey for tumor 

and feeding artery visibility 

assessment 

(DVA, DSA)  

PAE 

Study 

4 interventional 

radiologists, 

with 5,6,7 and 

25 years of 

experience 

4-grade scale for image 

quality assessment 

(DVA, DSA) 

3-grade prefence scale 

based on the visibility of 

large vessels, small 

vessels, tissue blush, and 

feeding arteries  

(color-coded DVA vs 

DSA) 

 

IV/5. CcDVA study 

In 2020, 19 patients with PAD underwent peripheral intervention at a single centre (Heart 

and Vascular Centre of Semmelweis University, Hungary). A total of twenty-two 

interventions were performed, and imaging data were used in a retrospective, 

observational investigation to study colour-coded DVA and compare it with Siemens 

Syngo iFlow technology, which was available for testing at the site for a limited time. 

Interventions were performed from either brachial or groin access, and during the 
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procedures, the iliac, superficial femoral, popliteal, or crural arteries were treated. A 

Siemens Artis Zee system was used for the image acquisition. Pre- and post-procedural 

angiographies were recorded, and target lesions were treated by either "plain-old balloon 

angioplasty” (POBA) or POBA and implantation of a vascular stent. Written informed 

consent was obtained from all participants, allowing their anonymised data to be used for 

research purposes. The institutional interventional protocol was not changed for the 

purpose of the present study, and all the subjects received standard care [61]. 

The study was conducted in accordance with the Declaration of Helsinki (as revised in 

2013). The study was approved by regional ethics board of Semmelweis University (SE 

RKEB N.o. 161/2020) and individual consent for this retrospective analysis was waived. 

Regarding imaging protocols, almost half of the procedures were recorded with an 

acquisition rate of four frames per second, whereas in other interventions, a rate of seven 

frames per second was used. DSA image processing was executed using the Syngo 

Workplace (XWP VD11B and VD11C; Siemens Healthineers, Germany), in which the 

Syngo iFlow package was installed, enabling the generation of color-coded DSA images. 

From the same unprocessed image series transported from the imaging suite, color-coded 

DVA images were created using another workstation with Kinepict Medical Imaging 

Tool (KMIT version 6.0.3, Kinepict Health Ltd., Hungary) software. 

Both the Syngo iFlow and KMIT software allowed the selection of optionally sized ROIs. 

The measuring protocol regarding ROI selection was the following: the first selection was 

called the “reference” ROI, which was selected in the proximal pre-stenotic segment of 

the treated (or to be treated) vessel; the second ROI was selected right before (proximally) 

to the stenosis, the third one inside the stenosis if possible (in the case of subocclusion, 

this selection was not doable and this step was practically skipped), and the last one (third 

or fourth ROI, depending on the previous step) selected distally to the vascular lesion, as 

shown in Figure 4. 

The ROI selections were performed accordingly in Syngo iFlow, and the ROIs were 

selected on DVA images using the KMIT software. In order to select ROIs in the exact 

positions, a freeware mouse-position tracker software was used (MPOS, Blueprint). 

Time-attenuation data were obtained from both ccDSA and ccDVA images using the 

corresponding software, and the time-to-peak (TTP) parameter was calculated from curve 
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data. Other parameters, such as area under curve (AUC) and peak attenuation (PA), were 

not used, as they were considered more suited for parenchymal flow analysis, which was 

not part of this study. To statistically compare data, correlation analysis was performed 

using Pearson’s R test, and Wilcoxon’s test was used to investigate the significance of 

differences.  

 

Figure 4. Typical placement of region of interests (ROIs) on a color-coded DVA 

image. The colour bar shows the connection between the colours and the elapsed 

time (in seconds) measured from the injection of contrast media. (Source: Góg et al. 

2024) [61].  

 

IV/6. Summary of applied statistical tests 

Wilcoxon signed-rank test is a non-parametric statistical test used to compare two 

related samples or repeated measurements of a single sample. It was assumed that the 

data pairs were randomly and independently drawn. The null hypothesis of this test is that 

the median difference between paired observations is zero. It is best to use it in the 

evaluation of the effects of a treatment or intervention on the same subjects. We used this 

test in PAE and TACE studies for the comparison of CNR values, single-image evaluation 

scores, TACE “DSA vs DVA” paired comparison scores and in the “CcDVA” study, it 

was used for the comparison of time-derived parameters. 
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Two-sided Z test is a statistical hypothesis test used to determine whether there is a 

significant difference between a sample mean and a known or hypothesised population 

mean. The two-sided z-test is used when the population standard deviation is known, the 

sample size is not small (n > 30), and we want to test if there's a significant difference in 

either direction (higher or lower) from the population mean. Z test was used in TACE 

study for the comparison of diagnostic ability scores. 

Kendall’s W test is a non-parametric statistical method used to measure the degree of 

agreement among multiple raters or judges and evaluate interrater agreement. Kendall's 

W test is a non-parametric test suitable for ordinal data. It can be used with two or more 

raters and is particularly useful when traditional parametric methods are not applicable. 

Kendall’s test result in W, which ranges from 0 (no agreement) to 1 (complete 

agreement). The significance of W can also be specified by a formula using a chi-squared 

distribution. This test was used in both TACE and PAE studies for the assessment of inter-

rater agreement in “DVA vs DSA” single-image questionnaires. 

A binomial test is used when dealing with dichotomous variables in a fixed number of 

trials. It is a parametric hypothesis test that is used to determine if the proportion of one 

of the two categories in a population is equal to a specified value. We used this test in the 

PAE study for DSA versus ccDVA comparison. 

Fleiss’ kappa test is used to assess the reliability of agreement between multiple raters 

when assigning categorical ratings to items or classifying items. It can be used when there 

are more than two raters present, which means that it extends Cohen’s kappa test’s 

limitations. It can be used with nominal or ordinal data, although other measures may be 

more appropriate for ordinal data. We also used this test in the PAE study for DSA versus 

ccDVA comparison, especially for the assessment of inter-rater agreement. 

Pearson’s R test is a statistical method used to measure the strength and direction of the 

linear relationship between two continuous, normally distributed, independent variables. 

This test was used in the “CcDVA” study for the correlation analysis of iFlow and ccDVA 

related time-derived parameters. 
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V. RESULTS 

V/1. TACE study 

From the image data of twenty-five patients (65% male, mean ± SD age: 67.5 ± 11.2 

years), fifty DSA and DVA image pairs were created. For CNR measurements a total of 

686 ROI pairs were selected on both image types. The median of DSA CNR was 13.34 

(IQR: 9.21), whereas DVA measurements resulted in a 16.02 median value (IQR: 14.89), 

and the derived ratio of CNR pairs was 1.24 (median, IQR: 0.69). According to the 

Wilcoxon signed-rank test, this difference was significant (p<0.05) (See Table 3.) 

Table 3. Results of contrast-to-noise ratio (CNR) analysis. Data are expressed as 

mean ± standard error of mean (SEM), and as median and interquartile range 

(IQR). Wilcoxon signed-rank test was used for statistical comparison, significance 

level was set at p < 0.05. DVA: digital variance angiography and DSA: digital 

subtraction angiography. (Source: Lucatelli et al. 2023) [60]. 

 

The visual survey, which involved the single image evaluation of 50 DSA and 50 DVA 

images, resulted in a median Likert score of 3.0 (IQR: 1.2) for DSA and 3.34 (IQR: 0.55) 

for DVA. The difference was significant according to the Wilcoxon signed-rank test 

(p<0.001). Kendall’s W test was also performed to assess interrater agreement. In the case 

of DSA-related answers, the agreement was strong (W: 0.610, p<0.001), and in the case 

of DVA, the agreement was moderate but still significant (W: 0.423, p<0.001). These 

results are shown in Figure 5. 

 

 
CNR R Wilcoxon  

signed-rank test 

 DSA DVA DVA/DSA DSA vs. DVA 

Mean ± SEM 15.01 ± 0.30 20.14 ± 0.58 1.34 ± 0.02 
p < 0.001 

Median (IQR) 13.34 (9.21) 16.02 (14.89) 1.24 (0.69) 
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Figure 5. Single image evaluation results. A 4-grade Likert score was used in the 

blinded, randomized survey to evaluate the image quality of DSA and DVA images. 

The box and whisker plots show the median (line), mean (x), interquartile range 

(box) and internal fences (whiskers) of single image scores values in each group. 

Data sets were analysed by the Wilcoxon signed-rank test (***p < 0.001). DVA: 

digital variance angiography and DSA: digital subtraction angiography.  

(Source: Lucatelli et al. 2023) [60]. 

 

The survey focusing on diagnostic abilities determined that readers failed to visualise 

feeding arteries and lesions in only 8% of DVA images, whereas in the case of DSA, 28% 

of images were not able to visualise lesions. This difference was significant according to 

the two-sided Z-test (p > 0.01). The results for the question regarding feeding artery 

detection were 16% (DVA) and 32% (DSA) failure of detection. A two-sided Z-test 

verified a significant difference (p<0.05) in this case also. The inter-rater agreement 

evaluation indicated moderate agreement for both questions. For feeding artery detection, 

Kendall’s W for DSA was 0.541 (p<0.001), and for DVA was 0.551 (p<0.001), and for 

lesion detection, the W of DSA was 0.564 (p<0.001), and that of DVA was 0.561 

(p<0.001). Results are presented in Figure 6. 
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Figure 6. A and B. Comparison of the diagnostic value of DSA and DVA. Readers 

classified each image based on the ability to identify structures (feeding arteries (A) 

and lesion (B)) being critically important in TACE interventions. Two-sided Z test 

was used for the statistical comparison of percentage data (*p < 0.05, **p < 0.01). 

TACE: transarterial chemoembolisation; DSA: digital subtraction angiography and 

DVA: digital variance angiography. (Source: Lucatelli et al., 2023) [60]. 
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Finally, since a blinded and randomised paired comparison was also performed, image 

type preference could be evaluated. In 80% of the responses, DVA was preferred over  

DSA. The median difference in image scores was 1.60 (IQR 2.4), which was significantly 

different from 0 (as we determined as a null hypothesis, see Materials and Methods 

section), according to the one-sample Wilcoxon’s test (p<0.001). As previously reported, 

the inter-rater agreement was also tested with Kendall’s W test, resulting in a significant 

agreement score indicating strong agreement (W = 0.575, p<0.001). Results are shown in 

Figure 7. Representative DSA and DVA images are shown in Figure 8. 

 

Figure 7. Paired comparison of DSA and DVA images. Readers compared the image 

quality and diagnostic value of image pairs in a blinded, randomized manner, and 

expressed their image preference using a 5-grade preference scale. The left panel 

shows the distribution of the average preference scores of individual image pairs. 

The box and whiskers plot shows 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 analysed by the one-sample Wilcoxon 

test (***p < 0.001). DSA: digital subtraction angiography and DVA: digital variance 

angiography. (Source: Lucatelli et al., 2023) [60]. 
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Figure 8. Comparison of a representative DSA (left panels) and DVA (right panels) 

image pairs. The DSA and DVA images were generated from the same unsubtracted 

image series using the Siemens Syngo or the Kinepict Medical Imaging Tool 

software, respectively. (Source: Lucatelli et al., 2023) [60].  

 

V/2. PAE study 

CNR measurements were performed on 108 DSA and DVA image pairs created from 

image data of 30 male patients (aged 68.0 ± 8.9 years). CNR samples were taken from a 

total of 1418 locations (ROI pairs). The median DSA CNR was 7.33 (IQR: 6.40) and 

29.99 (IQR: 25.93) for DVA. The median R-value (DVA CNR divided by the 

corresponding DSA CNR) was 4.11 (IQR: 1.72). The Wilcoxon signed-rank test verified 

a significant increase in the CNR provided by DVA (p < 0.001) [39]. 
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The first part of the visual evaluation, the single-image assessment of 108 DSA and 108 

DVA images, was performed according to what was previously detailed in the previous 

section (Materials and Methods, “PAE Study”). DVA images’ median score reached 4.50 

(IQR 0.75), while DSA images received 3.39 (median IQR: 1.00), which was 

significantly lower, according to Wilcoxon’s signed rank test (p < 0.001). The inter-rater 

agreement was high in both groups (87% for DSA and 92% for DVA), which was 

determined to be significant, although moderate agreement was observed by Kendall’s W 

test (DVA W = 0.38, DSA W = 0.53). Results are visualized in Figure 9. 

