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Abstract

Background: A transjugular intrahepatic portosystemic shunt (TIPS) is a common treatment for patients with portal hypertension.
In these patients, the portal vein can be punctured under the guidance of cone-beam computed tomography (CBCT).
Objectives: To compare standard-dose (SD) CBCT with low-dose (LD) CBCT, as three-dimensional (3D) intraprocedural guidance for
transhepatic puncture in TIPS placement, in terms of image quality, radiation dose, technical success, and complications.
Patients and Methods: A total of 44 patients were retrospectively enrolled in this study. Eighteen patients underwent LD-CBCT,
while 26 patients underwent SD-CBCT for guiding the portal vein puncture. A quantitative assessment of image quality was per-
formed by calculating the contrast-to-noise ratio (CNR) of the hepatic portal vein. This analysis was based on a five-point vascular
visualization scale (VVS), ranging from optimal (score = 1) to non-diagnostic (score = 5), while a three-point Likert scale was used for
motion artifacts (1 = no motion artifacts, 3 = blurred). Image streak artifacts were also rated from one to three, based on the image
quality results. Technical success was also investigated, including the number of puncture attempts, time to successful portal vein
access, and radiation dose of the TIPS procedure.
Results: Based on the results, TIPS could be placed successfully in all cases. Neither VVS (LD-CBCT VVS: 2.78, SD-CBCT VVS: 2.54; P =
0.467), nor the procedure time showed any significant differences between the groups (LD-CBCT: 48.3 min, SD-CBCT: 40.2 min; P =
0.45). Moreover, the objective evaluation of image quality indicated the lower quality of LD-CBCT images; however, the difference
was not statistically significant (LD-CBCT CNR: 1.1 ± 0.76, SD-CBCT CNR: 1.3 ± 1.1; P = 0.5). The median number of puncture attempts
was the same for SD-CBCT and LD-CBCT (n = 3; range: 1 - 6). Also, the mean dose area product (DAP) was significantly lower in LD-CBCT
as compared to SD-CBCT (LD-CBCT: 2733 ± 848 µGm2, SD-CBCT: 6119 ± 1677 µGm2; P < 0.0001). The total DAP was significantly lower
using LD-CBCT (LD-CBCT: 14831 ± 9299 µGm2, SD-CBCT: 20985 ± 10127 µGm2; P = 0.047).
Conclusion: Both SD-CBCT and LD-CBCT provided successful 3D guidance for portal vein puncture during TIPS creation. Although
these methods did not differ significantly in terms of image quality, complications, or number of puncture attempts, LD-CBCT sig-
nificantly reduced the radiation dose.
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1. Background

In patients with symptomatic portal hypertension,
placement of a transjugular intrahepatic portosystemic
shunt (TIPS) is a common procedure in interventional ra-
diology (1). The main indications for TIPS include variceal
bleeding and refractory ascites in portal hypertension (2,
3), which are commonly caused by underlying liver cirrho-

sis. The TIPS placement reliably reduces the portosystemic
pressure gradient in most cases (4). Therefore, it is very ef-
fective in the treatment of ascites and varicose vein bleed-
ing in acute cases and can be also helpful in the prevention
of secondary varicose vein bleeding (2, 3). Since the portal
vein cannot be visualized by fluoroscopy alone, the most
critical step in TIPS placement is the transhepatic puncture
of the portal vein.
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For periprocedural planning in transhepatic puncture,
there are several methods to visualize the portal vein.
Wedged portograms with iodinated contrast medium
or carbon dioxide, besides transsplenic or transarterial
mesenteric indirect portography, can be used to visualize
the portal vein indirectly (5, 6). The portal vein can be also
directly visualized and targeted by transabdominal or in-
travascular ultrasound (IVUS) (7, 8). However, the use of
transabdominal ultrasound has several limitations, such
as the need for creating favorable sonographic conditions
and non-standard imaging planes. Besides, an assistant is
needed to handle the ultrasound probe during the proce-
dure.

