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Objectives: The present study aims at determining the ability of 64-slice
spiral CT angiographic analysis to identify the origin and distribution of
both the left and right IPAs and its branches in normal and pathological
cases.
Methods: Three hundred cases of normal healthy subjects aged 20-89
years (median age = 54 years) who received the 64-slice spiral CT of
abdominal vessel two-stage contrast-enhanced from the First Affiliated
Hospital of Jiamusi University from August 2015 to February 2016 were
selected for the study. Then the bilateral origin of the IPA was recorded,
diameter and performance were measured, and the obtained data was then
compared with that of the normal group. The statistical analysis was done
with the help of SPSS version 17.0 statistical software.
Results and Conclusion: In addition, the IPA is frequently reconstructed
through several pathways, mainly through the retroperitoneal network.
The study also aims to apply such findings to the clinical scenario of treating
HCC. IPA with 64-slice spiral CT angiography can clearly show the normal
anatomy and variation of IPA.
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INTRODUCTION
The inferior phrenic artery (IPA) is found to be the most common extrahepatic collateral route to hepatocellular
carcinoma (HCC). In the medical history, surgery has been considered as the most preferred treatment strategy for
HCC. However, in the case of the advanced stage of the tumor accompanied with hepatic scarring, surgery is avoided
as the lesions are often inoperable at the time of diagnosis (1). A previous study showed that, unlike the parenchyma,
the blood supply to the hepatic tumors is typically arterial, supplied by the portal vein (2). The variants of IPA, i.e., the
right and left IPAs (RIPA and LIPA, respectively), act as the supply route to these malignant tumors. This is because
both the variants constitute the neighboring hepatic segments and traverse the bare liver area (3,4).
The anatomical study of IPA (especially for RIPA and LIPA that represents half of the hepatic artery) is considered
important for the interventiosnal radiologists (5). A previous study has stated the various attributes of the multislice
spiral CT (MSCT) angiography like the large cover area, fast scanning speed, clear imaging, and 3D display from
multiple angles. Thus, these characteristics are considered to be of great importance in the diagnosis and treatment of
hepatic diseases (6).
The present study deals with the following research statements:
1. To explore the technical control of computed tomography angiography (CTA) of IPA in the 64-slice spiral CT
(MSCT) and compare the different iodine concentrations of contrast agents and different post-processing
visualizing techniques like multiple planar reconstruction (MPR), maximum intensity projection (MIP), and
volume rendering (VR) for people with normal IPA origin.
2. To study the normal anatomy and the variation of IPA by MSCT angiography and measure the inner diameter of
the IPA on the MIP images at a point about 5 mm away from the opening of the origin.
3. To analyze the angiographical and anatomical variations of IPA in order to explore its clinical value in HCC in the
collateral blood supply.
MATERIALS AND METHODS
Patients
Normal groups: Three hundred cases (168 male cases, 132 female cases) of normal healthy subjects aged 20-89 years
(median age = 54 years) who received the 64-slice spiral CT of abdominal vessel two-stage contrast-enhanced from
the First Affiliated Hospital of Jiamusi University from August 2015 to February 2016 were selected for the study. The
subjects were randomly divided into two groups: A and B (150 cases for each group). Group A received contrast
media containing 300 mg iodine/ml, whereas group B received contrast media containing 370 mg iodine/ml. All the
images derived from CT original images were reconstructed with the minimum slice of 0.75 mm and interval of 0.40
mm. Image post-processing was introduced with MPR, MIP, and VR. Then the display capabilities of three different
kinds of three-dimensional reconstructions and different iodine concentrations of contrast agent of IPA and its
branches were compared. The statistical performance of IPA and MSCT imaging techniques were evaluated for
finding their bilateral origin. The selected IPA origin opened at about 5 mm at the regional context, and the inner
diameter of IPA was measured on the MIP images.
Disease group: A retrospective analysis unveiled the complete image data of 96 cases of patients with HCC that
showed the existence of 30 cases (21 males and 9 females) of the IPA in patients with collateral blood supply by MSCT
processing. Then the bilateral origin of the IPA was recorded, diameter and performance were measured, and the
obtained data was then compared with that of the normal group.
Statistical analysis
The statistical analysis was done with the help of SPSS version 17.0 statistical software. The measurement of the
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diameter of the subject was expressed as ± s. For image evaluation, chi-square test was used (test a = 0.05). P < 0.05
was considered statistically significant. To find the IPA diameter for the normal and disease group, independent
samples t test was done.
Examination methods
All the patients drank pure water (500-1000 ml) and lay supinely on the scan table, head first body position. The scan
range was from the top of the diaphragm to the lower pole of kidney. Image acquisition was done in a single
breath-hold. CT enhanced scan contrast agent was heated up to 37°C, using a high pressure 20 gauge syringe through
an ante-cubital vein of the right elbow vein injection speed of 4.0 ml/s, with 1.5 ml/Kg weight to calculate the
required amount of contrast agents in the patients. The resulting original scanned image was with a minimum
thickness of 0.75 mm, and 0.40 mm of spacing layer gap through the thin layer reconstruction image was present for
the maximum view of IPA.
Equipments used in the study:




CT examination scanner: Siemens Somation Sensation 64-slice CT machine.
Image post-processing workstation: Syngo CT 2007s.
Host Operating System: SIEMENS-MMWPE27A system

RESULTS AND DISCUSSION
In Group A, four cases showed no clear arterial enhancement and two cases showed a less clear origin for IPA. In
addition, the display rate was 98%, and the excellent significant rate was 17.12%. In group B, 100% arterial
enhancement was observed, with an excellent penetrance of 23.89%. For each group, three kinds of post-processing
techniques, i.e., MPR, MIP and VR, were used for displaying the IPA origin and evaluating the ability of the gross
anatomy. It was found that the differences were not statistically significant (group A: (χ2 = 2.27, P > 0.05; group B: (χ2=
9.43, P > 0.05)). Both the groups showed different significance (χ 2 = 10.30, P < 0.05) for the three kinds of
post-processing techniques. In addition, the IPA origin and the gross anatomy of the ability of the difference were not
statistically significant (χ2=4.54，P>0.05).
The origins of the IPA branches in the normal groups of 300 cases of 594 subjects with a display rate of 99% are as
follows (Fig. 1A-G). The IPA branches originated from the celiac axis in 50.51% of patients (300 of 594), abdominal
aorta main arteries in 35.02% (208), the renal artery in 9.43% (56), the left gastric artery in 3.37% (20), the adrenal
artery in 1.18% (7), the hepatic artery in 0.34% (2), and from the splenic artery in only 1% (1). Comparatively, the
disease group showed a clear display of 60 IPA, of which 24 (40%) originated from the celiac trunk, 22 (36.67%) from
the abdominal aorta, 10 (16.67%) from the renal artery, 3 (5%) from the renal artery, and 1 (1.67%) from the left
gastric artery (Fig. 2A-E).
In the normal group, the average value of IPA diameter for the right side was 1.41 ± 0.3 mm, with 95% confidence
interval (1.41 ± 0.04 mm). The left IPA diameter was 1.30 ± 0.37 mm, with 95% confidence interval (1.30 ± 0.04 mm).
The right side IPA diameter was found to be significantly greater than the left side (t = 3.78, P <0.05). In the disease
group, the right IPA diameter was 2.13 ± 0.75 mm, with 95% confidence interval (2.13 ± 0.28 mm), and the left IPA
diameter was 1.56 ± 0.40 mm, with 95% confidence interval (1.56 ± 0.15 mm). The right side IPA diameter was found
to be significantly greater than the left side (t = 3.48, P < 0.05). It was also found that the left and right ipsilateral IPA
diameters for the disease group were significantly greater than that of the normal group (t = 3.63, 5.04; P < 0.05).
The normal variability and origin of IPA after using the post-processing techniques for both the groups, A and B, are
shown in Table 1.
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Table 1. Group A and Group B shows three kinds of reconstruction results for IPA branch and their comparison result
A*

B#

Method
MPR
MIP
VR
Total

Evaluation
Excellent

Good

Qualified

45
49
57
151

83
88
85
256

166
157
152
475

Total

Method

294
294
294
882

MPR
MIP
VR
Total

Evaluation
Excellent

Good

Qualified

62
78
75
215

90
86
93
263

148
136
132
416

Three kinds of reconstruction^

Group
Group A
Group B
Total

Excellent

Good

Qualified

151
215
366

256
263
519

476
416
892

Total
300
300
300
900

Total
882
900
1782

* χ2 =2.27, P>0.05; multiple planar reconstruction (MPR), maximum intensity projection (MIP) and volume rendering (VR)
# χ2 =9.43, P>0.05; multiple planar reconstruction (MPR), maximum intensity projection (MIP) and volume rendering (VR)
^ χ2 =10.30, P<0.05

Table 2. The occurrence of normal IPA in 300 cases, and its origin of variation in percentage of IPA branches
Site of origin

Left IPA

Right IPA

Total

Celiac
Abdominal aorta
Left gastric artery
Renal artery
Renal artery
Hepatic artery
Splenic artery