 

Figure 9. Visual evaluation of digital subtraction angiography (DSA) and digital 

variance angiography (DVA) images. The box and whisker plots show the mean (x), 

median (line), interquartile range (box) and internal fences (whiskers) of the 5-grade 

Likert scale scores in each group. The paired data were analysed by the Wilcoxon 

signed rank test (*** p < 0.001). (Source: Alizadeh et al., 2023) [39]. 
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The second part of the visual evaluation (paired comparison) showed a significantly 

higher preference for color-coded DVA images over DSA in all evaluated categories 

(visibility of large vessels, small vessels, feeding artery, and tissue blush) according to 

the binomial test (p<0.01).  This meant an 89% preference for DVA for tissue blush 

visibility, 79% for small vessel visibility, 79% for feeding artery visibility, and 63% for 

large vessel visibility. The inter-rater agreement was between 58% and 79%, which was 

slight but significant in the three categories according to Fleiss’ kappa test. For large 

vessels, agreement was not statistically significant. Results are shown in Figure 10. To 

illustrate the differences of DSA and ccDVA, an example is shown in Figure 11. 

 

Figure 10. Comparison of digital subtraction angiography (DSA) and color-coded 

digital variance angiography (ccDVA) images. Readers performed a paired 

comparison, and evaluated the visibility of large and small vessels, tissue blush and 

feeding arteries. In these categories there was also a ‘no difference’ option, and for 

the tissue blush and feeding artery an additional ‘not relevant’ option, to exclude 

those images where the structures were not visible. The ccDVA preference over the 

cumulated ‘DSA’ or ‘no difference’ options was significantly higher in all categories 

using the binomial test. (Source: Alizadeh et al., 2023) [39]. 
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Figure 11. Representative example of digital subtraction angiography (DSA) and color-coded digital variance angiography (ccDVA) 

images in a 63 year-old patient.  Left: Application of 6 ml contrast agent (3 ml Vispaque 320 and 3 ml NaCl 0.9% solution) in the left 

pudendal artery (PuA) at the origin from the distal internal iliac artery (black arrow). The prostatic artery (short white arrow) is 

visible as a direct branch from the PuA. Proximal of the origin of the PuA the inferior vesical artery (IVA) is visible (long white 

arrow), with a proximal smaller lumen, suspicious for a stenosis. Right: The colors represent the time elapsed until the appearance 

of the contrast media in a specific blood vessel segment. In the IVA, color progression from orange to blue is visible, indicating a 

slower flow. Smaller vessels, like the characteristic corkscrew pattern (*) or the collateralization of dominant prostatic artery to the 

pudendal areas (**) have a higher visibility, and parenchymal blush is visible as greenish diffuse attenuation.  

(Source: Alizadeh et al., 2023) [39]. 
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V/3. CcDVA study 

A total of twenty-two pre- and post-interventional color-coded DSA images and the same 

number of color-coded DVA images were created in a previously detailed process. The 

data were divided by acquisition rates, resulting in the “4 FPS” and the “7.5 FPS” groups. 

Table 4 shows demographic data of patient population and Table 5 shows the distribution 

of image acquisition settings. Total procedural contrast agent dose per patient was 69,9 

(+- 35,2) ml (mean +- SD). 

Table 4. Demographic data of patients. (Source: Góg et al.  0  ) [61].  

1 All data are mean ± SD. BMI: Body Mass index. GFR: Glomerular Filtration Rate 

 

Table 5. Distribution of image acquisition protocol. (Source: Góg et al.  0  ) [61].  

FPS (1/sec) Flow (ml/s) 

Contrast agent volume per 

image (ml) 

 

N.o. of 

patients 

N.o. of 

images 

 

N.o. of 

patients 

N.o. of 

images 

 

N.o. of 

patients 

N.o. of 

images 

4/sec 13 14 2 ml/s 12 13 3 ml 10 12 

7,5/sec 6 8 3 ml/s 3 4 4 ml 2 2 

   4 ml/s 1 1 5 ml 3 4 

   6 ml/s 3 3 6 ml 2 2 

      8 ml 2 2 

 

Sex 

 

Number  

of patients 

Age1  

(years) 

BMI1 GFR1 

(ml/min/1.73m2) 

Male 8 69.6 ± 7.0 25.0 ± 4.5 65.3 ± 26.7 

Female 11 67.9 ± 8.8 26.6 ± 4.6 55.8 ± 26.2 
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The analysis of 22 pre- and post-angioplasty image pairs resulted in the selection of 53 

pre- and post-angioplasty ROI pairs in the “4 FPS” group and 32 pairs in the “7,5 FPS” 

group. When we compared the change in passage time, only those image pairs were used, 

where four ROIs were present for the reason that this way, the data collection seemed 

more homogenous, as in cases where only three ROIs per image were selected, the 

distance from the site of treatment varied highly. 

In the analysis of the relationship between the TTP parameter and different imaging 

protocols, the correlation was found to be very high regardless of the acquisition settings. 

Pearson’s r value was 0.99 (p<0.0001) and R2 was 0.98 in both FPS groups. For visual 

representation, see Figure 12. 

 

Figure 12. Correlation of TTP values calculated by ccDSA and ccDVA in different 

acquisition protocols. Right panel: correlation of 106 ROI pairs in 4 FPS 

acquisitions. Left panel: correlation of 64 ROI pairs in 7.5 FPS acquisitions.  

(Source: Góg et al., 2024) [61]. 

 

To investigate the relationship between different ROI positions and TTP parameters, a 

similar correlation testing was performed, and the resulting r and R2 values showed a very 

high correlation (r = 0.99, p < 0.0001, R2 = 0.98) in all ROI positions (not shown). 

The change in passage time was also calculated, as we hypothesised that it could represent 

the change in haemodynamic conditions in the surveyed area. This passage time was 
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obtained by subtracting the TTP measured in the 1st ROI from the TTP of the 4th ROI. 

Change in passage time was obtained by subtracting post-interventional passage time 

from pre-interventional passage time. Correlation analysis showed that this parameter 

was measured likewise by both imaging software (r = 0.98, p < 0.0001, R2 = 0.96). Overall 

results are collected in Table 6.  

Table 6. Pearson correlation analysis of time-related parameters. TTP: Time-to-

Peak; ROI: Region of In-terest; n: the number of ROI pairs included in the analysis, 

FPS: frame per second. (Source: Góg et al.  0  ) [61]. 

Correlation group 

(n) 
Pearson r 

95  confidence  

interval 
R  Two-tailed p 

TTP 4 FPS (106) 0.9889 0.9837 - 0.9924 0.9779 < 0.0001 

TTP 7.5 FPS (64) 0.9917 0.9864 - 0.9950 0.9835 < 0.0001 

TTP ROI1 (44) 0.9899 0.9814 - 0.9845 0.9799 < 0.0001 

TTP ROI2 (44) 0.9903 0.9822 - 0.9947 0.9807 < 0.0001 

TTP ROI3 (44) 0.9902 0.9819 - 0.9947 0.9804 < 0.0001 

TTP ROI4 (38) 0.9904 0.9814 - 0.9950 0.9808 < 0.0001 

TTP all ROI (170) 0.9905 0.9871 – 0.9930 0.9811 < 0.0001 

Δ passage time1 (19) 0.9806 0.9491 - 0.9927 0.9615 < 0.0001 
1. The change of passage time (Δ) was calculated as the difference of (TTPROI4-TTPROI1) 
before and after intervention. 
 

Results regarding change of passage time comparison is show in Figure 13. 

Figure 13. Correlation of the 

change passage time calculated 

from TTP data of ccDSA and 

ccDVA. We could not place the 4th 

ROI in 3 interventions. Therefore, 

only 19 ROI pairs were used in the 

analysis. The change of passage 

time was calculated as the 

difference of (TTPROI4-

TTPROI1) before and after 

intervention. (Source: Góg et al. 

2024) [61].  
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VI. DISCUSSION 

In two retrospective studies, we have examined the capabilities of DVA to visualize 

vessels during visceral embolization and we compared it to the gold standard DSA. In the 

second embolization study, we also introduced color-coded DVA as a supplementary 

imaging modality. Results indicated a significant advantage for both DVA and color-

coded DVA over DSA; however, due to the limitations of these studies (as detailed in the 

following sections), further conclusions regarding the actual clinical benefits of DVA and 

color-coded DVA can only be drawn from larger scale, prospective investigations. The 

most important limitation is the lack of validation for color-coded DVA, which we wished 

to surpass by performing a third retrospective analysis, in which we compared colour-

coded DVA to Siemens iFlow, an already marketed, potentially useful decision-support 

tool in the field of peripheral and neurointerventions. The presented results support the 

claim that color-coded DVA is able to produce the same time-derived parameters as 

iFlow, which is the first step in the direction of color-coded DVA validation studies. 

VI/1. TACE study 

The primary objective of this study was to evaluate the effectiveness of DVA in liver 

TACE procedures. Although previous research has shown DVA's quality in angiography 

of the lower extremities [9,14,15] and carotid arteries [13], the abdominal region presents 

unique challenges. Unlike these areas, the abdomen has less prominent bone shadows but 

is affected by intestinal gas and movement artefacts. Both objective and subjective 

measures of image quality were used in the present study: CNR and visual comparison, 

respectively. Furthermore, we evaluated the diagnostic value of different image types. 

Our research revealed a notably higher CNR in DVA than in DSA. However, the absolute 

CNR DVA values were lower than those reported in other DVA applications. This 

discrepancy may be attributed to various factors. First, the previously mentioned motion 

artefacts originating from breathing, cardiac pulsations, and bowel gas can cause a lower 

CNR by lowering the image contrast. Second, the abdominal region tends to have higher 

attenuation than the extremities. Therefore, angiographies performed in this region 

usually require higher radiation doses to achieve a sufficient image quality. As the 

institutional protocols for abdominal and extremity angiographies were not compared, it 

may also be possible that the institution applies lower radiation doses overall (as the 

image quality threshold can be lower depending on the specialist’s preference). 
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Despite the lower absolute CNR value, DVA technology still demonstrated an advantage 

over standard DSA, as the results of visual comparison showed that DVA produced 

superior image quality compared to DSA, although interrater agreement was somewhat 

higher for DSA images, likely due to readers' familiarity with this image type. Regarding 

diagnostic features, the quality advantage of DVA showed improved lesion visibility 

(DVA 32% vs. DSA 22%) and fewer cases in which angiography failed to detect any 

lesions (DVA 8% vs. DSA 28%). Furthermore, the DVA technology significantly 

outperformed standard DSA in the detection of feeder vessels. A blinded comparison of 

paired DVA and DSA images further emphasised DVA's superiority in terms of overall 

diagnostic value, as in DVA was the preferred image in 80% of cases. These findings 

clearly demonstrate the substantial clinical benefits of DVA technology by enabling 

operators to visualise more lesions and better identify feeding vasculature during liver 

embolisation procedures. DVA may prove particularly valuable in challenging TACE 

cases in which standard DSA imaging struggles to identify and characterise lesions. This 

may be the case in patients in whom tumours are hypovascularized or located in 

the uppermost parts of the right lobe [60]. 

The main conclusion of this study is that the demonstrated quality reserve of DVA could 

potentially be utilised to minimise radiation exposure for patients and medical staff during 

TACE. Additionally, the volume of contrast medium used could also lowered, as 

previously shown in our study regarding carotid angiographies.  This potential could be 

particularly significant in TACE, considering that patients often have compromised renal 

function and, more importantly, typically require multiple treatment sessions. Of course, 

validating these assertions requires further clinical trials, but this research provides a good 

basis for initiating prospective dose management studies in the future. 

