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Three-dimensional DSA guidance reduces complications and
enhances the safety during interventional treatment for
patients with hepatocellular carcinoma
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Summary

Purpose: The objective of this study was to investigate the
therapeutic effect and safety of three-dimensional digital
subtraction angiography (3D-DSA) in interventional therapy
for hepatocellular carcinoma (HCC) patients.

Methods: A total of 62 HCC patients who underwent in-
terventional therapy were selected and divided into control
group (n=31, receiving ordinary two-dimensional DSA) and
observation group (n=31, undergoing 3D-DSA). The dosage
of contrast agent, operation time and exposure dose were
compared between the two groups. Besides, the effective rate,
success rate of superselective arterial catheterization, lipiodol
deposition rate and the incidence rate of complications of the
two groups were observed and recorded.

Results: Compared with those in control group, the dose of
contrast agent and exposure dose were lower in observation
group, and the operation time in the former was significantly
shorter than that in the latter. The effective rate was 74.19%

Introduction

Hepatocellular carcinoma (HCC) is a frequently
seen malignancy in China, and it often arises in
patients aged 40-50 years old, in which the males
have higher incidence rate than the females. Clini-
cally, it is widely accepted that HCC can be induced
by multiple factors. Owing to the hidden manifesta-
tions of HCC in the early stage, a large proportion
of patients have progressed to an advanced stage
at diagnosis and miss the optimal opportunity for

in observation group and 48.39% in control group. Moreover,
in comparison with control group, operation group exhibited
a higher effective rate, a higher success rate of superselective
arterial catheterization and a higher lipiodol deposition rate,
showing statistically significant differences (p<0.05). Besides,
the incidence rate of complications (including myelosuppres-
sion, gastrointestinal discomfort and infection, 4.88%) in
observation group was markedly lower than that in control
group (25.81%) (p<0.05).

Conclusion: 3D-DSA under contrast guidance during inter-
ventional treatment of patients with HCC can significantly
improve the therapeutic effect, and it is of great importance
to reduce the incidence rate of complications and enhance
the safety of interventional treatment.

Key words: interventional therapy, therapeutic effect, HCC,
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surgery, so interventions should be performed
[1,2]. With the rapid development of interventional
technologies in recent years, arterial embolization
therapy has been gradually used in the treatment
of HCC due to its advantages such as simple op-
eration procedures and less invasiveness. Current
interventional treatments for HCC are mainly
performed under X-ray or digital subtraction an-
giography (DSA) [3-5]. As science and technology

Corresponding author: Fugiang Zhang, BM. Department of Vascular Intervention, Taizhou People’s Hospital. No.366, Taihu Rd,
Pharmaceutical High-Tech Zone, Hailing District, Taizhou Jiangsu, 225300 China.

Tel: +86 013701430709; Email: 723171695@qq.com
Received: 11/03/2021; Accepted: 09/04/2021

@ This work by JBUON is licensed under a Creative Commons Attribution 4.0 International License.



1374

Three-dimensional DSA guidance in hepatocellular carcinoma

advance, ordinary two-dimensional DSA based on
the developed three-dimensional DSA (3D-DSA)
has attracted more attention from scholars. It has
been clinically reported that 3D-DSA shows sat-
isfactory efficacy in the interventional treatment
of HCC patients [6,7]. Moreover, 3D-DSA increases
the success rate of superselective arterial cannula-
tion, reduce the risk of complications, improve the
safety and efficacy of interventional procedures,
and then improve patients’ outcomes.

In this experiment, the surgical indexes in
62 HCC patients were compared to explore the
effects of different DSA protocols in reducing the
incidence rate of complications, so as to provide
a reliable clinical basis for the orderly conduct of
interventional treatment.

Methods

General information

A total of 62 HCC patients treated in our hospi-
tal who received interventions from June 2015 to June
2020 were included in the discussion area during this
period, and they were divided into observation group
(n=31, receiving the common 2-dimensional DSA un-
der contrast-guided protocol) and control group (n=31,
undergoing 3D-DSA protocol) by double-blind rand-
omization, and the underlying data of the 2 groups of
patients were summarized by statistical analysis (Table
1). The research project was approved by the Medical
Ethics Committee in accordance with relevant processes,
and the patients or their family members signed the
informed consent form.

