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Rationale and objectives: To evaluate if higher contrast medium injection 

pressure can improve image quality of digital subtraction angiography (DSA) 

in liver-directed interventions.

Materials and methods: Prospective single-center study including twelve 

patients with hepatocellular carcinoma (n = 11) or liver metastases (n = 1) 

undergoing intra-arterial therapies to systematically compare DSA image 

quality (primary endpoint) and radiation exposure (secondary endpoint) using 

two microcatheters with maximum application pressures 750 (“C750”) and 

1,200 PSI (“C1200”). Patients underwent two DSAs with both microcatheters 

placed in the common hepatic artery. Application pressure, contrast medium 

flow, volume, and dose area product were recorded. Image quality was 

evaluated using a customized questionnaire and quantified by calculating 

signal- and contrast-to-noise-ratios, and vessel-to-liver signal intensity ratio. 

Results were compared by paired t-test and Wilcoxon Signed-Rank test.

Results: Image quality using C1200 (achieved 917 ± 94 PSI) was rated more 

favorably than C750 (731 ± 45 PSI). C1200 reached higher scores of artery 

visualization in 72% cases, and significantly outperformed C750 regarding 

tumor blush in 100% (p < 0.001). Contrast-to-noise-ratio were significantly 

higher in C1200 (p < 0.001) and vessel-to-liver intensity ratios were 

significantly lower (p = 0.001), both reflecting improved visualization and 

delineation of liver vessels. Signal-to-noise ratio did not differ significantly. 

Mean dose area product was comparable (C1200; 371.9 vs. 374.8 μGym2).

Conclusion: The results suggest benefits of standardized CM injections for DSA 

using higher application pressure to enhance image contrast and tumor 

demarcation during IAT.
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Key points

• The effect of contrast media injection pressure on image quality 

is unexplored.

• Higher injection pressure using 1,200 PSI microcatheter 

improved angiographic image quality.

• A 1,200 PSI microcatheter showed superior arterial contrast 

and tumor blush visualization.

• The 1,200 PSI microcatheter achieved higher contrast-to-noise 

ratios (p = 0.001) in quantitative analysis.

1 Introduction

Hypervascular liver tumors, including hepatocellular carcinoma 

(HCC) and certain liver metastases, are characterized by a 

richer arterial blood supply than the surrounding normal liver 

tissue (1). Intra-arterial therapies (IATs) such as transarterial 

chemoembolization (TACE) and transarterial radioembolization 

(TARE) are minimally-invasive catheter-based interventions that 

target tumor hypervascularity (2, 3). TACE is indicated for BCLC 

B patients with large or multinodular tumors without 

macrovascular invasion or extrahepatic lesions, and can be used to 

downstage patients for resection or transplantation (4). IATs are 

performed under 2uoroscopy guidance where embolic and 

therapeutic agents are directly injected into the arteries supplying 

the target tumors (5).

Digital subtraction angiography (DSA) is performed to identify 

tumor-feeding blood vessels during IATs, providing real-time, 

high-contrast images and enabling precise catheter placement and 

embolization (6). This minimizes drug exposure to healthy tissue 

and optimizes therapeutic outcomes (7). Injectors can be used to 

deliver contrast media (CM) with constant 2ow rate and 

standardized injection pressures. Microcatheters are used to achieve 

super-selective catheterization of the hepatic artery (4). The 

microcatheters typically used for IATs have a specific maximum 

pressure (Pmax), commonly ranging from 750 to 800 PSI. Newer 

catheters are designed to tolerate higher injection pressures.

While the effect of CM injection rate on vessel enhancement 

during DSA has been previously studied (8), there is a lack of 

studies investigating the effect on DSA image quality and radiation 

exposure. This prospective study was designed to test the effect of a 

higher CM injection pressure during DSA on image quality 

(primary endpoint) and radiation exposure (secondary endpoint) 

using two microcatheters with different maximum pressure 

tolerance for IATs of hypervascular liver tumors. This study 

hypothesizes that higher CM injection pressures can improve DSA 

image quality by rapid and homogenous CM distribution in 

arteries, potentially resulting in shorter and fewer DSA acquisitions 

and reduced radiation exposure.