187（63.61%）
93（31.63%）
11 (3.74%)
—
2 (0.68%)
—
1 (0.34%)

113（37.67%）
115（38.33%）
9（3.00%）
56（18.67%）
5（1.67%）
2（0.67%）
—

300 (50.51%)
208 (35.02%)
20 (3.37%)
56 (9.43%)
7 (1.18%)
2 (0.34%)
1 (0.17%)

Table 3. Thirty patients suffering from liver cancer and their originated IPA occurrence
Site of origin

Left IPA

Right IPA

Total

Celiac
Abdominal aorta
Renal artery
Renal artery
Left gastric artery

17 (56.67%)
11 (36.67%)
2 (6.67%)
—
—

8 (26.67%)
12 (40.00%)
8 (26.67%)
1（3.33%）
1（3.33%）

25 (41.67%)
23 (38.33%)
10 (16.67%)
1（1.67%)
1（1.67%)

Table 4. IPA diameter measurement between the normal and disease group（x  s）
Group (n)
Normal group（300）
Disease group（30）
T value
P value

Left IPA（mm)
1.30±0.37
1.56±0.40
3.63
P<0.05

Right IPA (mm)

T value

P value

1.41 ± 0.33
2.13 ± 0.75
5.04
P<0.05

3.78
3.48
—
—

P<0.05
P<0.05
—
—
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In 594 normal display IPA cases, the origin of variation in the incidence of IPA is shown in Table 2. The IPA is found in
the form of round or nodular high density along the MSCT cross section, with coronal reconstruction display along both
sides of the oblique abdominal aortic lines like the vascular image.
The powerful data processing by the MSCT angiography advanced scanning technology can clearly show the
relationship between blood vessels and the surrounding abdominal organs, keeping in view the clinical suspicion of
aortic 3D shape of pseudo aneurysms, aortic dissection, aortic intramural hematoma, and aortic congenital vascular
disease. Interventional radiology is needed for obtaining further image information. Such an intervention results in a
more intuitive, precise, broader, and improved vascular examination techniques and clinical value of abdominal
imaging, especially to meet the clinical microsurgery requirements (4, 7-11). Currently, MSCT angiography is a fast,
accurate, and non-invasive pre-clinical diagnostic and surgical technique for the abdominal vascular emergencies
(12-16). The potential clinical significance is established by the normal reference values.
In the present study, 300 cases of normal people were subjected to MSCT angiography, and the IPA's overall display
rate was 99.33%. We believe that the origin of IPA on display rate of MSCT main factors is associated with the
following properties: (1) The concentration of iodine contrast agent is not enough, and the difference seen in patients,
especially on the left IPA diameter < 0.5 mm, was difficult to identify with naked eyes. (2) IPA close to the celiac origin
when opening the abdominal aorta exhibited similarly between the origins of celiac or abdominal aorta. (3) Due to
the complexity of IPA origin, the familiarity of IPA with the surrounding anatomical structures can also have an
impact on the relationship between correct identification of IPA and its measurement. Therefore, this set of
experiments resulted in a high concentration of contrast agent (370 mgI/ml) of the IPA that shows a more standard
iodine contrast agent concentration (300 mgI/ml), which was found to be statistically significant. A greater degree of
anatomical adjacent and relationship with IPA is exhibited by the thickness of the arterial line of the raw data (0.75
mm) and the reconstruction interval of 0.4 mm with the powerful post-processing capabilities that will significantly
improve the display rate (17- 20).
MSCT three post-processing image display case of IPA and its major branches
Based on the observations of 300 cases subjected to multi slice spiral CT angiography with three reconstruction
imaging techniques, there were no significant differences observed between the three displays (P>0.05 for both the
groups). This means the high concentration of iodine contrast agent is superior to the standard display of the IPA
(21-24). We found that the MPR images with a high ability to distinguish details seemed to be less demanding on the
concentration of contrast agent that can be tracked at any level to observe the inner lumen of IPA and adjacent
relationship with the surrounding circumstances from different angles of MIP images, adjusting the thickness of a
reasonably clear and precise display of IPA. Vascular origin in general courses, high contrast, can accurately measure
the IPA vessel diameter but lack space for visualizing 3D images. However, VR can generate 3D images of the IPA and
peripheral vascular arteries and further establish an anatomical relationship of various tissues appearing to maximize
the smooth tissue component of the vessel wall that appears with particular clarity at the image level. In short, the
advantages of 64-slice CT post-processing approach include not increasing the amount of radiation and shortening of
the examination time or three-dimensional reconstruction. Therefore, in the process of dimensional reconstruction of
IPA, a different purpose post-processing method needs to be selected based on the observations and comprehensive
application of various post-processing technology that will greatly enrich the MSCT display capabilities of the IPA
(25-28).
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Figure 1: (A) RIPA and LIPA have dried in the origin of abdominal aorta; (B) Origin of RIPA and LIPA, respectively
from the abdominal aorta; (C) RIPA and LIPA stems originated from the celiac trunk; (D) Origin of RIPA and LIPA
from the celiac; (E) RIPA originates from the abdominal aorta, and the LIPA originates from the celiac; (F) RIPA left
gastric artery origin, origin of LIPA abdominal aorta; (G) RIPA right renal artery origins, origin of LIPA left gastric
artery
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Figure 2: (A) Origin of RIPA from the right renal artery, LIPA origin of the celiac; (B) Origin of RIPA and LIPA,
respectively from the left gastric artery; (C) Origin of RIPA was in hepatic artery, LIPA origins of the splenic artery; (D)
Origin of RIPA abdominal aorta, LIPA origin from the left renal artery; (E) RIPA origin of hepatic artery, LIPA origin of
the celiac
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Figure 3: (A) Diseased group: RIPA origins of abdominal aorta, and see little blood supply of liver cancer; (B) Diseased
group: RIPA thickened, branching increased form