Inclusion criteria

Inclusion criteria were set as follows: (1) Patients
were diagnosed based on the diagnostic criteria speci-
fied in the 2010 American Association for the Study of
Liver Diseases guideline for the diagnosis of hepato-
cellular carcinoma in an endemic area, (2) those who
signed the informed consent, (3) those with < 3 tumor
lesions, (4) those with comprehensive clinical data, (5)
those with no contraindications to imaging and scan-
ning, and (6) those whose tumor was 5-10 cm in its
largest diameter.

Exclusion criteria

Exclusion criteria were set below: (1) Patients with
incomplete clinical information, (2) those with tumor
cell systemic metastases, (3) those with severe ascites
with complete portal vein embolization, (4) those with
history of recent surgery, (5) those who were unwilling
to sign the informed consent, (6) those with severe organ
disease combined with malignant tumor disease, or (7)
those with poor surgical cooperation.

Methods

After admission, all the patients included under-
went interventions. In control group, the patients were
placed in the supine position and received puncture via
the femoral artery with cannulation using the Seldinger
technique. Then a catheter was inserted into the vessel
through the Philips AlluraSelective abdominal arteriog-
raphy using XPE DSA system with contrast flow rate of
5 mL/s and dose of 2 mL/kg, followed by ultra selective
hepatic arteriography with exposure time delay of 1 s
using IADSA.

In addition to treatment in control group, the pa-
tients in observation group underwent 3D-DSA, with
the 3D acquisition mode selected. Besides, the bed sur-
face was moved to make the region of interest (ROI) in
the center of the image. After the store 1 key flickered,
the rack began to move, the recall 1 key was further
pressed, the movement was held until it ended and held
1 key was loosened after blinking stopped. Subsequent
to store 2 key blinking, recall 2 key was continuously
pressed and the rack moved to the start position, with
the store 2 button pending, so as to stop blinking or
loosen the key after the rack stopped moving. In the
intervention, the contrast medium was injected in two
segments (24 mL/segment) at a flow rate of 12 mL/s
and 6 mL/s, respectively, and exposure delay of 1 s. Af-
ter the acquisition of DSA images, the information was
automatically transferred to the 3D-RA workstation,
and the 3D processing was run automatically for 3D
spatial observation, maximum density reconstruction
on the vessel images. After confirmation of the tumor
target vessel, chemoembolization was performed and
the chemotherapy regimen consisted of a mixture of
2-4 mg of Raltitrexed, 10-50 mg of epirubicin, and 30-60
mg of oxaliplatin in iodized oil. If significant blood sup-
ply remained on arteriogram, polyvinyl alcohol particle
embolization was performed.

Table 1. Analysis of the general data of the two groups of patients

Data Control group (n=31) Observation group(n=31) t/x? p
n (%) n (%)

Gender x?=0.072 0.788

Male 20 (64.52) 21 (67.74)

Female 11 (35.48) 10 (32.26)
Mean age, years 57.48+5.59 57.45+5.54 t=0.021 0.983
Lesion diameter, cm 6.26x1.57 6.29+1.62 t=0.074 0.941
Mean weight, kg 56.46+5.58 56.41+5.52 t=0.036 0.972
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Outcome measures

(1) The clinical indexes of the 2 groups were eval-
uated by counting the operating time of the patients,
the contrast dosage and the exposure dosage. (2) The
clinical outcomes of the two groups were compared,
in which the HCC lesions completely disappeared and
maintained for more than one month were defined as
complete remission (CR),; tumor reduction of more than
50% in maximum diameter and maintenance for more
than one month were considered partial response (PR),
non-CR and non-PR were regarded as stable disease (SD),
and existence of HCC lesions and enlarged tumor di-
ameter was considered as disease progression (PD). (3)
The treatment effects of the 2 groups were compared
by evaluating the success rate of superselective arterial
cannulation of the patients and the lipiodol deposition
rate. (4) The safety of the procedure in the 2 groups was
evaluated by counting the incidence of myelosuppres-
sion, the incidence of gastrointestinal discomfort, and
the incidence of infection among the patients.

Statistics

All data were statistically analyzed using SPSS 23.0
software (IBM, Armonk, NY, USA). Measurement data
(clinical indicators) were presented as (x+s) and detected
via the t-test. Count data (success rate of superselective
arterial cannulation, response rate, lipiodol deposition

rate, and procedural safety) were expressed as percent-
ages and detected via chi-square test. P<0.05 showed
that the difference was statistically significant.

Results

Comparisons of clinical indicators

Compared with control group, observation
group exhibited a lower exposure dose and short-
er operation time, showing statistically significant
differences (p<0.05) (Table 2).

Comparison of the response rate

The response rate in observation group
(74.19%) was significantly higher than that in con-
trol group (48.39%) (p<0.05) (Table 3).