2 Materials and methods

2.1 Study cohort

This prospective clinical single-center pilot study included 

patients with hypervascular liver tumors meeting the eligibility 

criteria. Inclusion criteria were (a) 18 years or older (b) HCC or 

liver metastases confirmed on pretreatment MRI/CT and (c) 

indication for IAT (TACE or TARE) at our institution between 10/ 

2022 and 03/2023 as determined by a multidisciplinary tumor 

board. Exclusion criteria were (a) hypovascular liver malignancies 

(b) kidney failure, and (c) known hypersensitivity reactions to 

iodinated contrast media [see Supplementary Appendix S1 for 

patient selection process according to STROBE guidelines (9)]. The 

study systematically compared two microcatheters with different 

Pmax values: the 2.4Fr × 130 cm DraKon microcatheter (Argon 

Medical Devices, Pmax 1,200 PSI) referred to as “C1200”, and the 

2.4Fr × 130 cm Progreat microcatheter (Terumo, Pmax 750 PSI), 

referred to as “C750”. Both are commercially available and used in 

IATs, differing only in Pmax. All procedures were performed in 

accordance with the ethical standards of the institutional and/or 

national research committee and with the 1964 Helsinki 

declaration and its later amendments or comparable ethical 

standards. Informed consent was obtained. This study was funded 

by Guerbet. The funder had no role in the study design, data 

acquisition, interpretation of results and writing of the manuscript.

2.2 Preclinical injection pressure 
measurements

To achieve the desired injection pressure, a preclinical testing set- 

up was implemented. The CM injector (Medtron AG), pressure 

sensor (ME780S, Amsys) and microcatheter were connected via a 

three-way stopcock. The sensor measured CM pressure immediately 

before entering the microcatheter (Figure 1; Supplementary 

Appendix S2). A custom ex vivo hepatic angiography model was 

used to test injection settings targeting 1,200 PSI (Supplementary 

Appendix S3). Injection pressure was monitored using (a) the time- 

pressure curve displayed on the injector screen, and (b) the pressure 

reading from the pressure sensor (Supplementary Appendix S4). As 

pressure was measured in two different locations (injector vs. 

microcatheter), pressure readings between the two devices used 

(CM injector vs. sensor) were expected to differ.

2.3 Clinical setup and DSA

2.3.1 Setup

Identical to the ex vivo setup, the injector was connected to the 

extension tube, the pressure sensor, and microcatheter (Figure 1). 

The injector was set to inject 20 mL of CM at 4 mL/s. The pressure 

Abbreviations  

HCC, hepatocellular carcinoma; IAT, intra-arterial therapy; TACE, transarterial 

chemoembolization; TARE, transarterial radioembolization; CM, contrast 

media; Pmax, maximum pressure; PSI, pounds per square inch; DSA, digital 

subtraction angiography; DAP, dose area product; ICC, intraclass correlation 

coefficient; CI, confidence interval; SNR, signal-to-noise-ratio; CNR, contrast- 

to-noise-ratio; VLR, vessel-to-liver signal intensity ratio; ROI, region of 

interest; CBCT, cone-beam computed tomography.
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limits on the injector were 750 and 1,200 PSI for C750 and C1200, 

respectively. The injector terminated the injection when the set 

pressure limit was reached regardless of the volume of CM 

injected. The sensor measured the injection pressure when CM 

entered the microcatheter, re2ecting the exerted pressure in the 

common hepatic artery (CHA) (Figure 1; Supplementary 

Appendix S2). The angiographic machine (ARTIS icono, 

Siemens) was used according to standard procedure and 

includes a cone-beam computed tomography (CBCT) option. 

The contrast media used for each patient contained 300 mg 

iodine/mL (Imeron 300, Bracco Imaging). Key acquisition 

parameters for each patient are detailed in Supplementary 

Appendix S8.

2.3.2 Intra-arterial therapies
Two DSAs (two frames per second with a field of view of 

42 cm) were performed using both C750 and C1200 placed in 

the CHA in all patients to ensure comparability. The order in 

which the catheters were used was randomized.

2.3.3 Clinical intraprocedural documentation

For each CM injection, the patient’s vitals, number of images 

per DSA series, volume of CM injected, maximum injector 

pressure, and maximum CM pressure were documented. The 

dose area product (DAP) was recorded to indicate the patient’s 

radiation exposure during DSA.

2.4 Assessment of image quality

2.4.1 Qualitative image assessment

Three interventional radiologists (6, 8, and 7 years of experience), 

independently completed a standardized 16-question image quality 

questionnaire, blinded to the microcatheter used to reduce bias. 

Qualitative imaging components were rated using a Likert scale or 

direct comparison and grouped into four categories: A 

(visualization of liver arteries, CM re2ux, and 2ow quality), B 

(tumor blush), C (tumor to parenchymal contrast), D (catheter 

instability/dislocation). Details can be found in Supplementary 

Appendix S5.