Figure 4: (A) Patients with hepatocellular carcinoma, RIPA blood supply of liver cancer; (B) Patients with
hepatocellular carcinoma, hepatic tumor blood supply of RIPA
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Origin of the IPA diameter with MSCT performance
The most common IPA origin was at the level of about 1 cm from the abdominal aorta vessel wall, both from the left
and right sides, which were symmetrical. IPA also originated from the celiac artery and superior and inferior
mesenteric artery. The RIPA and LIPA both originated from a common trunk. RIPA originating from the bottom of
renal artery, left gastric artery, hepatic artery and splenic artery is rare (29, 30). The study found that the average
diameter of the RIPA (1.41 ± 0.04 mm) was significantly larger than the left side (1.30 ± 0.04 mm) (t = 3.78, P <0.05).
In a study conducted by Loukas et al. (10), 30 patients with HCC autopsy of the right IPA origin in celiac accounted for
40%, abdominal aorta 38%, renal artery 3%, left gastric artery 3% and hepatic artery 2%. In addition to this, the
patients with HCC were treated with MSCT display IPA with similar origins, which were located in the right lobe of the
liver cancer lesion, and the diameter was measured as 6.7 ± 1.5 cm. In patients with liver cancer, the IPA origin was
celiac artery in 41.67% (25 cases), abdominal aorta in 38.33% (23 cases), and renal artery in 16.67% (10 cases).
Further, the MIP imaging technique measured the mean diameter of RIPA at 2.13 ± 0.75 mm, with 95% confidence
interval (2.13 ± 0.28) mm. It was significantly larger than the LIPA diameter 1.56 ± 0.40 mm, with 95% confidence
interval (1.56 ± 0.15) mm, (t = 3.48, P <0.05) (Table 4; Fig. 4A and B).
In recent years, scholars have found that IPA has important practical significance in terms of not only diagnosis and
treatment of liver cancer. The IPA, esophagus-gastric branch, adrenal gland-renal artery in the lower esophagus,
gastric cancer, kidney tumor and retroperitoneal space tumors are also of significance. Research in this area is not
deep enough, and its potential link still requires further study.
We thus conclude that:
1. The two different iodine concentrations of contrast-enhanced scan of IPA shows significant differences. The high
concentration of iodine contrast agent (370 mgI/ml) of the IPA's display is better than the standard iodine
concentration of contrast agent (300 mgI/ml).
2. The comparison of 64-slice spiral CT three reconstructions (MPR, MIP, and VR), the IPA origin, and the gross
anatomy of the ability to display results indicated that the three kinds of approach were not statistically
significant. The 64-slice spiral CT post-processing techniques have their own advantages and disadvantages;
therefore, they should be used in combination. The gross anatomy and three-dimensional structure were
estimated with the space adjacent to the vascular organ.
3. IPA with 64-slice spiral CT angiography can clearly show the normal anatomy and variation of IPA and measured
the IPA inner diameter of the normal reference range in order to provide imaging evidence for angiography and
surgery.
4. The review of IPA by 64-slice spiral CT angiography analysis of disease group indicated that the 64-slice spiral CT
leads to multi-angle observation. IPA is involved in blood supply to the liver tumors for the interventional
treatment, clinical surgery, and liver transplantation.
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