Real-time three-dimensional (3D) mapping of the por-
tal vein branches, using contrast-enhanced (CE) C-arm
computed tomography (CT), has been introduced as a
promising tool for guiding punctures. Not only is por-
tal vein mapping technically feasible, but also it causes a
significant reduction in the intervention time with a low
complication rate (1, 7, 9, 10). Cone-beam computed to-
mography (CBCT) uses a C-arm with a flat-panel detector,
along with the corresponding software, to create markers
on cross-sectional images, which can be used as an overlay
for real-time 3D guidance in the portal vein. Besides, fusion
of pre-interventional magnetic resonance imaging (MRI)
or CT with intraprocedural CBCT is possible (11).

On the other hand, one of the limitations of the
widespread use of CBCT is the significant radiation dose
(10, 12). For image acquisition, different CBCT protocols are
available. Differences between these protocols are mainly
related to radiation dose and acquisition time, although
there are some differences in the C-arm positioning, num-
ber of frames per rotation, and field of view (FOV). In this re-
gard, Ketelsen et al. acquired 397 CBCT images (6 sec/slice)
at a detector input dose of 0.36 µGy/image and an angular
increment of 0.5°/image, with a 200° orbit around the pa-
tient (1). In comparison, Boning et al. (10) acquired 312 pro-
jections within 10 seconds during a 180° - 240° rotation.

Unlike the mentioned high-dose protocols, there are
CBCT protocols that use fewer frames (n ≤ 200), resulting
in a shorter acquisition time and consequently, fewer res-
piratory motion artifacts; this increases the image qual-
ity and patient comfort. On the other hand, the lower
radiation dose may result in a lower contrast-to-noise ra-
tio (CNR), which can produce non-diagnostic images. The
principle of radiation protection “as low as reasonably
achievable” (ALARA) (13) is generally valid.

2. Objectives

This study aimed to compare standard-dose CBCT with
low-dose CBCT for TIPS guidance in terms of technical suc-

cess, complications, radiation dose, and image quality.

3. Patients and Methods

3.1. Patient Selection

This retrospective study was approved by the institu-
tional ethics board. The inclusion criteria were as follows:
(1) Symptomatic portal hypertension and refractory ascites
or recurrent variceal bleeding; (2) age of 18 years or above;
and (3) interdisciplinary approval of TIPS placement. On
the other hand, the exclusion criteria were contraindica-
tions to TIPS, such as pregnancy or hepatic encephalopa-
thy.

Patients were recruited from December 2014 to
September 2019, where the physician could choose be-
tween LD-CBCT and SD-CBCT, according to the patient’s
stature and anatomical features (LD-CBCT available since
2018). Finally, 44 consecutive patients underwent SD-CBCT
or LD-CBCT as part of the TIPS insertion procedure (mean
age: 60.0 ± 17, age range: 18 - 81; 70% male). Informed
consent was obtained from each patient for the TIPS
procedure.

3.2. TIPS Procedure

The TIPS procedure was performed as described by Ke-
telsen et al. (1). All TIPS procedures were performed by
a senior interventional radiologist with at least six years
of experience in interventional radiology. All procedures
were performed under general anesthesia, and paracen-
tesis was performed before the procedure. A 10 French
sheath was inserted into the right jugular vein and placed
in the right hepatic vein. Next, contrast-enhanced CBCT
was performed in an arms-down positioning, and the por-
tal vein branches were mapped. After 3D guided puncture
of the portal vein, aspiration of blood with the TIPS needle
and subsequent contrast injection confirmed successful
portal vein puncture. Following the successful portal vein
puncture, a standard TIPS stent graft (Viatorr, W.L. Gore, Ari-
zona, USA) was used to secure the TIPS tract. Technical suc-
cess was defined as successful contrast injection into the
portal vein via cannulation with a 4F diagnostic catheter.
Later, the portosystemic gradient was lowered to 10 mmHg
or less (3, 14).