2.4.2 Quantitative image assessment

Contrast-to-noise-ratios (CNR), signal-to-noise-ratios (SNR), 

and vessel-to-liver signal intensity ratios (VLR) were calculated 

based on previous studies using CT angiography (10, 11). Brie2y, 

triplicate regions of interest (ROIs) were placed in five arterial 

segments and non-tumoral liver parenchyma on representative 

DSA images for each patient by a board-certified radiologist with 7 

years of experience. In DSA images, when hepatic arteries appear 

darker and better delineated due to contrast medium, the signal 

intensity values within the vessel ROIs are lower. As a result, both 

the signal-to-noise ratio (SNR) and vessel-to-liver signal intensity 

ratio (VLR) are expected to be lower in better delineated vessels. In 

contrast, the contrast-to-noise ratio (CNR) is expected to be higher, 

re2ecting the increased difference in signal intensity between the 

FIGURE 1 

Shows the setup used to measure the pressure in the ex vivo angiography model (top) and during the IAT (bottom). The piston of the Accutron HP CM 

injector (1, Medtron AG) is filled with contrast media. The FLEX120RAN high-pressure extension tube (2, Guerbet) connects the CM injector and a 

high-pressure L306 three-way stopcock (3, BD). The three-way stopcock is connected to the ME780S pressure sensor (4, Amsys) and the C1200 

(Argon Medical Devices) or C750 (Terumo) microcatheter (5) which feeds into the hepatic angiography model (6, Guerbet) in the ex vivo setup. 

The microcatheter is placed in the common hepatic artery by the interventional radiologist under fluoroscopy in the in vivo setup (bottom).
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vessels and the surrounding liver parenchyma. The quantitative 

metric calculation is outlined in Supplementary Appendix S6.

2.5 Statistical analysis

To limit radiation exposure for patients during DSA, the study 

was designed as a pilot study with the support of a statistician, 

eliminating the need for a formal sample size calculation (12). 

A sample size of n = 12 is generally considered adequate for 

pilot studies (13). With this sample, a power analysis based on 

existing DSA data indicated that a mean difference of 0.55 could 

be detected with 82% power and a 5% alpha level, assuming an 

effect size of 0.92 for a two-tailed matched-pair comparison. 

The Wilcoxon Signed-Rank test was used to compare DAP, CM 

volume injected and mean pressure reached with each catheter, 

as well as SNR, CNR and VLR. Paired t-tests were performed to 

compare scores in each questionnaire category. Intraclass 

Correlation Coefficient (ICC) was evaluated to assess interrater 

agreement. Data was analyzed using SPSS (version 29.0, IBM 

Corp). Statistical significance was defined as p < 0.05.

3 Results

3.1 Study cohort

The study cohort consisted of twelve patients, including 7 men 

and 5 women (mean age 68 ± 12.5). Eleven patients with the 

diagnosis HCC and one patient with uveal melanoma liver 

metastases were evaluated. TACE (n = 8) and TARE (n = 4) 

procedures were performed at our institution between October 

2022 and March 2023. Patient demographics are shown in Table 1.

3.2 Preclinical injection pressure 
measurement

The ex vivo setup was feasible. The injector settings of 20 mL 

CM at 4 mL/s achieved 1,200 PSI injection pressure in all patients.

3.3 Clinical setup and DSA

All in vivo measurements were technically successful with 

both C750 and C1200 used once per patient. Injection pressure 

measured by the pressure sensor was higher using C1200 

(mean ± SD: 1,139 ± 363 PSI) than C750 (mean ± SD: 896 ± 280 

PSI), but not statistically significant (p = 0.09). In contrast, 

injector-recorded pressure was significantly higher for C1200 

(mean ± SD: 917 ± 94 PSI) than C750 (mean ± SD: 731 ± 45 PSI) 

(p < 0.0001). In 10/12 patients with C750, the injector halted 

injection upon exceeding 750 PSI, preventing full CM delivery. 

In contrast, C1200 delivered the full 20 mL CM in all cases 

(mean ± SD: 20.0 ± 0.0 vs. 17.7 ± 3.0 mL, p = 0.01; see 

Supplementary Appendix S7 for per-patient volumes). DSA 

series with C1200 had a slightly lower DAP than C750 

(mean ± SD: 371.9 ± 191.2 vs. 374.8 ± 242.3 µGym2, p = 0.95), but 

this result was not significant. The mean number of DSA 

images per series was similar (21.7 and 21.8 images for C750 

and C1200, respectively; see Supplementary Appendix S9).