There were certain limitations to this study. The patient sample size was relatively small, 

in keeping with the design of a small cohort proof-of-concept study, although the number 

of images evaluated fully complies with FDA guidelines for testing X-ray imaging 

devices. Breathing artefacts and intestinal gases inevitably affected DVA performance, 

as mentioned previously. Another limitation was that image processing was conducted 

retrospectively, although DVA technology can operate in near real-time. This capability 

also supports the feasibility of a prospective study regarding DVA, ccDVA and TACE.  
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VI/2. PAE study 

The objective of this study was to evaluate the image quality of DVA compared with 

DSA in the context of PAE. We sought to determine whether the previously found 

superiority of DVA in endovascular lower-limb procedures was extended to prostatic 

interventions. Our findings indicate that DVA delivers a more than fourfold increase in 

CNR compared with DSA. This quantitative advantage is mirrored in qualitative 

assessments, with DVA images scoring one point higher on the Likert scale than DSA 

images. These results clearly demonstrate the quality advantages of the digital variance 

method [39]. 

A comparison of DSA and ccDVA images demonstrated that color-coded technology 

offers enhanced visualisation of the small arteries, tissue perfusion, and feeding vessels.  

These structures are critically important in the PAE procedure. Therefore, ccDVA might 

be a very useful tool to avoid complications, such as the most feared non-target 

embolization of important collaterals [69–72]; judge the efficacy of embolization during 

the intervention, shorten intervention time and, thereby, improve clinical outcome. It is 

also important, that since parametric imaging usually requires higher acquisition rates and 

consequently higher radiation dose, the use of ccDVA might also decrease the radiation 

load of these procedures, which could enhance the wider acceptance of color-coded 

angiography. 

Despite the promising results, it must be noted that the quantitative aspect of color-coded 

angiography was not utilised in this study, as time-to-peak parametric maps were used 

for visual analysis, but no time measurement was performed. In future studies, 

quantitative measurements should also be utilised to compare changes in tissue blush 

before and after embolisation. 

This study had several other limitations. As this was a small-cohort proof-of-concept 

retrospective study, the patient sample population was relatively small, although the 

number of analysed images allowed us to deduce statistically valid conclusions. In 

addition, all DVA and ccDVA images were generated retrospectively from unsubtracted 

acquisitions, preventing their use as real-time assistance for the medical staff during 

interventions. Future clinical investigations should use real-time data processing with a 

DVA workstation installed in the operating room. 
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VI/3. CcDVA study 

Another important question is whether the DVA-based color coded imaging provides 

reliable time-related parameters. In the “ccDVA study," Time-to-peak (TTP) comparison 

demonstrated that ccDVA can accurately replicate the TTP parameters of the Syngo 

iFlow software, regardless of the frame rate or ROI positioning. We also compared the 

change in passage time, a time-based derived parameter that was nearly identical between 

ccDVA and iFlow. It has been hypothesised that change in the passage time may be a 

relevant parameter for the assessment of clinical outcomes [61]. However, this cannot be 

confirmed from retrospective data. To determine a proper assessment parameter, ccDVA 

must be compared with an already established tool, such as duplex ultrasound, preferably 

in a prospective manner. Nevertheless, the high reproducibility of iFlow TTP values by 

ccDVA validates the reliability of ccDVA imaging. 

The concept of parametric angiography is not novel, with major manufacturers having 

developed their own methods to display the temporal progression of contrast media in 

blood vessels by using a single composite image [22,45]. In these images, different 

colours represent the time taken for the contrast medium to reach specific vessel 

segments. Although emerging evidence supports the usefulness of parametric imaging 

techniques in understanding haemodynamic conditions, it is at the expense of a higher 

radiation dose caused by the high frame rate (4–7.5 fps) requirement for good time 

resolution [59]. This may be a major factor limiting the widespread adoption of color-

coded angiography. As ccDVA is based on DVA technology, it may significantly reduce 

radiation exposure owing to its dose management capabilities. Decreased radiation 

exposure for both patients and medical personnel, as well as the potentially reduced 

amount of contrast medium used, has been previously demonstrated in other clinical 

contexts. While these claims need validation through further clinical trials, our results 

provide a good foundation for initiating prospective dose management studies in 

procedures involving color-coded DVA. 

Our “ccDVA” retrospective study had some limitations, which also occurred in similar 

studies, specifically the lack of standardised injection rates and catheter placement. In our 

study, we even struggled to use standardized image acquisition rates, which is the reason 

we were forced to divide an already small sample size into two groups during statistical 

analysis. However, the total number of measurement points enhanced the statistical power 
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and was adequate for drawing conclusions. Besides the relatively small patient sample, 

another limitation was that data collection was performed retrospectively. In addition to 

standardizing the image acquisition parameters, other factors should be considered, such 

as immobilising the patient's leg using specialised equipment [25,45] to reduce motion 

artefacts that could distort the results. The most obvious limitation is the lack of validation 

for color-coded angiographic methods in general. Since ultrasound is the gold standard 

method for flow measurements, we propose that either non-invasive or invasive 

ultrasound studies should be performed to validate color-coded angiographic data. 

Although non-invasive duplex ultrasound is able to give functional data of superficial 

vessels, such as the common and superficial femoral arteries or carotid arteries, which 

can be compared to data measured with color-coded angiography; with the availability of 

invasive IVUS, the validation of time-parameters can be performed in any region of the 

circulatory system. IVUS studies may generate higher expenses but may provide more 

reliable data for the sake of proper validation. 
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VII. CONCLUSIONS 

To conclude our results, we made the following thesis statements: 

1. Concerning the usefulness and potential benefits of DVA in other indication: using 

contrast-to-noise measurements and visually comparing the quality and diagnostic value 

of DSA-DVA image pairs, we demonstrated that DVA has superior image quality and 

diagnostic value in PAE and liver TACE procedures. Thereby, we provided evidence that 

the advantages of DVA can be observed not only in lower limb but also in abdominal and 

pelvic interventions. 

2. Concerning the qualitative advantages of color-coded DVA in other therapeutic 

indications: by visually comparing DSA and ccDVA, we have found evidence that 

ccDVA has the potential to augment PAE interventions by delivering more detailed 

information on small arteries, feeding arteries and tissue blush. All these structures are 

critically important in the embolization procedure, therefore their better visibility might 

improve the safety and efficacy of PAE interventions. 

3. Concerning the reliability of time-related parameters provided by the ccDVA 

technology: by measuring and comparing time-to-peak values of paired ccDVA and 

iFlow images, we demonstrated the equivalence between the two parametric angiographic 

method regarding TTP measurement, which suggests DVA’s utility as an alternative 

decision-support tool in endovascular interventions. The lower radiation load required by 

DVA technology might help to increase the use and significance of color-coded 

parametric imaging in minimally invasive endovascular interventions. 
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VIII. SUMMARY 

In this thesis, we introduced the concept of vascular imaging, Digital Subtraction 

Angiography (DSA), Digital Variance Angiography (DVA) and color-coded 

angiography. For research objectives, we have set to assess the effect of DVA on image 

quality in liver TACE and PAE, to find potential benefits in using ccDVA during PAE 

and to compare ccDVA with Siemens’ Syngo iFlow technology. In order to complete 

objectives, three retrospective analysis was performed, in which SNR measurements 

revealed a 24 percent increase in SNR favouring DVA in the case of TACE and a four-

fold increase in SNR also favouring DVA in the case of PAE. From these results it is 

deductible, that the quality advantage could potentially be utilised to manage both 

radiation and contrast media doses in the future for both PAE and liver TACE procedures. 

Visual survey results implied the preference of using DVA over DSA for small vessel 

and feeding artery detection in the case of both PAE and TACE procedures. In TACE, 

raters preferred DVA for tumor detection also. Single image evaluations regarding 

general diagnostic image quality also resulted in higher image scores for DVA in both 

liver TACE and PAE studies.  In PAE, evidence regarding the benefit of using color-

coded DVA over greyscale DSA was also found, as visual comparison revealed a 

preference of ccDVA for large and small vessel, tissue blush and feeding artery detection 

also. This benefit may enchance the efficiency of embolization procedures by limiting 

nontarget embolization.  

In the retrospective comparison of DVA and Siemens’ Syngo iFlow (in lower-limb 

interventions), the reproducibility of the time-to-peak (TTP) parameter was very high, 

which indicated that in lower-limb flow analysis, ccDVA could be just as reliable as 

iFlow. Considering our previous findings, this also means that with ccDVA, low-dose 

color-coded angiography is potentially achievable. Since parametric imaging requires 

higher acquisition rates and, therefore, higher radiation dosage but provides benefits 

presented in the “PAE” study, the use of color-coded DVA should be encouraged during 

these types of procedures. Nevertheless, additional larger scale, prospective clinical 

studies are needed to confirm these findings. 
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Abstract

Purpose Digital variance angiography (DVA), a recently

developed image processing technology, provided higher

contrast-to-noise ratio (CNR) and better image quality (IQ)

during lower limb interventions than digital subtraction

angiography (DSA). Our aim was to investigate whether

this quality improvement can be observed also during liver

transarterial chemoembolization (TACE).

Materials and Methods We retrospectively compared the

CNR and IQ parameters of DSA and DVA images from 25

patients (65% male, mean ± SD age: 67.5 ± 11.2 years)

underwent TACE intervention at our institute. CNR was

calculated on 50 images. IQ of every image set was eval-

uated by 5 experts using 4-grade Likert scales. Both single

image evaluation and paired image comparison were per-

formed in a blinded and randomized manner. The diag-

nostic value was evaluated based on the possibility to

identify lesions and feeding arteries.

Results DVA provided significantly higher CNR (mean

CNRDVA/CNRDSA was 1.33). DVA images received

significantly higher individual Likert score (mean ± SEM

3.34 ± 0,08 vs. 2.89 ± 0.11,Wilcoxon signed-rankp\0.001)

and proved to be superior also in paired comparisons (median

comparison score 1.60 [IQR:2.40], one sample Wilcoxon

p\ 0.001 compared to equal quality level). DSA could not

detect lesion and feeding artery in 28 and 36% of cases, and

allowed clear detection only in 22% and 16%, respectively. In

contrast, DVA failed only in 8 and 18% and clearly revealed

lesions and feeding arteries in 32 and 26%, respectively.

Conclusion In our study, DVA provided higher quality

images and better diagnostic insight than DSA; therefore,

DVA could represent a useful tool in liver TACE

interventions.

Level of evidence III Non-consecutive study.

Keywords Digital variance angiography (DVA) �
Digital subtraction angiography (DSA) � Transarterial
chemoembolization (TACE) � Image quality (IQ) �
Contrast-to-noise ratio (CNR)
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Introduction

Transarterial chemoembolization (TACE) represents the

standard of care for early or intermediate stage liver cancer

[1] and hepatic metastases from colorectal cancer in

patients not suitable for surgery/ablation [2]. The updated

guideline documents clearly indicate the need of advanced

imaging modality to guide such interventions, thus allow-

ing a better clinical response. Patients selected for TACE,

may need multiple sessions of treatment, depending on the

total tumour burden. In this respect, radiation exposure and

contrast media administration throughout the procedure

should be kept at the minimum [3].

Digital variance angiography (DVA), a recently devel-

oped image processing technology, might address these

problems. The method is based on the principles of kinetic

imaging [4]. In contrast with digital subtraction angiogra-

phy (DSA), DVA does not use a mask image, but calcu-

lates standard deviation for each pixel in an unsubtracted

image series. This statistical analysis enhances the contrast

agent-generated signal and suppresses the noise, therefore

provides a higher contrast-to-noise ratio (CNR) and an

improved image quality (IQ). This excess quality, also

termed as quality reserve, has already been demonstrated in

lower limb angiography using either iodinated contrast

media (ICM) [5–7] or carbon dioxide (CO2) [8, 9] as a

contrast agent. The quality reserve of DVA provides

opportunity for dose management solutions [10, 11], which

could be beneficial not only in lower limb procedures but

also, and even more, in a wide range of endovascular

interventions, particularly the ones involving visceral ves-

sels which usually require higher radiation exposure to the

patient and the operator.

The aim of the present study is to compare the perfor-

mance of DSA and DVA in liver TACE procedures. For

this reason, we compared the CNR and IQ of the two image

processing technologies, and also their specific diagnostic

value to identify and characterise liver tumours and feeding

arteries of lesions in patients with hepatocellular cancer.

Materials and Methods

In our single-centre observational study, angiographical

image series of 25 patients affected by hepatocarcinoma

and who underwent TACE, were retrospectively collected

and processed. All procedures were in accordance with the

ethical standards of the institutional and/or national

research committee and with the 1964 Helsinki Declaration

and its later amendments. Because of the retrospective

nature of the study, informed consent was not required. All

indications for TACE treatment were decided by a

multidisciplinary tumour board (composed by a surgeon,

oncologist, hepatologist and body radiology).