3.3. Image Acquisition and Planning of Transhepatic Puncture
During the TIPS Procedure

All CBCT procedures were performed using a sin-
gle, robotic, single-axis, angiographic C-arm system (Ar-
tis Zeego with Q-Technology, Siemens Healthcare GmbH,
Forchheim, Germany). The CBCT images were acquired
based on a standardized contrast injection protocol in
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all C-arm CT scans via peripheral vein access (18G). The
injection protocol included venous administration of di-
luted contrast medium (75 mL of Ultravist at 370 mg/mL;
Bayer Schering, Zürich, Switzerland), followed by a saline
flush injected by an automated power injector (Accutron-
HP-D, Medtron, Saarbrücken, Germany) at a flow rate of
4.5 mL/second. The C-arm CT system was set to start auto-
matically after 60 seconds.

The rotation time for CBCT was either three seconds
(LD-CBCT) or six seconds (SD-CBCT). The images were ac-
quired at a rate of 60 frames/second in both acquisition
methods. Details of different CBCT protocols are presented
in Table 1. The CBCT system acquired 397 projection images
in SD-CBCT and 167 projection images in LD-CBCT at a detec-
tor entrance dose of 0.36 µGy/frame (angular increment
of 0.5°/frame for SD-CBCT and 1.2°/frame for LD-CBCT) on a
200° circular trajectory. The CBCT images were acquired
using the breath-holding technique. The kV plateau was
90 kVp, and the FOV was 48 cm, with a voxel matrix of 512×
512. In SD-CBCT, a 3D eccentric 7× 7 kernel was used, while a
non-eccentric 7 × 7 kernel was applied in LD-CBCT. The im-
ages were then reconstructed as multiplanar reconstruc-
tion (MPR) images.

Table 1. Imaging Parameters of CBCT Acquisitions

Imaging parameters LD-CBCT group (n =
18)

SD-CBCT group (n =
26)

Rotation time, sec 3 6

Acquisition rate,
frames/sec

60 frames/sec 60

Images acquired 167 397

Detector entrance
dose,µGy/frame

0.36 0.36

Angular increment,
°/frame

1.2 0.5

Power source, kVp 90 90

Field of view, cm 48 48

Voxel matrix 512 × 512 512 × 512

Kernel Non-eccentric kernel (7
× 7)

Eccentric 3D kernel (7
× 7)

Abbreviations: LD-CBCT, low-dose cone-beam computed tomography; SD-CBCT,
standard-dose cone-beam computed tomography.

During the intervention, 3D fluoroscopy guidance was
used to plan the virtual needle trajectory by specifying
four markers in the main portal vein (Figure 1) (1). After
planning, the virtual needle trajectory was superimposed
with 2D fluoroscopy. If necessary, the needle trajectory was
visualized from different angles (anterior-posterior and
oblique views) to target the superimposed 3D markers in
the fluoroscopy image. For a retrospective analysis of CBCT

images, MPR reconstruction was performed.

3.4. Clinical Outcome Assessment

In both groups, several parameters were deter-
mined: the number of attempts for the portal vein
puncture, periprocedural complications, pre- and post-
interventional portosystemic pressure gradients, and
radiation dose (dose-area product [DAP] according to
angiography) in the entire procedure and CBCT, respec-
tively. Moreover, the procedure time, time until successful
transhepatic puncture of the portal vein (procedure time
until the first image acquisition of the portal diagram),
and body mass index (BMI) were assessed.