3.4 Assessment of image quality

3.4.1 Qualitative image assessment

Across all categories, C1200 was rated more favorably than 

C750 by all readers (Supplementary Appendix S10). The total 

score of C1200 was higher than C750 in 69% of cases (mean 

score: 15 vs. 11 points, p = 0.13). ICC showed moderate 

interrater agreement (αC1200: 0.71 (95% confidence interval 

(CI): [0.24, 0.91], p = 0.006, αC750: 0.70 [95% CI: (0.20, 0.91), 

p = 0.008]. ICC values up to 0.75 are considered “moderate 

TABLE 1 Shows the patient demographics.

Characteristics N = 12 (%)

Age

Mean ± SD 68 ± 12.5

Sex

Male 7 (58)

Female 5 (42)

Diagnosis

HCC 11 (91)

Uveal melanoma liver metastasis 1 (9)

Cirrhosis

Yes 11 (91)

No 1 (9)

Etiology of cirrhosis

Hepatitis B Virus (HBV) 2 (18)

Hepatitis C Virus (HCV) 2 (18)

Alcohol-related 4 (36)

Not specified 3 (27)

Child-Pugh Class

A 9 (82)

B 2 (18)

C 0 (0)

MELD score

≤10 8 (67)

≥10 3 (25)

Not applicable 1 (8)

BCLC

A 3 (27)

B 5 (45)

C 3 (27)

D 0 (0)

Treatment

TACE 8 (67)

TARE 4 (33)

HCC, hepatocellular carcinoma; MELD, model for end-stage liver disease; BCLC, barcelona 

clinic liver cancer; TACE, transarterial chemoembolization; TARE, transarterial 

radioembolization.
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agreement” (14), but the p-value denotes significant reliability 

(p = 0.006 and 0.008). 

For liver artery visualization (category A), C1200 

outperformed C750 in 67% (mean score: 14.8 vs. 12 points, 

p = 0.22), 50% (mean score: 13 vs. 12.5 points p = 0.87), and 

100% (mean score: 12.3 vs. 8.3 points, p = 0.03) of patients for 

readers 1–3, respectively (Table 2). Only reader 3 observed a 

statistically significant difference of liver artery visualization 

(p = 0.03, Table 2). The number of patients with visible re2ux 

was small and comparable between both catheters (C750: 4 vs. 

C1200: 5).

Regarding tumor blush (category B), C1200 significantly 

outperformed C750 across all readers (100% each, mean score 

C1200 vs. C750: 1.3 vs. 0; 1.2 vs. 0; 0.8 vs. 0 points, p < 0.001; Table 2).

For liver parenchymal CM uptake (category C), C1200 was 

rated equal or higher than C750 in 83%, 67%, and 92% of cases 

(significant in reader 3, p = 0.02). C1200 was rated equal or 

higher than C750 in 92%, 75% and 83% of cases, for its stability 

in the CHA at the time of injection (category D). These results 

were not statistically significant (1: p = 0.78; 2: p = 0.11; 

3: p = 0.37). Overall, C1200 showed equal or superior 

performance across all categories in 75%, 67% and 75% of cases 

(Figure 2; Supplementary Appendix S11).

3.4.2 Quantitative image assessment
SNR (median C1200 vs. C750: 36.9 vs. 50.0, p = 0.62) and VLR 

(median C1200 vs. C750: 0.7 vs. 0.8, p = 0.001) were lower using 

C1200 compared to C750. CNR values were higher in C1200 

(median C1200 vs. C750: 15.1 vs. 6.6, p < 0.001; Figure 3).

4 Discussion

This prospective comparative study found that higher 

injection pressure can improve DSA image quality during 

abdominal angiography using a high-pressure microcatheter. 

Despite variability in interrater agreement, C1200 proved 

superior in tumor blush visualization and maintaining stability 

in the CHA during injection. No significant difference was 

observed regarding DAP (p = 0.95), likely due to the small 

cohort. Potential radiation optimization by improved DSA 

image quality remains speculative and cannot be fully supported 

with the data provided. The questionnaire developed for this 

TABLE 2 Shows a comparison of the performance of C750 and C1200 stratified by evaluation categories and readers.