Study Design

Two pre-embolization acquisitions (a frontal and an obli-

que view) were included in the study from each patient.

The same unsubtracted series was used to generate DSA

and DVA images using the Siemens Syngo and the Kine-

pict Medical Imaging Tool software, respectively. The

CNR values and the ratio were calculated for each image

pair, and the IQ was evaluated by 4-grade Likert scales in

blinded and randomized surveys. The visual evaluation

included single image scoring and paired image compar-

ison (for details see below). The diagnostic value was

evaluated by the ability of the readers to identify lesions

and their feeding arteries.

Image Acquisition

TACE procedures were performed by two interventional

radiologists with more than 13 years of experience

according to the standardized institutional protocol. Fol-

lowing femoral or radial access under local anaesthesia, a

diagnostic catheter (Simmons 1, Cordis, Hialeah, FL, USA)

was introduced in the common hepatic artery, and two

angiograms (an anteroposterior and 25� right anterior

oblique) were acquired at 3 FPS on a Siemens Artis Zee

system and a Syngo XWP VB21N workstation (Siemens

Healthcare). A Medrad Avanta Mark V ProVis automa-

tized injector (Bayer) was used for injecting 12–15 ml/in-

jection contrast media (Ultravist 370, Bayer) at 3–5 ml/s

flowrate from a 4 Fr catheter positioned in proper hepatic

artery. A cone-beam CT was also acquired to obtain the

liver tumour vascularization map and lesion’s feeders

detection. On the basis of these two imaging modalities, the

best location to perform embolization by microcatheter

(Progreat, Terumo, Tokyo, Japan) was identified, and the

embolization was occurred using LifePearl (Terumo,

Japan) 100 lm or DC beads M1 (Boston Scientific)

microspheres.

Image Processing

Stacked DSA images were generated using the opacifica-

tion function, and the brightness/contrast was optimised on

the Syngo XWP VB21N workstation (Siemens Healthi-

neers AG, Erlangen, Germany). The raw unsubtracted

acquisitions were exported from the Siemens workstation,

and the corresponding DVA images were generated and
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post-processed retrospectively from the same unsubtracted

raw series using the Kinepict Medical Imaging Tool v.5.0

(Kinepict Health, Budapest, Hungary). The post-processed

DSA and DVA images were saved in DICOM format and

were used for CNR calculations and visual evaluation.

CNR Analysis

For CNR measurements, regions of interest (ROI) were

defined on vessels and background regions by using Image

J (v.2.0.0-rc-68/1.52e, Creative Common License, NIH)

Rueden [12]. The vascular and adjacent background ROI

were placed in pairs. The same ROI sets were used on all

corresponding DSA and DVA images. ROI positions were

adjusted when patient positioning or pixel shifting caused

slight geometric differences. CNR values were calculated

for all ROI pairs individually according to the following

formula, wherein Meanv and Meanb referred to mean pixel

intensity values of the vascular and background ROI,

respectively, and Stdb being the background standard

deviation (Rose) [13]

CNR ¼ Meanv �Meanbj j
Stdb

CNRDVA/CNRDSA ratios (R) for each corresponding

DVA and DSA ROIs were calculated.

Visual Evaluation

Visual evaluation was performed by five interventional

radiologist experts in the field of liver catheter-based

treatments with at least 15 years of experience. The readers

were not involved in the treatment of the enrolled patients.

In the single image evaluation only one, randomly

selected DSA or DVA image was visible at a time. The

readers, blinded to the processing modality, evaluated the

IQ using the following 4-grade Likert scale:

1. Poor IQ, vascular structures are not distinguishable

2. Low IQ, good visualization of lobar vessels only

3. Medium IQ, good visualization of lobar and segmental

vessels

4. Good IQ, good visualization of lobar, segmental and

subsegmental vessels

The diagnostic value was evaluated in this survey as the

readers had to judge the visibility of lesions and feeding

arteries using the following options:

1. Not visible

2. Suspected but not definitive

3. Clear identification

The IQ and diagnostic value were also evaluated in a

paired comparison, when a DSA and the corresponding

DVA image were shown simultaneously (but the image

type was undisclosed). The readers had to select a preferred

image and compare the IQ and diagnostic value based on

the visibility of small vessels, lesions and feeding arteries.

The following 5-grade preference scale was used:

1. No difference

2. Slightly better

3. Moderate differences

4. Major differences

5. Better in every aspect

The image type was never disclosed, and the order of

image pairs (i.e. the appearance on the left or right side of

the screen) or the appearance of single images was ran-

domized. Thus, all rating scales were implemented in

blinded and randomized web-based surveys, and the data

were collected automatically in a database for later

processing.

Statistical Analysis

Calculations of CNR and R means, medians and

interquartile ranges were performed using Excel 2016

(Microsoft, Redmond, WA). CNR values were compared

by the Wilcoxon signed-rank test (Prism 8.4.2., GraphPad).

For visual evaluation scores, the mean and standard

error of mean (SEM) were calculated. Because of the non-

Gaussian distribution of data, the median and interquartile

range (Q1–Q3) were also determined. The single image

scores were compared by the Wilcoxon signed-rank test,

the results of the paired image comparison were analysed

by the one sample Wilcoxon test to investigate the relation

of DSA and DVA images (equal quality or superiority),

whereas the single image diagnostic results were analysed

by the two-sided Z test. Kendall’s W was calculated to

describe interrater agreement. The level of significance was

set at p\ 0.05 in all tests.

RESULTS

Patients

Patients (n = 25, 65% male, mean ± SD age:

67.5 ± 11.2 years) with previously diagnosed hepatocar-

cinoma nodules received TACE treatment between January

2021 and June 2021 at the University Hospital ’Policlinico

Umberto I’, and were retrospectively enrolled for image

analysis in a consecutive manner.
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CNR Results

A total of 686 ROI pairs were measured on 50 images.

Table 1 summarizes the results of the CNR measurements.

The mean (± SEM) CNR of DVA images (20.14 ± 0.58)

was significantly higher than that of DSA images

(15.02 ± 0.31, Wilcoxon signed-rank p\ 0.001), the R

(CNRDVA/CNRDSA) value was 1.34 ± 0.04 (Fig. 1).

Visual Evaluations Results

Readers evaluated 50 DSA and 50 DVA images in blinded,

randomized manner. In the single image evaluation (when

only one image appeared on the screen), DVA images

received significantly higher Likert score (mean ± SEM

DVA 3.34 ± 0,08 vs. DSA 2.89 ± 0.11, Wilcoxon signed-

rank p\ 0.001), and similar difference was seen in the

median and IQR values (DSA 3.0, IQR 1.2 vs. DVA 3.4,

IQR 0.55) (Fig. 2). The Kendall W values showed sub-

stantial agreement for DSA (0.610, p\ 0.001) and mod-

erate agreement for DVA (0.423 p\ 0.001).

The diagnostic value was also evaluated during the

single image survey. Readers evaluated the visibility of

lesions and feeding arteries. DVA failed to visualize these

critically important structures in significantly less images

than DSA (8 vs. 28% for lesions, two-sided Z p\ 0.01;

and 16 vs. 32% for feeding arteries, p\ 0.05). There was

no significant difference in the proportion of suspected and

clearly visualized structures, although DVA showed a

tendency to enhance visualization, as it increased by 45 and

63% the number of images with clear lesion and feeding

artery identification, respectively (Fig. 3). The interrater

agreement was moderate for both feeding artery (Kendall’s

W value: DSA 0.541, p\ 0.001, DVA 0.551, p\ 0.001)

and lesion detection (Kendall’s W value: DSA 0.564,

p\ 0.001, DVA 0.561, p\ 0.001).

The paired comparison allowed a side-by-side evalua-

tion of DSA and DVA images in a blinded and randomized

manner. DVA was the preferred image in 80% of com-

parisons (Fig. 4, left panel), and the average score

(mean ± SEM) of the whole image set was 1.44 ± 0.21,

the median score was 1.60 (IQR 2.4), significantly different

from 0 (one-sample Wilcoxon p\ 0.001), which repre-

sented the equal quality level, indicating the superiority of

DVA images (Fig. 4, right panel). The interrater agreement

was also significant (Kendall’s W value: 0.575, p\ 0.001).

Representative image pairs are shown on Fig. 5.

Discussion

The major aim of our study was to compare the perfor-

mance of DSA and DVA in liver TACE intervention.

Although the quality reserve of DVA has already been

demonstrated in lower limb [5–8] and carotid [10]

angiography, these anatomical regions are very different

from the abdominal area, where bone shadow is less

emphasized but bowel gas and intestinal movement arte-

facts might be significant. We have analysed the CNR, an

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

as mean ± standard error of mean (SEM), and as median and

interquartile range (IQR). Wilcoxon signed-rank test was used for

statistical comparison, significance level was set at p\ 0.05. DVA:

digital variance angiography and DSA: digital subtraction angiogra-

phy

CNR R Wilcoxon signed-rank test

DSA DVA DVA/DSA DSA vs. DVA

Mean ± SEM 15.01 ± 0.30 20.14 ± 0.58 1.34 ± 0.02 p\ 0.001

Median (IQR) 13.34 (9.21) 16.02 (14.89) 1.24 (0.69)

Fig. 1 Contrast-to-noise ratio (CNR) results. The box and whisker

plots show the median (line), mean (x), interquartile range (box) and

internal fences (whiskers) of CNR values in each group. Data sets

were analysed by the Wilcoxon signed-rank test (***p\ 0.001).

DVA: digital variance angiography and DSA: digital subtraction

angiography
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objective predictor, and visual evaluation, a subjective

descriptor of image quality. In addition, the diagnostic

value of the image types was also assessed.

In our study, CNR was significantly higher in DVA than

DSA imaging. In terms of absolute values, the CNR DVA

values were lower than those reported in other DVA

applications: in lower extremity regions [5–8] and

endovascular carotid interventions [10]. This may be due to

several factors that may have influenced the final results.

During TACE procedures, motion artefacts may occur due

to breathing, cardiac pulsations, and bowel gas may cause a

loss of important information [14]. Regardless the fact that

the obtained absolute CNR value was lower than in other

anatomical regions, this was sufficient to provide an

advantage of DVA technology over standard DSA in visual

and diagnostic evaluation. Further DVA development,

currently under investigation, may compensate movement

artefact and eliminate bowel gases, thus potentially further

ameliorating diagnostic performance even in the liver field

of application.

The visual evaluation results showed that DVA provides

higher image quality than DSA (Fig. 2), even if the inter-

rater agreement was higher for the DSA images (probably,

because this is the usual image type, the readers met

before). Due to this quality advantage, DVA was able to

improve the percentage of visible lesions (DVA 32% vs.

DSA 22%) (Fig. 3) and to reduce the number of cases, in

which angiography did not depict any lesion (DVA 8% vs.

DSA 28%). Moreover, in terms of feeder vessel detection,

readers evaluation also revealed a significant advantage of

DVA technology over standard DSA. The blinded com-

parison of corresponding DVA and DSA images shows

even more evidently the superiority of DVA in terms of

overall diagnostic value. These data clearly demonstrate,

how DVA technology may provide a major clinical benefit

by allowing the operator to see more lesions and to better

identify feeding vasculature during liver embolization

procedure. DVA may be valuable also during more chal-

lenging TACE interventions (e.g. in case of hypo-vascular

lesions or for tumours located high in the dome), when the
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Fig. 3 Comparison of the diagnostic value of DSA and DVA.

Readers classified each image based on the ability to identify

structures (lesion and feeding arteries) being critically important in

TACE interventions. Two-sided Z test was used for the statistical

comparison of percentage data (*p\ 0.05, **p\ 0.01). TACE:

TransArterial ChemoEmbolization; DSA: digital subtraction angiog-

raphy and DVA: digital variance angiography

Fig. 2 Single image evaluation results. A 4-grade Likert score was

used in the blinded, randomized survey (see Materials and Methods)

to evaluate the image quality of DSA and DVA images. The box and

whisker plots show the median (line), mean (x), interquartile range

(box) and internal fences (whiskers) of single image scores values in

each group. Data sets were analysed by the Wilcoxon signed-rank test

(***p\ 0.001). DVA: digital variance angiography and DSA: digital

subtraction angiography
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Fig. 4 Paired comparison of

DSA and DVA images. Readers

compared the image quality and

diagnostic value of image pairs

in a blinded, randomized

manner, and expressed their

image preference using a

5-grade preference scale. The

left panel shows the distribution

of the average preference scores

of individual image pairs. The

box and whiskers plot shows 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

analysed by the one-sample

Wilcoxon test (***p\ 0.001).