Comparison of the success rate of superselective arte-
rial cannulation and the lipiodol deposition rate

In contrast to those in control group, the suc-
cess rate of superselective arterial cannulation and
the lipiodol deposition rate were higher in observa-
tion group, displaying statistically significant dif-
ferences (p<0.05) (Table 4).

Table 2. Alignment of clinical indices from 62 HCC patients (x+s)

Group n Operation time (min) Amount of contrast (mL) Exposure dose (mGy)
Observation group 31 75.76+7.29 99.72+10.22 96.65+12.28
Control group 31 83.84+8.40 2254342583 158.34+18.15

t - 1.927 12.601 5477

p - 0.058 0.001 0.001
Table 3. Comparison of clinical outcomes of 62 patients with HCC

Group n CR PR SD PD Clinically effective

n (%) n (%) n (%) n (%) n (%)

Observation group 31 10 (32.26) 13 (41.94) 6 (19.35) 2 (6.45) 23 (74.19)
Control group 31 6 (19.35) 9 (29.03) 12 (38.71) 4 (12.90) 15 (48.39)
x? - 1.348 1.127 2.818 0.738 4351

p - 0.246 0.288 0.093 0.390 0.037

Table 4. Comparison of the success rate of superselective arterial cannulation with the complete rate of lipiodol deposi-

tion in 62 patients

Group n Superselective arterial cannulation success rate Lipiodol deposition complete rate
n (%) n (%)

Observation group 31 30 (96.77) 29 (93.55)

Control group 31 25 (80.65) 23 (74.19)

x? - 4.026 4.292

p - 0.045 0.038
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Table 5. Comparison of complications in 62 patients with HCC

Group Myelosuppression  Gastrointestinal discomfort Infected Complication rates
n (%) n (%) n (%) n (%)

Observation group 31 1 (3.23) 1(3.23) 0 (0.00) 2 (4.88)

Control group 31 3(9.68) 2(4.88) 3(9.68) 8 (25.81)

x2 - 1.069 0.350 3.153 4.292

p - 0.301 0.554 0.076 0.038

Comparison of surgical safety

The incidence rate of complications including
myelosuppression, gastrointestinal discomfort and
infection of HCC patients in observation group
(4.88%) was markedly lower than that in control
group (25.81%), and the difference was statistically
significant (p<0.05, Table 5).

Discussion

HCCis a malignant tumor with high incidence
in China. The mortality rate of HCC is second only
to esophageal and gastric cancer, and it ranks third
among digestive system malignancies, with the
incidence rate higher in the males than in the fe-
males [8,9]. At this moment, the pathogenesis of
primary HCC has not been clearly defined, and it
is currently believed that the pathogenesis of HCC
is a complex process involving multiple steps and
multiple factors, which is affected by both diet and
environment and has a serious threat to people’s
normal life [10,11].

With the rapid development of interventional
technology in recent years, arterial embolization
therapy has been gradually used in the treatment
of liver cancer due to its advantages such as easy
operation and less invasiveness. As a minimally
invasive treatment technique with advantages of
small wound, less pain and higher safety, it is the
first-line non-radical surgical procedure for HCC
patients [12,13]. The superselective or selective
insertion of catheters into the tumor feeding tar-
get artery, followed by perfusion chemoemboli-
zation, occludes the target artery, which can lead
to ischemia and necrosis of the tumor tissues. In
this way, clarifying the tumor site and the feed-
ing vessels, and superselective cannulation to the
target artery are the keys to the success of the
procedure. Current interventional treatments for
HCC are mainly performed using ordinary two-di-
mensional DSA and image processing techniques
such as subtraction, enhancement, and re-imaging
eliminate soft tissues and bone images in patients
and provide the operation with a high definition
of pure vascular images [14]. However, as for plain
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two-dimensional DSA, the tumor feeding artery is
obscured and overlapped with the anterior and pos-
terior vessels, so it is difficult to identify which can
cause overlapping vessels with tiny lesions to not
be visualized, and re-contrast is often required. At
the same time, for tortuous vessels, the catheter is
difficult to access, multi-angle contrast is required
paired with bony landmarks for tumor feeding tar-
get artery localization, which wastes the contrast
medium, increases the patient’s exposure dose and
extends the operation time [15,10].