Category/Reader Reader 1 Reader 2 Reader 3 Mean

A: Liver arteries visualization 67% (p = 0.22) 50% (p = 0.87) 100% (p = 0.03)* 72% (p = 0.18)

B: Tumor Blush 100% (p = 0.002)* 100% (p = 0.007)* 100% (p = 0.02)* 100% (p < 0.001)*

C: CM uptake in the liver parenchyma 83% (p = 0.22) 67% (p = 0.18) 92% (p = 0.02)* 81% (p = 0.42)

D: Stability of catheter in CHA 92% (p = 0.78) 75% (p = 0.11) 83% (p = 0.37) 83% (p = 0.67)

Total 75% (p = 0.07) 67% (p = 0.23) 75% (p = 0.02)* 69% (p = 0.13)

The percentage of patients in which C1200 scored equal or higher than C750 on the Likert scale is shown per reader. The p-value of a paired t-test is shown in brackets. CM, contrast media; 

CHA, common hepatic artery.

*Indicates significance with p < 0.05.

FIGURE 2 

Shows arterial contrast and contrast medium distribution in central (arrows) and peripheral (arrowheads) arteries during a representative DSA using 

high-pressure injection with C750 (A) and C1200 (B) in the same patient. Both microcatheter tips (block arrows) were positioned comparably in the 

common hepatic artery. Compared to C750, C1200 demonstrates superior arterial opacification, more homogeneous contrast medium distribution, 

clearer tumor blush demarcation (box), and greater injection stability. DSA, digital subtraction angiography.
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study includes previously established visualization assessments 

(15) and additionally evaluates CM 2ow and re2ux, tumor to 

parenchymal contrast, and tumor blush. Our questionnaire 

thereby exceeds established analyses and provides an extensive 

image quality assessment specific to HCC. Quantitative analyses 

were performed to complement the qualitative questionnaire 

assessments, using parameters such as CNR, SNR, and VLR. As 

no validated method currently exists for DSA image quality 

quantification, this study adapts an established approach from 

CT angiography, which requires validation in future studies.

Prior studies have highlighted that DSA quality is crucial for 

visualizing vascular anatomy and pathology in embolization 

procedures (16). The improved image quality observed with 

higher-pressure injection is primarily attributable to the 

increased injection pressure itself, which not only enhances 

contrast distribution but also enables full contrast delivery. 

A pig model demonstrated faster CM injection to produce 

higher peak pressures, correlating with better enhancement and 

a narrower scan window (17). Takagi et al. showed that higher 

injection rates enhance contrast in wide-lumen vessels during 

DSA (8). However, injection rates are proportional to the 

pressure in laminar 2ow and increase with higher injection 

pressure. Therefore, 2ow rates are limited by the injection 

pressure tolerated by the microcatheter used.

To ensure consistent and reproducible contrast delivery across 

all patients, the microcatheter tip was placed in the CHA. 

Although larger catheters (e.g., 4F or 5F) could be used at this 

level, anatomical variations in hepatic artery origin and celiac 

trunk configuration can limit distal access. While our study 

focused on injection pressure during DSA, CBCT has emerged 

as a valuable tool for improved identification of arterial origins 

and enhanced image guidance (18, 19). Future studies should 

evaluate whether higher injection pressures can further enhance 

vessel visibility in CBCT and software-guided work2ows.

This study has several limitations. The sample size of twelve 

patients is small but commonly considered sufficient for a pilot 

study (13). As a result of the small sample size, the data is 

sensitive to outliers. Microcatheter placement in the CHA and 

2ow patterns can be affected by anatomical variants and 

arteriosclerosis. Furthermore, tumor blush can depend on tumor 

location and vascularity. However, this heterogeneity is not 

relevant as comparisons between the two catheters were 

conducted within the same patient with identical vascularity. 

The injector settings were established using a high-quality 

ex vivo model, which is not fully capable to replicate in vivo 

conditions such as pulsatile arterial 2ow, variation in vessel 

compliance and resistance. The moderate interrater agreement 

may stem from nuances in imaging, causing variability in 

questionnaire answers. These results may vary according to the 

type of contrast media and injection temperature used, thus 

generalizability of these findings may be reduced.

In conclusion, the findings of this prospective pilot study 

suggest potential benefits of standardized CM injections for 

DSA using higher injection pressure to enhance image quality 

and tumor demarcation during IATs. In turn, this could reduce 

risks associated with repeated CM injections and minimize 

procedure time. If confirmed in a larger cohort, these findings 

may further improve the precision of IATs through clearer 

visualization of tumor vasculature, enable more reliable delivery 

of therapeutic agents, and improve both procedural efficiency 

and patient outcomes if implemented into clinical practice.
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