DSA: digital subtraction

angiography and DVA: digital

variance angiography

Fig. 5 Comparison of a

representative DSA (left panels)

and DVA (right panels) image

pairs. More millimetre to

submillimetre arterial vessels

can be depicted on the DVA

images, and both the lesions and

the feeding arteries can be

evaluated more clearly. The

DSA and DVA images were

generated from the same

unsubtracted image series using

the Siemens Syngo or the

Kinepict Medical Imaging Tool

software, respectively
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identification and characterization of lesions by standard

imaging is more difficult, and consequently, their

endovascular treatment is more complicated.

Our results might have further clinical implications. The

observed quality reserve of DVAmight be used to reduce the

radiation exposure to patients and operators, and the amount

of contrast medium administered, as already demonstrated

earlier in other clinical settings: This technology allowed

50% reduction of contrast media in carotid angiography [10]

and 70% reduction of radiation dose in lower limb angiog-

raphy [11] without compromising the image quality and

diagnostic value of stationary acquisitions. The possibility to

reduce contrast medium and/or radiation dose administered

during TACE interventions might be especially important, if

we consider that patients selected for transarterial interven-

tionmay have impaired renal function and usually needmore

than one treatment session. Obviously, validation of these

claims requires further clinical trials, but this study provides

a rationale for the initiation of prospective dosemanagement

trials in TACE.

The study has some limitations. The number of patients

is relatively low, in line with the design of a small cohort

proof-of-concept study, even though the number of evalu-

ated images fully complies with the recommendations of an

FDA guideline on the testing X-ray imaging devices [15].

The breathing artefacts and bowel gases obviously impair

the performance of DVA, which was reflected also by the

smaller difference in CNR values between DSA and DVA.

The quality reserve of DVA is clearly demonstrated even

under the current conditions, and we are confident that new

compensatory algorithms currently under development

(which will reduce or eliminate these disturbing factors)

will increase even more the gap between the two diagnostic

modalities. Another possible limitation of this study is that

the image processing was done off-line in a retrospective

manner as the raw data were exported from the angiogra-

phy computer. Nevertheless, the technology can be oper-

ated in quasi real-time, as the transfer and data processing

take usually less than 2 s. Thus, the DVA image appears on

the operating room monitor almost immediately. Of course,

due to these circumstances, the technology cannot be used

in fluoroscopy, but otherwise the 1–2 s delay is tolerable

for stationary acquisitions. The advantages of DVA in real-

time operation has already been validated in a previous

study on CO2-assisted lower limb interventions [9], but the

possible benefits in TACE interventions should be inves-

tigated in the future in a live setting, when the technology

is fully integrated with the angiography system and DVA

images are available in real time in the operating room.

Conclusion

The results of this study present the application of digital

variance angiography (DVA) in liver embolization proce-

dures. Our data indicate that DVA provides better image

quality and more diagnostic information than DSA; there-

fore, it might be a useful new tool in TACE procedures for

the treatment of liver tumours. The observed quality

reserve of DVA might be used for radiation dose and

contrast agent reduction in TACE; however, these claims

need validation by further prospective clinical studies.
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Kinetic imaging in lower extremity arteriography: comparison to

digital subtraction angiography. Radiology. 2019;290:246–53.

https://doi.org/10.1148/radiol.2018172927.

6. Bastian MB, König AM, Viniol S, Gyánó M, Szöll}osi D, Góg I,
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9. Gyánó M, Csobay-Novák C, Berczeli M, Góg I, Kiss JP, Szigeti
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Rationale and Objectives: TaggedPIn previous clinical studies digital variance angiography (DVA) provided higher contrast-to-noise ratio (CNR)
and better image quality in lower extremity angiography than digital subtraction angiography (DSA). Our aim was to investigate whether
DVA has similar quality reserve in prostatic artery embolization (PAE). The secondary aim was to explore the potential advantages of the
color-coded DVA (ccDVA) technology in PAE. TaggedEnd

Material and Methods: TaggedPThis retrospective study evaluated 108 angiographic acquisitions from 30 patients (mean § SD age 68.0 § 8.9,
range 41-87) undergoing PAE between May and October 2020. DSA and DVA images were generated from the same unsubtracted acqui-
sition, and their CNR was calculated. Visual evaluation of DVA and DSA image quality was performed by four experienced interventional
radiologists in a randomized, blinded manner. The diagnostic value of DSA and ccDVA images was also evaluated using clinically relevant
criteria (visibility of small [< 2.5 mm] and large arteries [> 2.5 mm], feeding arteries and tissue blush) in a paired comparison. Data were
analysed by the Wilcoxon signed rank test or the binomial test, the interrater agreement was determined by the Kendall W or Fleiss Kappa
analysis. TaggedEnd

Results: TaggedPDVA provided 4.11 times higher median CNR than DSA (IQR: 1.72). The visual score of DVA images (4.40 § 0.05) was signifi-
cantly higher than that of DSA (3.39 § 0.07, p < 0.001). The Kendall W analysis showed moderate but significant agreement (WDVA = 0.38,
WDSA = 0.53). The preference of ccDVA images was significantly higher in all criteria (63-89%) with an interrater agreement of 58-79%.
The Fleiss Kappa range was 0.02-0.18, significant in all criteria except large vessels. TaggedEnd

Conclusion: TaggedPOur data show that DVA provides higher CNR and better image quality in PAE. This quality reserve might be used for dose
management (reduction of radiation dose and contrast agent volume), and ccDVA technology has also a high potential to assist PAE inter-
ventions in the future. TaggedEnd

TaggedPKey Words: TaggedEndAngiography, Digital Subtraction, Diagnostic Imaging, Image Enhancement, Subtraction Technique.

© 2022 The Association of University Radiologists. Published by Elsevier Inc. This is an open access article under the CC BY license
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raphy, (ICM) Iodinated Contrast Media, (LUTS) Lower Urinary Tract

Symptoms, (NICE) National Institute for Health and Care Excellence, (PAE) Prostatic Artery Embolization, (ROI) Region Of Interest, (SEM)
standard error of mean, (TURP) Transurethral Resection of the Prostate
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TAGGEDH1INTRODUCTION TAGGEDEND
B enign Prostatic Hyperplasia (BPH) is one of the
most common and frequently treated diseases in
elderly men. Prostatic artery embolization (PAE) is a

new therapeutic approach for lower urinary tract symptoms
(LUTS) associated with BPH (1). The positive effect of PAE
on BPH-associated symptoms was first observed by Demerritt
et al. in 2000 (2). Since then, PAE has been described as an
effective and safe method (3,4) and since 2018 been recom-
mended by the British guideline of the National Institute for
Health and Care Excellence (NICE) (5). Increasing patient
numbers indicate that PAE is gradually accepted as a treat-
ment alternative to traditional transurethral resection of the
prostate (TURP), mainly due to the minimally invasive one-
day surgery approach, the lack of general anaesthesia, and a
low complication rate (5,6).

TaggedPPAE is usually performed in an angiography room under
sterile conditions with C-arm image guidance using digital
subtraction angiography (DSA) and fluoroscopy. The inter-
ventional radiologist has to identify the dominant feeding
artery of the hyperplasic prostate region, then this artery has
to be embolized in order to reduce blood supply of the target
region without embolizing other important arteries (like
pudendal arteries). Pre-existing conditions of elderly patients,
such as atherosclerosis, arterial hypertension, or complex vas-
cular anatomy complicate intravasal navigation of catheters
and anatomical orientation and sometimes bilateral puncture
or a two-stage procedure is required (3,5). During these steps
a large number of DSA acquisitions are prepared, which can
be accounted for the majority (80%-90%) of the total proce-
dural radiation load. Due to this complexity of PAE interven-
tions, high radiation exposures and amounts of contrast agent
are needed (7). increasing the risk of radiation injury,
nephropathy and loss of renal function (7�9).TaggedEnd

TaggedPA recently developed new image processing technology,
digital variance angiography (DVA) might provide dose man-
agement solutions in PAE. DVA is based on the principles of
kinetic imaging (10). While DSA records a native image
before the injection of contrast media, and subtracts this mask
from every subsequent contrasted image frame, DVA does
not use a mask, but calculates the standard deviation of pixel
intensities in an unsubtracted image series for each pixel. This
mathematical algorithm extracts more information from the
raw data than DSA, because it enhances the signal generated
by contrast agents, but suppresses image noise. These features
result in higher image quality, which has been verified in
multiple clinical studies on lower limb angiography using
either iodinated contrast media (ICM) (11�13) or carbon
dioxide (14,15). This quality reserve might provide opportu-
nity for the reduction of radiation exposure (16) or contrast
media (17). Our primary aim was to compare the perfor-
mance of DVA and DSA in terms of CNR and image quality,
in order to investigate whether the precondition of dose
management, the quality reserve of DVA can be observed
690
also in PAE. An additional aim was to investigate the poten-
tial advantages of color-coded DVA (ccDVA) - a recently
developed DVA image modality suitable for the visualization
of certain hemodynamic information-in the visibility of small
[< 2.5 mm] and large arteries [> 2.5 mm], feeding arteries
and tissue blush, as the recognition of these structures is criti-
cally important in PAE. TaggedEnd
TAGGEDH1MATERIALS ANDMETHODSTAGGEDEND

TaggedPIn our observational study image series were retrospectively
collected from patients undergoing PAE at
***BLINDED***. Ethical approval was obtained from the
Institutional Review Board (IRB no. 467-17) with a waiver
for informed consent. TaggedEnd
TaggedH2Patients TaggedEnd

TaggedPBetween May and October 2020, a total of 32 patients were
screened for study inclusion. After exclusion of two patients
due to incomplete PAE intervention (the patients could not
collaborate to follow instructions, therefore the intervention
could not be completed), 30 male patients were included
consecutively. The number of patients was determined on
the basis of an FDA Guideline developed for the concurrence
testing of X-ray imaging devices (18). None of the patients
underwent previous TURP, and 72% of patients received
alpha-1-inhibitors (Prazosin, Tamsulosin) prior to the PAE
treatment, but they were classified as therapy refractory or
showed progredient LUTS under medication. Table 1 shows
the detailed demographic data. TaggedEnd
TaggedH2Study Design TaggedEnd

TaggedPEach patient received a regular PAE-intervention with com-
monly used fluoroscopy and DSA image-guidance. DSA,
DVA and ccDVA images were retrospectively generated
from the stored unsubtracted acquisitions. As primary out-
comes, the contrast-to-noise ratio (CNR) and the visual eval-
uation scores of DSA and DVA images were compared. An
additional paired comparison was performed between DSA
and ccDVA images. Fig. 1 shows the flow chart of the study. TaggedEnd
TaggedH2PAE Procedure TaggedEnd

TaggedPPErFecTED PAE technique (19) was applied, using unilateral
puncture of the right femoral artery in Seldinger technique.
To avoid false embolization and to avoid collaterals, the pros-
tatic artery (PA) was reached superselectively with 2.4F
microcatheters (Progreat; Terumo, Tokyo, Japan). The PA
was embolized as distally as possible aiming for complete sta-
sis. Bilateral embolization was performed in all treatments
using 100-300 mm embolizing spheres. PAE was planned on
an outpatient basis so that all patients were discharged on the
same day. No severe complications were observed. TaggedEnd



TaggedEnd TABLE 1. Demographic Table. Patient Demographics: n
Number of Patients. Values are Mean § Standard Deviation
(range); p < 0.05Indicates a Significant Difference Between
Pre- and Post-PAE Values. IPSS, International Prostate
Symptom Score; QoL, Quality of Life; IIEF, International Index
of Erectile Function; PAE, Prostate Artery Embolization; PV
Prostate Volume