3.5. Assessment of Image Quality

3.5.1. Quantitative Evaluation of Image Quality

To quantify the quality of CBCT images, the CNR was
measured. Three different regions of interest (ROIs) were
placed in the right portal vein at different axial slices and
in the surrounding liver parenchyma (n = 3) as background
(Figure 2). The CNR was calculated as previously described
(15):

(1)CNR =
(MeanHU Liver −MeanHU Portal vein)

MeanSDHU Liver

3.5.2. Qualitative Evaluation of Image Quality

Two board-certified interventional radiologists, with at
least six years of experience in interventional radiology
using CBCT, evaluated the images in a random order and
reached a consensus. None of the radiologists were in-
volved in the initial treatment of patients, and they were
blinded to the type of image acquisition (LD-CBCT vs. SD-
CBCT) and clinical cases. To reduce bias in the evaluation
of image quality, the images were shown to the radiolo-
gists in a random order. The qualitative evaluation of im-
age quality was conducted, based on a five-point vessel
visualization scale (VVS), ranging from optimal visualiza-
tion (score = 1) to non-diagnostic visualization (score = 5).
Streak artifacts were also rated from one (none) to three
(significant), based on the image quality. Besides, a three-
point Likert scale was used for evaluating the motion arti-
facts (1 = no motion artifacts, 3 = blurred).

3.6. Statistical Analysis

IBM SPSS version 25 (IBM, Armonk, NY, USA) was used
for statistical analysis. A two-tailed P-value less than 0.05
was considered statistically significant. After verification
of non-Gaussian distribution by Shapiro-Wilk test, we per-
formed a non-parametric test (Mann-Whitney U-test) to as-
sess the significance level. Post-hoc Dunn-Bonferroni tests
were also performed to differentiate the groups. The re-
sults are presented as mean ± standard deviation (SD).
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Figure 1. The dose area product (DAP) of standard-dose cone-beam computed tomography (SD-CBCT) versus low-dose cone-beam computed tomography (LD-CBCT). Data is
presented as median ± SD. The mean DAP of LD-CBCT was significantly lower than that of SD-CBCT (LD-CBCT: 2733 ± 848µGm2 , SD-CBCT: 6119 ± 1677µGm2 ; P < 0.0001).

4. Results

4.1. Patients

A total of 44 patients were enrolled in this study. Over-
all, 18 patients were assigned to the LD-CBCT group and 26
patients to the SD-CBCT group. The mean age of the pa-
tients was 60.0 ± 17.0 years (range: 18 - 81 years), and 70.0%
of them were male. The BMI did not differ significantly be-
tween the two groups (LD-CBCT: 24.3 ± 5.5 kg/m2 vs. SD-
CBCT: 25.6 ± 4.2 kg/m2; P = 0.4). The patient data is pre-
sented in Table 2.

4.2. Periprocedural Outcomes

No major periprocedural or postprocedural complica-
tions were observed in any of the patients undergoing the
TIPS procedure (n = 44). Three-dimensional CBCT mapping
of the portal vein for the subsequent puncture of the portal
vein and TIPS placement was feasible in all cases. The aver-
age number of puncture attempts was 2.5± 1.7 (median: 3;
range: 1 - 6) in the LD-CBCT group and 3.0 ± 1.6 (median: 3,
range: 1 - 6) in the SD-CBCT group (P = 0.8), with one to six
punctures in each group. In all patients, the portosystemic
pressure gradient was reduced to 10 mmHg or less.

Before the TIPS implantation, the portosystemic pres-
sure gradient was 17.8 ± 5.2 mmHg in the LD-CBCT group,

while it reduced to 5.11± 2.0 mmHg after a technically suc-
cessful procedure (SD-CBCT: 19.7± 5.0 mmHg and 5.0± 2.4
mmHg, respectively). There was no significant difference
in the time interval from the onset of the procedure un-
til successful puncture of the portal vein (procedure time
from the beginning of the intervention until visualization
of the portal vein). The mean time gap was 48.3± 42.1 min-
utes in the LD-CBCT group and 40.2 ± 18.2 minutes in the
SD-CBCT group (P = 0.45).