With the continuously updated medical imag-
ing technology, the 3D-DSA developed on the ba-
sis of ordinary two-dimensional DSA has received
more attention from researchers [17]. 3D-DSA tech-
nique is a new imaging technique that combines
3D reconstruction with rotational digital subtrac-
tion. Selective celiac angiography was performed
using DSA system, super selective hepatic arteri-
ography was conducted after 3D acquisition mode
was selected, the ROI was centered on the image
by moving the bed surface, and rotational digital
subtraction was used for 3D reconstruction to get
3D standing. The body image shows the contrast
area of tumor lesions in an all-around manner. The
3D-DSA technique is a complementary contrast ex-
amination technique developed based on 2D-DSA,
rotating the DSA machine head to dynamically
contrast 3D stereo images obtained at once, which
automatically transmit information to the 3D-RA
workstation for processing, and 3D reconstruction
into a variety of stereo images, thus providing the
operator with a multiangle view and fully show the
3D relationship of the tumor structure, morphol-
ogy, and surrounding blood vessels at the site of
the tiny feeding artery. There is significant value in
terms of lesion display [18]. Compared with plain
2-dimensional DSA, the application of injected con-
trast medium in 3D-DSA can obtain multi-angle,
comprehensive 3D stereoangiographic images,
which is beneficial for clearly visualizing the po-
sitional relationship between the feeding vessels
and the tumor and the lesion feeding artery and the
branching structure, and reducing the overlapping
situation of blood vessels. Providing more valuable
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imaging information for HCC surgery is an impor-
tant complement to the common 2-dimensional
DSA for anteroposterior and lateral views. The
target vessel can be evaluated with the intubation
path, which can reduce the complexity of the inter-
ventional procedure and facilitate the subsequent
operation of the operator.

Related studies have revealed that applying
3D-DSA during hepatic arterial chemoembolization
for primary liver cancer was also able to achieve
a better result, with a significantly improved re-
sponse rate, which could effectively achieved lesion
complete embolization without increasing liver
function injury [19,20]. Their results were similar
to this study, illustrating the high value of 3D-DSA.
Meanwhile, it has been shown in other studies that
the application of contrast-enhanced ultrasound to
the intervention of primary liver cancer brought
satisfactory results, with significantly improved
diagnostic accuracy of tumor feeding artery, sig-
nificantly shorter operation time, and reduced total
radiation dose. This is similar to the results of the
present study, and the therapeutic effects of visible
3D-DSA are somewhat acknowledged [21].

In this study, after 3D-DSA during the inter-
ventional treatment, the HCC patients had a higher
response rate, a higher success rate of superselec-
tive arterial cannulation and a higher lipiodol dep-
osition rate. Besides, 3D-DSA clears the overlap-
ping of blood vessels, so surgeons can rely on 3D

References

1. Anwanwan D, Singh SK, Singh S, Saikam V, Singh
R. Challenges in liver cancer and possible treat-
ment approaches. Biochim Biophys Acta Rev Cancer
2020;1873:188314.

2. Bekir HM, Kostek O, Karabulut S et al. Efficacy of re-
gorafenib in the second-and third-line setting for pa-
tients with advanced hepatocellular carcinoma: A real
life data of multicenter study from Turkey. JBUON
2020;25:1897-903.

3. Yao X, Yan D, Jiang X et al. Dual-phase Cone-beam CT-
based Navigation Imaging Significantly Enhances Tu-
mor Detectability and Aids Superselective Transarte-
rial Chemoembolization of Liver Cancer. Acad Radiol
2018;25:1031-7.

4. Tanigawa N, Komemushi A, Kojima H, Kariya S, Sawa-
da S. Three-dimensional angiography using rotational
digital subtraction angiography: usefulness in tran-
sarterial embolization of hepatic tumors. Acta Radiol
2004;45:602-7.

5. Takada K, Toyoda H, Tada T et al. Accurate and rapid
identification of feeding arteries with multidetector-

reconstruction images and constantly seek suitable
locations to clearly show the blood supply of HCC
vessel branches, which is beneficial for increasing
the success rate of interventional super selective
intubation therapy. Compared with the common
2-dimensional DSA during the interventional treat-
ment of HCC patients, the contrast agent dosage in
3D-DSA was associated with a lower exposure dose,
shorter operation time, and a lower incidence rate
of complications such as myelosuppression, gas-
trointestinal discomfort and infection, suggesting
that the 3D-DSA achieves a better therapeutic ef-
fect, which improves the treatment outcome, short-
ens the operation time, reduces complications and
improves the safety and efficacy of interventional
procedures.