Patient Demographicn = 30

Age, y 68.0 § 8.9 (41-87)
PSA [ng / ml] 1.80 § 0.09 (0.01-2.10)

IPSS score (possible range 0-35)
pre-PAE 20.74 § 7.00 (17-34)
post-PAE 11.33 § 6.03 (5-18)
p-value < 0.001

QoL score (possible range 0-5)
pre-PAE 4.06 § 1.29 (3-5)
post-PAE 2.13 § 1.32 (1-4)
p-value < 0.001

IEEF (possible range 1-30)
pre-PAE 21.50 § 10.15 (9-28)
post-PAE) 24.00 § 10.38 (9-28)
p-value 0.216

PV, [ml]
pre-PAE 75.4 § 49.1 (35.3-107.2)
post-PAE 55.5 § 13.2 (28.9-87.3)
p-value 0.032

TaggedEndAcademic Radiology, Vol 30, No 4, April 2023 DIGITAL VARIANCE ANGIOGRAPHY
TaggedH2Image Acquisition TaggedEnd

TaggedPPAE was performed on a latest generation angiography
suite (ARTIS pheno�; Siemens Healthineers, Forchheim,

TaggedFigure

Figure 1. Flow chart of the study. Elective patients with benign prostatic
lization (PAE) between May and October 2020, were screened for inclusi
ner. All patients received standard treatment, and the observational
subtraction angiography (DSA) images were prepared during the interv
angiography (DVA) images (both normal and color-coded [ccDVA]) were
unsubtracted series as DSA images. Contrast-to-noise ratio (CNR) and s
whereas ccDVA images were compared to DSA images in another blinded
Germany) using fluoroscopy and DSA image-guidance.
Standard, pre-installed image acquisition protocols proto-
cols (CARE aorta, CARE pelvis) were used for DSA
image acquisition (1.17 mGy/frame, 2 fps). A Medrad
Mark 7 Arterion (Bayer AG, Leverkusen, Germany)
automatized injector was used for injecting 15-30 ml/in-
jection ICM (Ultravist 370, Bayer) at 3-10 ml/s flowrate.
Cumulative radiation dose measurements for the proce-
dures resulted in a mean dose are product (DAP) of
19203.24 mGy¢m2 ( § 8293.2, [1028-59234]). Mean
entrance dose (RP) was reported with 272.29 mGy (§
328.19,[110-1006]) and an average of n = 14 ( § 9,[6-
40]) image series was acquired. Mean fluoroscopy time
was 21.43 minutes ( § 11.21,[5.3-47.0]). TaggedEnd

TaggedPAll images were retrieved from the angiography suite as
unsubtracted raw-data (DICOM-files). DSA images (com-
mon cumulative OPAC files) were exported without com-
pression. Mask images were manually chosen by the
discretion of an experienced interventional radiologist with
over 20 years of experience. DVA and ccDVA images were
retrospectively generated on a dedicated local workstation
(Kinepict Medical Imaging Tool, v4.0) using the same raw
DICOM file as for DSA images. TaggedEnd
TaggedH2CNR Calculation TaggedEnd

TaggedPAs described earlier (11), regions of interest (ROI) were defined
on vessels and background regions by using Image J (v.2.0.0-rc-
68/1.52e, Creative Common License, NIH). The vascular and
adjacent background ROI were placed in pairs. ROI positions
hyperplasia (BPH), referred to our institute for prostatic artery embo-
on. Patients with completed PAE were added in a consecutive man-
study was performed retrospectively (dashed rectangle). Digital

ention by the Siemens Syngo workstation, whereas digital variance
generated later by the Kinepict Medical Imaging Tool from the same
ingle image visual score was determined for DSA and DVA images,
and randomised survey. TaggedEnd
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were adjusted when patient positioning or pixel shifting caused
slight geometric differences. CNR values were calculated for all
ROI pairs individually according to the following formula (20),
wherein Meanv and Meanb referred to mean pixel intensity val-
ues of the vascular and background ROI respectively and Stdb
being the background standard deviation

CNR ¼ jMeanv �Meanbj
Stdb

CNRDVA/CNRDSA ratios (R) for each corresponding DVA
and DSA ROIs were calculated (Table 2). TaggedEnd
Figure 2. Contrast-to-noise ratio (CNR) results. The box and
whisker plots show the mean (x), median (line), interquartile
range (box) and internal fences (whiskers) of CNR values in
each group. The paired data were analysed by the Wilcoxon
signed rank test (*** p < 0.001). Abbreviations: DVA: digital vari-
TaggedH2Visual Evaluation TaggedEnd

TaggedPA blinded evaluation of images was done by four interven-
tional radiologists (the number after the initials represent the
relevant experience in years: AA 5, BB 7, CC 25, DD 6).
DVA and DSA images were evaluated using the following 5-
grade rating scale:
TaggedEndTaggedP

(1)Non-diagnostic TaggedEnd
TaggedP
ance angiography; DSA digital subtraction angiography. TaggedEnd
(2)Low TaggedEnd
TaggedP

(3)Medium TaggedEnd
TaggedP

(4)Good TaggedEnd
TaggedP

(5)Outstanding TaggedEnd

TaggedPFor further details see Fig. 3. The rating scale was imple-
mented in a blinded and randomized web-based survey and
data were collected automatically in a data base for later proc-
essing. TaggedEnd

TaggedPDSA and ccDVA images were evaluated in a paired com-
parison, where the experts had to choose between the DSA
TaggedEnd TABLE 2. Comparison of Digital Subtraction Angiography (DSA) a
Readers Evaluated four Subcategories (visibility of large and smal
Options DSA Is Better, ccDVA Is Better, or No Difference. As Tissue
These Categories There Was a Fourth Option (not relevant). Only Th
Readers Recognized and Rated the Given Structure (see Eq). The
ccDVA, ‘equal’ if Exactly Two Readers Selected ccDVA, and ‘DSA’
See the Materials and Methods Section. The Significance of Pref
Agreement Was Analysed by the Fleiss Kappa Test, and Included
Structure

Category DSA
(a)

Equal
(b)

ccDVA
(c)

Not
Relevant
(d)

Total
Images
(e = a+b+c+d)

Large vessel 12 28 68 - 108

Small vessel 6 17 85 - 108

Tissue blush 4 4 62 38 108

Feeding artery 5 12 62 29 108
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and corresponding ccDVA image in terms of visibility of
small
[< 2.5 mm] and large arteries [> 2.5 mm], feeding artery and
tissue blush. There were four options: DVA is better, DSA is
better, no difference, and in case of tissue blush and feeding
artery an additional option (not relevant) was available, for
indicating that the structure was not visible on the image.
Only those images were included in the statistical analysis,
where all four readers recognized the given structure. In the
nd Color-coded Digital Variance Angiography (ccDVA) Images.
l vessels, tissue blush, feeding artery), Where They Had Three
Blush and Feeding Arteries Were Not Present in All Images, in
ose Images Were Included in the Final Analysis, Where All four

Image Was Rated as ‘ccDVA’, if at least three readers selected
if Maximum One Reader Voted for ccDVA. For Further Details,
erence Values Was Evaluated by the Binomial Test. Interrater
Only Those Images Where All Readers Recognized the Given

DVA Preference
(f = 100*c/[e-d])

Binomial
Test p

Interrater
Agreement
(image number)

Fleiss
Kappa

Kappa p

63 % (68/108) < 0.005 58 % (373/648)
(n = 108)

0.02 0.61

79 % (85/108) < 0.001 70 % (452/648)
(n = 108)

0.13 0.001

89 % (62/70) < 0.001 79 % (332/420)
(n = 70)

0.18 < 0.001

79 % (62/79) < 0.001 65 % (306/474)
(n = 79)

0.07 < 0.001



TaggedFigure

Figure 3. Visual evaluation of digital subtraction angiography
(DSA) and digital variance angiography (DVA) images. The box and
whisker plots show the mean (x), median (line), interquartile range
(box) and internal fences (whiskers) of the 5-grade Likert scale
scores in each group. (1) Non-diagnostic: unsuitable for diagnosis
(2) Low: main vessels are distinguishable but not examinable. (3)
Medium: sufficient for diagnosis in the main arteries, but smaller ves-
sels and collateralization are not examinable. (4) Good: both smaller
and the main vessels are examinable, suitable for everyday use (5)
Outstanding: much richer in details compared to the everyday rou-
tine, makes decision-making easier. The paired data were analysed
by the Wilcoxon signed rank test (*** p < 0.001). TaggedEnd
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final analysis the ‘DSA is better’ and ‘equal’ judgments were
cumulated and compared to the ‘DVA is better’ option. For
any image, ‘DVA is better’ was the final judgement if at least
three readers selected the DVA image, and ‘equal’ if exactly
two readers voted for DVA. In any other cases the outcome
was ‘DSA is better’. For further details see Fig. 5 and Table 2.TaggedEnd
TaggedH2Statistical Analysis TaggedEnd

TaggedPCalculations of CNR and R medians and interquartile ranges
were performed using Excel 2016 (Microsoft, Redmond,
WA). CNR values were compared by the Wilcoxon signed
rank test (Prism 8.4.2., GraphPad). TaggedEnd
TaggedPFor visual evaluation scores, the mean and standard error of

mean (SEM), and because of the non-Gaussian distribution of
data, the median and interquartile range (IQR) were also cal-
culated. The visual scores of the corresponding DSA and
DVA images, generated from the same unsubtracted image
series, were compared by the Wilcoxon signed rank test, The
level of significance was set at p < 0.05 in all tests. The inter-
rater agreement was analyzed by the Kendall’s W test. TaggedEnd
TaggedPFor the DSA-ccDVA comparison the binomial test was

used. Interrater agreement was analysed by the Fleiss kappa
test. In the tissue blush and feeding artery categories only
those images were included in the analysis, where all readers
recognized the evaluated structure. TaggedEnd
TAGGEDH1RESULTS TAGGEDEND

TaggedPOur retrospective observational study included 30 male
patients undergoing PAE (mean § SD age 68.0 § 8.9, range
41-87) at our institute. Table 1 shows the detailed demo-
graphic data. Patients were enrolled in a consecutive manner.
The exclusion criteria and the flow chart are shown on Fig. 1. TaggedEnd
TaggedH2CNR Calculations TaggedEnd

TaggedPCNR data were calculated on 108 DSA and DVA image pairs
using 1418 ROI pairs. The median CNR for DSA images
was 7.33 (IQR: 6.40), whereas for DVA it was 29.99 (IQR:
25.93), thus DVA provided a significantly higher (Wilcoxon
signed rank p < 0.001), more than 4-fold CNR than DSA
(Fig 2), the median R value was 4.11 (IQR: 1.72). TaggedEnd
TaggedH2Visual Evaluation I: Single-image Evaluation of DSA and
DVA Images TaggedEnd

TaggedPThe visual evaluation of 108 DSA and 108 DVA images was
performed in a blinded and randomized manner by four read-
ers using a 5-grade Likert scale. DVA images received a signif-
icantly higher visual score (Mean § SEM was 4.40 § 0.05,
Wilcoxon signed rank p < 0.001) than DSA images (3.39 §
0.07). Score values showed a highly asymmetric distribution
(Fig 3), therefore the median and IQR values were also cal-
culated, yielding a similar difference between DVA (4.50,
IQR: 0.75) and DSA (3.50, IQR: 1.00) images. The inter-
rater agreement was 87% and 92% in the DSA and DVA
groups, respectively. The Kendall W analysis showed a mod-
erate but significant agreement in both groups (DVA
W = 0.38, DSA W = 0.53). Fig. 4 shows representative DSA
and DVA images for comparison. TaggedEnd
TaggedH2Visual Evaluation II: Paired Comparison of DSA and
ccDVA Images TaggedEnd