Based on the findings, the mean DAP was significantly
lower in the LD-CBCT group compared to the SD-CBCT
group (LD-CBCT: 2733 ± 848 µGm2, SD-CBCT: 6119 ± 1677
µGm2; P < 0.0001). Also, the total dose of the proce-
dure was significantly lower when using LD-CBCT (LD-
CBCT: 14831 ± 9299 µGm2, SD-CBCT: 20985 ± 10127 µGm2;
P = 0.047). The results are presented in Table 3 and Figures
3 and 4.

4.3. Quantitative Analysis of Image Quality

The TIPS procedure was successfully planned and per-
formed for all patients, based on the acquired CBCT im-
ages. The objective evaluation of the CBCT image quality by
CNR measurements showed a slightly lower image quality
in LD-CBCT compared to SD-CBCT; however, the difference
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Table 2. The Patients’ Characteristics in the Two Groups

Patients’ characteristics LD-CBCT group (n = 18) SD-CBCT group (n = 26) P-value

Mean age (± SD), y 58 ± 13 56 ± 16 0.54

Sex (No. of patients) 0.66

Male 12 19

Female 6 7

Mean BMI (± SD) 24.3 ± 5.5 25.6 ± 4.2 0.43

Indications for TIPS (No. of patients)

Therapy-refractory ascites 12 17 0.93

Hepatorenal syndrome 1 0 0.51

Variceal bleeding 4 6 0.54

Budd-Chiari syndrome 1 3 0.20

Child-Pugh score

A 8 7 0.52

B 6 14 0.19

C 3 2 0.37

Unknown 1 3 0.20

Cause of cirrhosis

Alcoholism 11 15 0.83

Autoimmune disorder 1 2 0.79

Cryptogenic 5 2 0.11

Primary sclerosing cholangitis 0 2 0.16

Non-alcoholic steatosis hepatis 0 2 0.16

Budd-Chiari syndrome 1 3 0.20

Encephalopathy 0 0 NA

Abbreviations: BMI, body mass index; SD, standard deviation; LD-CBCT, low-dose cone-beam computed tomography; SD-CBCT, standard-dose cone-beam computed to-
mography; TIPS, transjugular intrahepatic portosystemic shunt.

Table 3. Detailed Information of Median Puncture Attempts, Mean Portosystemic Pressure Gradient Before and After TIPS, Mean Procedural Time, and DAP of CBCT and the
Whole Procedurea , b

Characteristics LD-CBCT group (n = 18) SD-CBCT group (n = 26) P-value

Mean number of puncture attempts 2.5 ± 1.7 3.0 ± 1.6 0.8

Mean portosystemic pressure gradient before TIPS 17.8 ± 5.2 19.7 ± 5.0 0.23

Mean portosystemic pressure gradient after TIPS 5.11 ± 2.0 5.0 ± 2.4 0.87

Mean procedural time, min 48.3 ± 42.1 40.2 ± 18.2 0.45

Mean DAP for CBCT,µGm2 2733 ± 848 6119 ± 1677 < 0.0001

Total DAP,µGm2 14831 ± 9299 20985 ± 10127 0.047

Abbreviations: CBCT, cone-beam computed tomography; DAP, dose area product; LD-CBCT, low-dose cone-beam computed tomography; SD-CBCT, standard-dose cone-
beam computed tomography; TIPS, transjugular intrahepatic portosystemic shunt.
aValues are expressed as mean ± SD.
bThe median puncture attempts and the mean procedural time were not significantly different between the groups. The mean DAP of CBCT and the total intervention
dose were significantly different between the groups.
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Figure 2. The box plot of total radiation dose area product (DAP) during a transjugular intrahepatic portosystemic shunt (TIPS) procedure under the guidance of standard-
dose cone-beam computed tomography (SD-CBCT) and low-dose cone-beam computed tomography (LD-CBCT). The total dose in the procedure was also significantly lower
using LD-CBCT (LD-CBCT: 14831 ± 9299µGm2 , SD-CBCT: 20985 ± 10127µGm2 ; P = 0.047).