Conclusions

The use of 3D-DSA under contrast guidance
during interventional treatment of HCC patients
is of great importance to improve the therapeutic
effect, reduce the incidence rate of complications,
and enhance the safety of interventional treatment.
Therefore, it deserves further clinical promotion.

Conflict of interests

The authors declare no conflict of interests.

row angiography-assisted computed tomography for
transarterial chemoembolization for hepatocellular
carcinoma. J Gastroenterol 2015;50:1190-6.

6. Jonczyk M, Collettini F, Schnapauff D et al. Visibility of
Hypovascularized Liver Tumors during Intra-Arterial
Therapy Using Split-Bolus Single-Phase Cone Beam CT.
Cardiovasc Intervent Radiol 2019;42:260-7.

7. Jonczyk M, Collettini F, Geisel D et al. Radiation expo-
sure during TACE procedures using additional cone-
beam CT (CBCT) for guidance: safety and precautions.
Acta Radiol 2018;59:1277-84.

8. Thuring ], Zimmermann M, Bruners P et al. Short-Term
Oral Sorafenib for Therapy of Intratumoral Shunts of
Hepatocellular Carcinoma to Enable Intraarterial Treat-
ment. Cardiovasc Intervent Radiol 2019;42:1494-9.

9. Peng C, Zhou C, Li G, Li H, Shi L. Hepatic artery infu-
sion pump for nasopharyngeal carcinoma with liver
metastasis. Clin Exp Metastasis 2020;37:333-9.

10. Schernthaner RE, Duran R, Chapiro J, Wang Z, Ge-
schwind JF, Lin M. A new angiographic imaging plat-
form reduces radiation exposure for patients with liver

JBUON 2021; 26(4): 1377



1378

Three-dimensional DSA guidance in hepatocellular carcinoma

11.

12.

13.

14.

15.

cancer treated with transarterial chemoembolization.
Eur Radiol 2015;25:3255-62.

Maschke SK, Werncke T, Klockner R et al. Quantifi-
cation of perfusion reduction by using 2D-perfusion
angiography following transarterial chemoemboli-
zation with drug-eluting beads. Abdom Radiol (NY)
2018;43:1245-53.

Ladd LM, Tirkes T, Tann M et al. Comparison of he-
patic MDCT, MRI, and DSA to explant pathology for
the detection and treatment planning of hepatocellular
carcinoma. Clin Mol Hepatol 2016;22:450-7.

Altenbernd JC, von der Stein I, Wetter A et al. Impact
of dual-energy CT prior to radioembolization (RE). Acta
Radiol 2015;56:1293-9.

Wang E, Xia D, Bai W et al. Tumor Hypervascularity
and hand-foot-skin reaction predict better outcomes
in combination treatment of TACE and Sorafenib for
intermediate hepatocellular carcinoma. BMC Cancer
2019;19:4009.

Schernthaner RE, Haroun RR, Duran R et al. Im-
proved Visibility of Metastatic Disease in the Liver
During Intra-Arterial Therapy Using Delayed Arte-
rial Phase Cone-Beam CT. Cardiovasc Intervent Radiol
2016;39:1429-37.

JBUON 2021; 26(4): 1378

16.

17.

18.

19.

20.

21.

Joo SM, Kim YP, Yum TJ, Eun NL, Lee D, Lee KH. Op-
timized Performance of FlightPlan during Chemoem-
bolization for Hepatocellular Carcinoma: Importance
of the Proportion of Segmented Tumor Area. Korean J
Radiol 2016;17:771-8.

Kalra A, Biggins SW. New paradigms for organ alloca-
tion and distribution in liver transplantation. Curr Opin
Gastroenterol 2018;34:123-31.

Jonczyk M, Collettini F, Geisel D et al. Radiation expo-
sure during TACE procedures using additional cone-
beam CT (CBCT) for guidance: safety and precautions.
Acta Radiol 2018;59:1277-84.

Iwazawa J, Ohue S, Hashimoto N, Muramoto O, Mitani
T. Clinical utility and limitations of tumor-feeder detec-
tion software for liver cancer embolization. Eur ] Radiol
2013;82:1665-71.

Kang Z, Wang N, Xu A, Wang L. Digital subtract angi-
ography and lipiodol deposits following embolization
in cirrhotic nodules of LIRADS category =3. Eur ] Ra-
diol Open 2019;6:106-12.

HoY]J, Chang MB, Lin YH, Yao CH, Huang TC. Quantita-
tive portal vein velocity of liver cancer patients with

transcatheter arterial chemoembolization on angiog-
raphy. Sci World ] 2012;2012:830531.