TaggedPFor the paired evaluation, the readers had to compare DSA
and corresponding ccDVA images regarding different clini-
cally important aspects, such as the visibility of large vessels,
small vessels, feeding artery and tissue blush. The preference
of ccDVA images was significantly higher in all evaluated cat-
egories (binomial test p < 0.01). The best performance was
observed in the visibility of tissue blush (89%), the preference
was slightly lower in the small vessels (preference 79%) and in
the feeding artery category (79%), whereas the least advantage
was observed regarding the visualisation of large vessels (63%)
(Fig 5). As feeding arteries and tissue blush were not visible in
all image pairs, only those answers were included in the statis-
tical analysis, where all readers recognized and judged these
structures (70 and 79 images in the tissue blush and feeding
artery categories, respectively). The interrater agreement
ranged between 58% and 79%, the Fleiss Kappa analysis
showed slight agreement in all categories ranging from 0.02
(large vessels) to 0.18 (tissue blush), which was significant in
693
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Figure 4. Representative digital subtraction angiography (DSA, left side) and digital variance angiography (DVA, right side) images of the
common iliac artery after manual application of 8ml contrast agent bolus (4 ml Vispaque 320 and 4 ml NaCl 0.9% solution) through a pigtail
catheter in a 78 year-old patient receiving PAE. Little difference can be observed at the level of large vessels, but small arteries have sharper
contour and the overall background noise is lower in DVA images. The lower panels show the magnification of the marked segments of upper
images. (Color version of figure is available online.) TaggedEnd
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small vessels, tissue blush and feeding artery visibility. The
detailed results with statistical evaluation are shown in Table 2.
Fig. 6 shows a representative DSA-ccDVA image pair. TaggedEnd
TAGGEDH1DISCUSSION TAGGEDEND

TaggedPOur aim was to compare the image quality of DVA to that of
DSA in context of PAE. The primary question was whether
the previously observed quality advantage of DVA, described
in endovascular lower limb procedures (11�14,16), also exists
in prostatic interventions. Our data show that DVA provides
more than four-times higher CNR than the traditionally
used DSA and this objective advantage is reflected also in sub-
jective visual evaluation, as the Likert score of DVA images
was one unit higher than that of DSA images. These data
clearly verify the quality reserve of DVA in PAE. A secondary
aim was to compare the performance of ccDVA with DSA.
The visual comparison data show that ccDVA provides a
694
better insight in the clinically relevant domains, as it particu-
larly improves the visualization of tissue blush (DVA prefer-
ence 89%) small vessels (DVA preference79%), and feeding
arteries (DVA preference 79%). These structures are critically
important in PAE procedure, therefore ccDVA might be a
very useful tool to avoid complications (such as non-target
embolization of important collaterals), judge the efficacy of
embolization during intervention, shorten intervention time
and, thereby of all, improve clinical outcome. These potential
benefits, however, have to be verified in carefully designed
prospective studies. TaggedEnd

TaggedPOur data might have major clinical implications. Previous
studies have shown that the quality reserve of DVA can be
effectively used for dose management. DVA allowed 50%
reduction of contrast media without compromising the image
quality in carotid angiography (17). A recent report has
shown that 70% reduction of the dose/frame value in lower
limb angiography yielded 68% reduction of the DSA-related
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Figure 5. Comparison of digital subtraction angi-
ography (DSA) and color-coded digital variance
angiography (ccDVA) images. Readers performed a
paired comparison, and evaluated the visibility of
large and small vessels, tissue blush and feeding
arteries. In these categories there was also a ‘no dif-
ference’ option, and for the tissue blush and feeding
artery an additional ‘not relevant’ option, to exclude
those images where the structures were not visible.
For further details, see the Materials and Methods
section and Table 2. The ccDVA preference over the
cumulated ‘DSA’ or ‘no difference’ options was sig-
nificantly higher in all categories using the binomial
test. (Color version of figure is available online.) TaggedEnd
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dose-area-product, and DVA with reduced radiation dose
provided non-inferior image quality in the abdominal and
femoral regions, and superior image quality in the crural
region compared to full dose DSA images (16). As PAE has
been reported as effective as TURP in improving subjective
symptom scores, with fewer complications and shorter hospi-
talization times (6), the procedure will play an increasing role
in the treatment of BPH. The associated radiation burden,
TaggedFigure

Figure 6. Representative example of digital subtraction angiography (D
a 63 year-old patient. Left: Application of 6 ml contrast agent (3 ml Vispaq
at the origin from the distal internal iliac artery (black arrow). The prostatic
Proximal of the origin of the PuA the inferior vesical artery (IVA) is visible (l
nosis. Right: The colors represent the time elapsed until the appearance
color progression from orange to blue is visible, indicating a slower flow. S
lateralization of dominant prostatic artery to the pudendal areas (**) have a
attenuation. (Color version of figure is available online.) TaggedEnd
however, might be a risk for the patients (7�9) and also for
the medical staff (8,21,22), and the contrast agents used might
increase the risk of renal impairments (17,23,24). Thus, the
dose management efforts might be crucial in PAE, and DVA
has the potential to address these problems. The dose man-
agement capabilities of DVA in PAE have to be validated in
further clinical studies.TaggedEnd
SA) and color-coded digital variance angiography (ccDVA) images in
ue 320 and 3 ml NaCl 0.9% solution) in the left pudendal artery (PuA)
artery (short white arrow) is visible as a direct branch from the PuA.

ong white arrow), with a proximal smaller lumen, suspicious for a ste-
of the contrast media in a specific blood vessel segment. In the IVA,
maller vessels, like the characteristic corkscrew pattern (*) or the col-
higher visibility, and parenchymal blush is visible as greenish diffuse
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TaggedPThe comparison of DSA and ccDVA images clearly show,
that the color-coded technology provides more information
on small arteries, tissue blush and feeding arteries. The idea of
color-coded imaging is not new. Major manufacturers have
already developed their own solutions (25,26) to visualize the
temporal appearance of contrast media in blood vessels in a
single composite image, where the different colors represent
the time elapsed until the contrast media reaches a specific
vessel segment. This parametric imaging can help the under-
standing of hemodynamic conditions. Nevertheless, it
requires a high frame rate (4-7.5 fps) to obtain good time res-
olution and a relatively long acquisition time (8-10 s) to also
visualize the venous phase, therefore the method is not wide-
spread because of the required high radiation dose. As ccDVA
is based on the DVA technology, it might substantially reduce
the radiation burden because of its dose management capabil-
ities, thereby it might help the use of parametric imaging by
reducing the associated risks. TaggedEnd

TaggedPOur study has several limitations. First, as it was designed as
a small-cohort proof-of-concept retrospective study, the
number of patients is relatively low, nevertheless, the number
of analysed images allows to reach statistically valid conclu-
sions. Second, all DVA and ccDVA images were generated in
a retrospective manner from the unsubtracted acquisitions,
therefore they could not serve any help for the medical staff
during the interventions. As the DVA workstation has already
been installed in the operating room, our future clinical
investigations will use real-time data processing (14). Third,
the color-coded imaging is a parametric technology, which
requires a quantitative analysis, but in our case we have used
only a qualitative evaluation. In further studies we will use
the parametric ccDVA tool, which provides quantitative
information on the hemodynamic conditions. TaggedEnd
TAGGEDH1CONCLUSION TAGGEDEND

TaggedPIn conclusion, our study demonstrated that DVA can provide
higher CNR and better visual image quality in PAE than
DSA. This quality reserve might be used for dose manage-
ment of radiation and contrast media amount. The qualitative
evaluation of ccDVA suggests that the technology might help
the decision-making process during PAE interventions. The
verified quality reserve of DVA and the advantages of ccDVA
provide a basis for further prospective clinical studies in the
field of PAE and possibly other embolization settings. TaggedEnd
TAGGEDH1FUNDING TAGGEDEND

TaggedPThe study was supported by the European Commission EIC
Accelerator Pilot grant (968430 KMIT-ACC), the National
Research, Development and Innovation Office of Hungary
(NKFIA; NVKP-16-1-2016-0017 National Heart Program,
and 2020-1.1.5-GYORS�IT �OS�AV-2021-00018) and by the
Thematic Excellence Program (2020-4.1.1.-TKP2020) of
the Ministry of Innovation and Technology of Hungary,
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within the framework of the BIOImaging Excellence pro-
gram at Semmelweis University. TaggedEnd
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Abstract: The evaluation of hemodynamic conditions in critical limb-threatening ischemia (CLTI)
patients is inevitable in endovascular interventions. In this study, the performance of color-coded
digital subtraction angiography (ccDSA) and the recently developed color-coded digital variance
angiography (ccDVA) was compared in the assessment of key time parameters in lower extremity
interventions. The observational study included 19 CLTI patients who underwent peripheral vas-
cular intervention at our institution in 2020. Pre- and post-dilatational images were retrospectively
processed and analyzed by a commercially available ccDSA software (Kinepict Medical Imaging Tool
6.0.3; Kinepict Health Ltd., Budapest, Hungary) and by the recently developed ccDVA technology.
Two protocols were applied using both a 4 and 7.5 frames per second acquisition rate. Time-to-peak
(TTP) parameters were determined in four pre- and poststenotic regions of interest (ROI), and ccDVA
values were compared to ccDSA read-outs. The ccDVA technology provided practically the same TTP
values as ccDSA (r = 0.99, R2 = 0.98, p < 0.0001). The correlation was extremely high independently of
the applied protocol or the position of ROI; the r value was 0.99 (R2 = 0.98, p < 0.0001) in all groups.
A similar correlation was observed in the change in passage time (r = 0.98, R2 = 0.96, p < 0.0001). The
color-coded DVA technology can reproduce the same hemodynamic data as a commercially available
DSA-based software; therefore, it has the potential to be an alternative decision-supporting tool in
catheter labs.

Keywords: color-coded parametric imaging; digital subtraction angiography; digital variance
angiography; time–density curve; peripheral artery disease; critical limb ischemia

1. Introduction

Minimally invasive endovascular interventions play an increasingly important role
in the treatment of cardiovascular disorders and certain types of benign or malignant
oncological states [1]. These procedures require a detailed visualization of blood vessels
during the intervention. The reference standard method for this purpose is digital sub-
traction angiography (DSA), which subtracts a mask image from the subsequent contrast
agent-enhanced image series, thereby allowing it to show the vasculature in the site of
intervention without other disturbing anatomical structures [2].

The morphological analysis of key lesions can be performed by measuring the degree
of stenosis; however, the visual evaluation of gray-scale DSA images gives two-dimensional
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projected information of a three-dimensional structure, which can lead to misdiagnosis
by evaluating a stenotic vascular segment as normal. Without a quantitative evaluation
of hemodynamic conditions, the intraprocedural assessment of stenotic lesions can be
subjective. In response to this medical need, a new quantitative technology, called color-
coded parametric angiography (also termed as color-coded DSA, quantitative DSA, or
two-dimensional perfusion angiography), has been developed [3–6]. The method creates
a time–density (also called time–attenuation) curve and extracts time- and attenuation-
related parameters from DSA acquisition. These parameters are used to create a color-coded
image, where the colors represent the arrival time of the contrast agent at any point of the
angiogram (the earliest is red, the latest is blue) and the brightness is proportional to the
attenuation. Thus, this single image contains quantifiable spatiotemporal information on
the blood flow and visualizes hemodynamic conditions in the target area.

Color-coded parametric imaging has been tested in a number of clinical studies over
the last 15 years [5–18]. Certain ccDSA parameters showed strong correlation with the
clinical outcome in stroke treatment [7,8] and helped the evaluation of carotid cavernous
fistulas better than gray-scale DSA videos [9]. In comparison with DSA videos, color-coded
images significantly improved diagnosis and treatment planning in cerebrovascular dis-
orders, and the positive effect was greater for less experienced readers [5]. Parametric
imaging proved to be useful in other endovascular procedures as well, including lower limb
interventions [10,11], the intraprocedural evaluation of type B aorta dissections in thoracic
endovascular aortic repair [12], the identification of bleeding points [13], the intraprocedu-
ral evaluation of genicular embolization [14], spleen embolization [15], the evaluation of
hemodynamic changes during the endovascular treatment of brain arteriovenous malfor-
mations [16], and the prediction of brain aneurysm occlusion after embolization [17,18]. In
spite of these promising results, the ccDSA technology did not become an everyday tool
because of certain disadvantages (e.g., the high radiation load during ccDSA acquisitions).

Digital variance angiography (DVA) is a recently developed image processing alterna-
tive to DSA. The technology is based on the principles of kinetic imaging [19]. In contrast
to DSA, DVA does not use a mask for subtraction. Instead, DVA calculates the standard
deviation of changing pixel intensities for each pixel, which generates a standard deviation
map, the so-called DVA image. The motion of the contrast agent creates high standard
deviation values, while the stationary background and the background noise give low
standard deviation values, resulting in high contrast and a greatly improved image quality.
This quality advantage has been validated in lower limb interventions [20–23], carotid an-
giography [24], prostatic artery embolization [25], and the transarterial chemoembolization
of liver tumors [26].