was not statistically significant (mean CNRLD-CBCT: 1.1 ±
0.76, mean CNRSD-CBCT: 1.3 ± 1.1; P = 0.5). The mean VVS
also did not show any significant differences between the
groups (VVSLD-CBCT: 2.78 ± 1.2; VVSSD-CBCT: 2.54 ± 1.0; P =
0.467). Moreover, based on the image quality, motion ar-
tifacts were rated from one to three (1 = none to 3 = signifi-
cant): mean MALD-CBCT: 1.29±0.47 and mean MASD-CBCT:
1.79 ± 0.43 (P = 0.837). The results of quantitative image
analysis are presented in Table 4.

5. Discussion

Liver cirrhosis is a serious cause of mortality with a 10-
year mortality rate of 30% - 60% (16). Since the majority
of liver cirrhosis cases are associated with portal hyperten-
sion, many patients can benefit from the TIPS procedure
(3). Generally, TIPS is an established procedure for the treat-
ment of complications of portal hypertension, as it reli-
ably reduces the portosystemic pressure gradient (4). The
most challenging step in TIPS placement is transhepatic
portal vein puncture, which can be performed using var-
ious imaging techniques.

Multiple techniques have been employed for tran-
shepatic portal vein catheterization, including superior

mesenteric artery angiography, transabdominal ultra-
sound guidance, and wedged portography with carbon
dioxide or iodized contrast medium (17-21). Despite im-
provements in imaging techniques, most procedural com-
plications of TIPS are related to failed puncture attempts
of the portal vein (3). The 3D real-time mapping of the por-
tal vein branches by intravenous contrast-enhanced CBCT,
introduced by Ketelsen et al. (1), is a relatively new tech-
nique. The targeted puncture of the portal vein under ac-
curate needle guidance is facilitated by the projection of
3D markers onto the real-time fluoroscopic image. Conse-
quently, complex vascular and anatomical structures can
be visualized, and periprocedural planning of the needle
path can be facilitated (22-24).

However, the DAP of CBCT suggests a significant radia-
tion dose (9, 10), which is higher than that of conventional
TIPS, as shown by Ketelsen et al. (1). This finding is of partic-
ular importance, because patients receiving TIPS may have
an improved prognosis, compared to patients with liver
cirrhosis not receiving TIPS (25). Especially in young pa-
tients with a long life expectancy, this radiation dose may
be a cause of concern, despite an early need for TIPS (e.g.,
patients with Budd-Chiari syndrome (26)).

With regard to patient radiation, the use of LD-CBCT
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Figure 3. A, Hepatic venogram; B, Based on three-dimensional cone-beam computed tomography (3D-CBCT), the portal vein was marked; C, After 3D mapping of the right portal
vein branch in C-arm CT, the annotated portal vein branches were overlaid on the real-time fluoroscopic image; D, After puncture of the portal vein, the contrast medium was
injected to confirm successful puncture; E, Portography shows the patent portal vein with hepatopetal flow and retrograde filling of the splenic and inferior mesenteric veins.

Table 4. The Results of Quantitative Image Analysisa

Characteristics LD-CBCT group (n = 18) SD-CBCT group (n = 26) P-value

Mean CNR 1.1 ± 0.76 1.3 ± 1.1 0.5

Mean VVS 2.78 ± 1.2 2.54 ± 1.0 0.467

Abbreviations: CBCT, cone-beam computed tomography; CNR, contrast-to-noise ratio; LD-CBCT, low-dose cone-beam computed tomography; SD-CBCT, standard-dose
cone-beam computed tomography; VVS, vessel visualization score.
aValues are expressed as mean ± SD.

can be a promising approach. In this study, the use of LD-
CBCT (3-sec image acquisition time) for TIPS guidance was
investigated and compared with SD-CBCT (6-sec image ac-
quisition time). It was found that LD-CBCT reduced the ra-
diation dose by almost 50% compared to SD-CBCT, without
compromising the clinical application or significant dif-
ferences in image quality; on the other hand, the radiation
dose of SD-CBCT was comparable to the report by Ketelsen
et al. (1). Besides, no significant difference was found be-
tween the two groups regarding the time required for suc-
cessful puncture of the portal vein and the median number
of portal vein puncture attempts.

In the present study, the effect of BMI on the radia-
tion dose was non-significant, as both groups showed ap-
proximately the same mean BMI with robust image qual-
ity (mean BMI of LD-CBCT group: 24.3 ± 5.5 kg/m2; mean

BMI of SD-CBCT group: 25.6± 4.2 kg/m2). Due to the longer
recording time, motion artifacts are expected to be more
pronounced in 6-sec SD-CBCT images. However, motion
artifacts did not play a significant role in our clinical set-
ting, as apnea can occur in patients under general anes-
thesia over a long period. Therefore, no significant differ-
ence was found in motion artifacts between the groups;
nevertheless, in patients without general anesthesia, hold-
ing breath even for six seconds can be challenging.

In 2015, Ketelsen et al. (1) demonstrated that 3D-CBCT
guidance for the TIPS procedure significantly reduced the
procedural time and radiation dose, as well as the number
of puncture attempts, as compared to TIPS creation using
wedged portography as guidance. In this study, different
methods of portal vein visualization (wedged portography
vs. CBCT) were compared, and a mean DAP of 6160 ± 1380
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Figure 4. Measurement of the contrast-to-noise ratio (CNR) within the right portal vein against the background liver parenchyma. Three measurements were performed in
the portal vein and the liver in different axial slides. C-arm CT images present an optimal visualization of the main portal vein, as well as the proximal right portal vein. The
portal vein branches were subsequently marked with an annotation tool and overlaid on a real-time fluoroscopic image.

µGm2 was recorded in CBCT (median puncture attempts: 2
± 1.3); these results are consistent with our findings based
on SD-CBCT.

More recently, Boning et al. (10) reported a median of
two puncture attempts in CBCT, which is in the same range
as ours. Also, the mean puncture time in previous studies
is comparable to the present work (Boning et al.: 32 ± 45
min; Ketelsen et al.: 32.6 ± 22.7 min; the present study: SD-
CBCT, 40± 18 min and LD-CBCT, 48±42 min). However, the
use of LD-CBCT could especially lower the radiation dose in
our study, compared to previous reports (Boning et al. (10):
56300 ± 28900 µGm2; Ketelsen et al. (1): 188169 ± 121180
µGm2; the present study: LD-CBCT, 14831± 9299µGm2 and
SD-CBCT, 20985 ± 10127 µGm2).

The limitations of this study include the small popula-
tion and the retrospective design of the study, which might
limit the generalizability of our results. Also, CBCT dur-

ing TIPS is a particular type of procedure, as many inter-
ventionalists use ultrasound or indirect portography for
visualization of the portal vein. However, since these pro-
cedures could not be performed for any of our patients
due to poor image quality, LD-CBCT was introduced as a
promising approach for all patients meeting the require-
ments. Generally, the patient’s size plays a major role in
LD-CBCT, since the rotation method of C-arm, with the C-
arm axis rotating along the longitudinal axis of the pa-
tient, limits image acquisition in obese patients (BMI > 30
kg/m2). Besides, in this study, for extremely obese patients,
SD-CBCT was used because of the previously known high
image quality to avoid a potential repetition of image ac-
quisition in possibly non-diagnostic images. Besides, since
a standard amount of diluted contrast medium was used,
future studies can use adjusted contrast medium doses in
different BMI groups and CBCT dose protocols.
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In conclusion, LD-CBCT is a suitable alternative to SD-
CBCT during CBCT-guided TIPS procedures, and the patient
radiation dose can be significantly reduced. Besides, due
to the shorter acquisition time in LD-CBCT, it is possible to
diminish motion artifacts, as breath holding must be done
for a shorter time.
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