The quality reserve of DVA also provides opportunity for dose management [24,27,28].
As the technology can generate color-coded DVA (ccDVA) images, our hypothesis was
that ccDVA could solve the problem of a high radiation dose of ccDSA, provided it can
reliably reproduce the parametric data generated by ccDSA. This assumption is not evident
as the algorithms of DSA and DVA are completely different. Our aim, therefore, was to
compare the key time-related parameter, the time to peak (TTP), obtained with DVA, to
the TTP values of a commercially available color-coded DSA software in the lower limb
intervention of patients with critical limb-threatening ischemia (CLTI) in order to provide
evidence for the validity of ccDVA measurements.

2. Materials and Methods
2.1. Patients

Our retrospective observational study prospectively enrolled 19 CLTI patients (mean ± SD
age 68.6 ± 8.0 years, 42% male) (Fontaine stage III–IV) who underwent peripheral vascular
intervention at the Heart and Vascular Center, Semmelweis University, between September
and December of 2020. The detailed demographic data are shown in Table 1. All patients
signed an informed consent and permitted the use of their anonymous acquisitions for
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research purposes. There was no change in the interventional protocol recommended for
color-coded imaging, and the standard of care was given to all subjects.

Table 1. Demographic data.

Sex Number
of Patients

Age 1

(Years) BMI 1 GFR 1 (mL/min/1.73 m2)

Male 8 69.6 ± 7.0 25.0 ± 4.5 65.3 ± 26.7
Female 11 67.9 ± 8.8 26.6 ± 4.6 55.8 ± 26.2

1 All data are mean ± SD. BMI: body mass index. GFR: glomerular filtration rate.

2.2. Image Acquisition

Each procedure was performed from either a brachial or femoral access using the
Seldinger technique and locoregional anesthesia. Image acquisition was made on a Siemens
Artis Zee system (Siemens Healthineers, Erlangen, Germany), which included the para-
metric angiography software iFlow (Siemens Healthineers, Erlangen, Germany) with a
Medrad Avanta automated injector (Bayer, Berlin, Germany). During the procedure, a
pre-interventional angiogram was created by injecting 3–8 mL of iodinated contrast media
(Ultravist 370, Bayer) at a 2–6 mL/s flowrate through a single endhole catheter placed
selectively into the target artery, which was the superficial femoral artery in 45% (n = 10),
the popliteal artery in 27% (n = 6), the common or external iliac artery in 18% (n = 4), and
the crural branches in 9% (n = 2) of all cases (n = 22). Image acquisition occurred at 4 or
7.5 frames per second (FPS). These higher rates are recommended for the generation of
good quality color-coded images by the iFlow software (Syngo Workplace version VD11B,
Siemens, Germany). The treatment of stenoses was conducted by “plain-old-balloon-
angioplasty (POBA)” and/or by the placement of a self-expanding stent into the artery.
Three patients had multiple level lesions, and they were treated in two sessions. These
interventions were handled as separate cases.

2.3. Image Processing

Pre- and postinterventional color-coded images were generated retrospectively. The
ccDSA images were prepared from the DSA acquisitions by the iFlow software package
running on a Syngo workstation (XVP VD11B and VD11C; Siemens Healthineers, Er-
langen, Germany), whereas the ccDVA images were calculated from the unsubtracted
raw acquisition by the Kinepict Medical Imaging Tool software (KMIT 6.0.3; Kinepict
Health, Budapest, Hungary) running on a separate computer. Each workstation allowed
further postprocessing, such as pixel shift for motion correction and setting the brightness
and contrast.

2.4. Data Collection

Each software allows the placement of regions of interests (ROIs), for which they can
generate time–attenuation curves. These curves can be used to calculate the time-to-peak
(TTP) parameter, which gives the time from the start of acquisition until the development
of the maximum average contrast intensity in the given ROI (Figure 1).

Usually, 4 ROIs were placed on the images: the first being 5–10 cm proximally from
the stenotic lesion; the second being at the beginning of the lesion; the third being at
the end of the lesion; and the fourth being 5–10 cm distally from the lesion. (Figure 2).
In three cases, the fourth ROI could not be placed due to anatomical reasons. Only the
ROI1-ROI3 data were included in calculations for these patients, and they were excluded
from passage time calculations (see below). The same ROI sets were used on the pre- and
postinterventional images.
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Figure 2. Typical placement of region of interests (ROIs) on a color-coded DVA image. The color
bar shows the connection between the colors and the elapsed time (in seconds) measured from
the injection of contrast media. In three cases (iliac and talocrural lesions), there was no space to
place the fourth ROI. The ‘change in passage time’ calculations did not include these patients. The
numbers besides the round shaped selections (ROIs) are serial numbers, indicating the sequence of
ROI placement.
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As our aim was to compare the performance of KMIT to iFlow, the placement of ROIs
on DSA images defined the position of ROIs on DVA images. The analogous ROIs were
placed at identical positions with identical sizes, with the help of an open-source mouse-
position tracking software (MPos, version 0.5, Bluegrams, https://github.com/Bluegrams,
accessed on 13 October 2024).

Passage time was defined as the difference between TTPROI4 and TTPROI1, i.e., the
time necessary for the bolus to flow across the target area. The change in passage time is
the difference between the passage time before and after intervention. This parameter is an
indicator of treatment efficacy, and normally, a positive number being used as the passage
should be accelerated due to angioplasty/stenting.

2.5. Data Analysis

TTP data were separately analyzed according to the acquisition protocol and the
ROI position. The change in passage time was also compared between the two parametric
imaging technologies. The TTP and passage time parameters calculated by iFlow and KMIT
were compared using the Pearson correlation test. SPSS (version 28, IBM Corp Armonk,
NY, USA) and Prism 8.4 (GraphPad, San Diego, CA, USA) were used for statistical analysis.

3. Results

Altogether twenty-two pre-interventional and twenty-two postinterventional acqui-
sitions were processed from nineteen patients, as two independent interventions were
included from three patients. Two different acquisition protocols (4 FPS and 7.5 FPS) and
four ROI positions (ROI1-4) were tested, except for in three patients, where only three
ROI positions (ROI1-3) could be placed. All these patients belonged to the 4 FPS group.
When the change in passage time was investigated, only those patients who had four ROIs
were included.

3.1. Correlation of TTP Parameters in Different Acquisition Protocols

The correlation was not dependent on the acquisition protocol and was extremely
high in all cases (Figure 3). The Pearson correlation coefficient (r) was 0.99 (p < 0.0001) and
the R2 was 0.98 in both the 4 FPS and the 7.5 FPS groups (Table 2).
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Table 2. Pearson correlation analysis of time-related parameters. TTP: time to peak; ROI: region of
interest; n: the number of ROI pairs included in the analysis, FPS: frame per second.

Correlation Group (n) Pearson r 95% Confidence
Interval R2 Two-Tailed p

TTP 4 FPS (106) 0.9889 0.9837–0.9924 0.9779 <0.0001
TTP 7.5 FPS (64) 0.9917 0.9864–0.9950 0.9835 <0.0001
TTP ROI1 (44) 0.9899 0.9814–0.9845 0.9799 <0.0001
TTP ROI2 (44) 0.9903 0.9822–0.9947 0.9807 <0.0001
TTP ROI3 (44) 0.9902 0.9819–0.9947 0.9804 <0.0001
TTP ROI4 (38) 0.9904 0.9814–0.9950 0.9808 <0.0001

TTP all ROI (170) 0.9905 0.9871–0.9930 0.9811 <0.0001
∆ passage time 1 (19) 0.9806 0.9491–0.9927 0.9615 <0.0001

1 The change in passage time (∆) was calculated as the differences in (TTPROI4-TTPROI1) before and after intervention.

3.2. Correlation of TTP Parameters in Different ROI Positions

The correlation was not dependent on the ROI position and was extremely high in all
cases (Figure 4). The Pearson correlation coefficient (r) was 0.99 (p < 0.0001) and the R2 was
0.98 in all ROI positions (Table 2).
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3.3. Correlation of Change in Passage Time Following the Intervention

The passage time (for more details, see the ‘Material and Methods’ section) is an
important parameter which characterizes the hemodynamic conditions of in the target area.
Beyond the raw TTP data, our aim was to test the changes in this functional parameter
that can reflect the efficacy of treatment. The change in passage time was detected very
similarly by both technologies; the correlation was extremely high (Figure 5). The Pearson
correlation coefficient (r) was 0.98 (p < 0.0001) and the R2 was 0.96 (Table 2).
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and after intervention.

4. Discussion

Our aim was to investigate the reliability of ccDVA to determine time-related param-
eters in lower limb interventions aiming to restore or improve the circulation in lower
extremity arteries of CLTI patients. For this purpose, we compared the TTP values obtained
by ccDVA to those obtained by a commercially available ccDSA software. The comparison
was justified as the two technologies use different algorithms. The ccDSA software extracts
data from the subtracted DSA acquisition, while the ccDVA software calculates parametric
data from the raw unsubtracted series. The correlation analysis clearly shows that ccDVA re-
produces the TTP parameters of the ccDSA software with high fidelity, and the performance
is not dependent on the applied frame rate or the position of the ROIs. Another time-based
parameter, the change in the passage time was also compared as this value might help to
evaluate the efficacy of intervention. Again, the DVA-based software gave practically the
same values as the DSA-based solution, indicating that the time parameters obtained with
ccDVA are valid and can be used in clinical practice similarly to the commercially available
comparator technology.

The principles of color-coded angiographic imaging emerged four decades ago [3,4],
but the major angiography manufacturers introduced their own color-coded solutions
only in the last 10–15 years. Although clinical studies indicated the potential usefulness
of this technology [7–18], color-coded parametric imaging is not very widespread. There
are several factors that make daily use difficult. It is essential to define strict clinical
protocols for this type of imaging for the sake of reproducibility and for valid, clinically
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useful measures. Besides image acquisition parameters, other circumstances should be
considered, such as fixing the patient’s leg with special equipment (footrest) to minimize
motion artifacts, which may distort results and may not be eliminated by image registration
algorithms. Nevertheless, perhaps the most severe problem is that good quality color-coded
images require repeated longer acquisitions with higher frame rates (4 FPS and above) in
order to obtain good time resolution and a clear picture on the hemodynamic conditions.
This is a very significant radiation burden for the patients and for the medical staff as well.

Clinical significance. The recently developed DVA technology provides higher CNR
and better image quality than DSA [20–26], and this quality advantage can be used for
dose management. DVA allowed for the reduction in the dose/frame parameter by 70%,
which resulted in a more than 60% reduction in the DSA-related DAP values without
compromising the image quality of angiograms [27,28]. As the ccDVA technology proved
to be a reliable substitute for the currently available DSA-based parametric imaging, it
could solve the problem of high radiation burdens through its dose management capability
and could help in the wide-spread use of color-coded parametric imaging.

Limitations. The study involved a relatively low number of patients. Nevertheless, the
larger number of measurement points increased the power of calculation and was sufficient
to reach a solid conclusion. Another limitation is that we have tested only the time-related
parameters. Both software can also calculate attenuation-related parameters, like the area
under curve or the peak attenuation. Nevertheless, these parameters have arbitrary units
and are less indicative when small ROIs are used (like in our case), which includes only
a blood vessel cross section. The reliability of these parameters could be investigated in
perfusion-type interventions, where the judgment of tissue blush or the arteriovenous
phase is more important. Based on the current positive results, we plan to perform such
studies in the field of prostatic artery embolization, uterine fibroid embolization, or cerebral
imaging after thrombectomy.

5. Conclusions

Our data clearly show that the color-coded DVA technology can reproduce the same
time-related parameters as the commercially available DSA-based color-coded parametric
imaging; therefore, ccDVA can be a potential alternative in clinical practice. The previously
described quality reserve of DVA might allow for a very significant reduction in the
radiation dose applied during color-coded imaging, which might help to increase the
use and significance of parametric imaging in endovascular intervention. However, the
validation of these claims requires further prospective clinical studies.
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