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Aim To evaluate whether right inferior phrenic artery (RIPA) is a source of extrahe-
patic arterial supply to the liver in cirrhotic patients without hepatocellular carcinoma
(HCC) using 256 slice computed tomography (CT).

Materials and Methods Institutional review board approval was obtained
for this retrospective study. A total of 262 consecutive cirrhotic patients (male:
female-172:90; mean age 56.45 * 12.96 years) without HCC and hepatic vascular
invasion, and who underwent technically successful multiphase CT, were included in
the study. Additionally, 280 noncirrhotic patients (male:female-169:111; mean age
54.56 = 14.21 years) who underwent abdominal multiphase CT scans for indications
other than liver disease and did not have focal liver lesions or hepatic vascular disease
were included as a control group. The RIPA and left inferior phrenic artery (LIPA) diam-
eters were measured at the level of the ascending segment of IPA located anterior
to the diaphragmatic crus. The relationship between RIPA diameters and Child—Pugh
score was assessed.

Results The cirrhotic patient group and control group were matched for age
(p = 0.11) and gender (p = 0.20). The mean diameter of RIPA in the cirrhotic group
(1.93 + 0.4 mm) was significantly higher than in the control group (1.50 = 0.5 mm),
p < 0.001. The mean diameter of LIPA in the cirrhotic group (1.34 £ 0.5 mm) was not
significantly higher than in the control group (1.30 = 0.5 mm), p = 0.32. We found a
statistically linear and moderate degree relationship between RIPA diameter values
and Child-Pugh scores (p = 0.002, r = 0.593).

Conclusion RIPA is hypertrophied in patients with cirrhosis without HCC. It may be
an important contributor to the blood flow to the liver in cirrhotic patients even with-
out HCC, especially with portal hypertension.
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Introduction

The right inferior phrenic artery (RIPA) is the most com-
mon extrahepatic blood supply to hepatocellular carcinoma
(HCC), especially those located near the bare area of the liver
and posteriorly located exophytic lesions. It is also observed
that in patients with stenosis/occlusion of hepatic arteries
after repeated transarterial chemoembolization (TACE), HCCs
commonly recruit blood supply from RIPA. Identifying and
targeting these branches while performing TACE is essen-
tial for the effective outcome.' Studies have shown that
RIPA is a common extrahepatic artery to supply liver when
the hepatic arteries are ligated/occluded.*® 1t is established
that in cirrhotic patients with portal hypertension, which is
a state of restricted blood supply to the liver, hepatic arter-
ies enlarge and supply the liver.”'" However, the literature on
the extrahepatic blood supply through RIPA to the cirrhotic
liver without HCC is limited. Understanding the anatomical
variations and physiology of RIPA will help us in better man-
agement of cirrhotic patients. In this study, we have tried to
evaluate whether RIPA has a role in supplying the cirrhotic
liver without HCC.

Aim
To evaluate whether RIPA is a source of extrahepatic arterial
supply to the liver in cirrhotic patients without HCC.

Materials and Methods

Study Population

An institutional review board approved this retrospective
study. Informed consent was taken before the CT scans.
Between January 2018 to November 2019, 262 consecutive
cirrhotic patients (male: female-172:90; mean age 56.45 +
12.96 years) who underwent technically successful multi-
phase CT for evaluation of liver were included in the study.
None of the patients included in the study had primary or
metastatic hepatic neoplasm at the time of the CT scan. Also,
none of the patients had signs of hepatic vascular disease,
pleural or diaphragmatic disease. The diagnosis of cirrhosis
was made by a combination of imaging (ultrasonography, CT,
upper endoscopic) and laboratory tests. CT findings of col-
laterals, ascites, splenomegaly, and dilated portal (> 13 mm)
were considered as evidence of portal hypertension. The
Child-Pugh score of the patients was calculated by using
the clinical and laboratory database at the time of the CT
examination. In addition, 280 noncirrhotic patients (male:
female-169:111; mean age 54.56 + 14.21 years) who under-
went abdominal multiphase CT scans for indications other
than liver disease (mesenteric ischemia, peripheral arterial
disease, donor patients for renal transplantation, renal artery
stenosis, and aortic aneurysms), and did not have focal liver
lesions or hepatic vascular disease, pleural or diaphragmatic
disease, were included as control group. Patients with known
HCC and portal vein thrombosis, and those who had under-
gone endovascular treatment of aorta, were excluded from
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the study. CT images of patients who had severe atheroscle-
rosis, and/or movement artifacts preventing assessment of
the IPA, were also excluded from the study.

CT Technique

Multidetector CT (MDCT) was performed with a 256-section
multidetector CT scanner (Philips 256 slice ICT, Philips
Healthcare). Scanning parameters are shown in =Table 1.
Contrast-enhanced images were obtained in the bolus-
triggered arterial phase and delayed venous phases. Patients
were scanned at 120 kV with an active dose reduction index
(DRI-20).

Image Interpretation

The image analysis was done on dedicated worksta-
tions (Intellspace, Philips Healthcare) which allowed
three-dimensional (3D) postprocessing with multiplanar
image reformatting and maximum intensity projections
(MIPs). Arterial phase CT images with 1 mm slice thickness
were used to assess the IPA. The IPA diameters were mea-
sured with electronic calipers at the level of the ascending
segment of IPA located anterior to the diaphragmatic crus
on axial CT images. All images were analyzed by a radiolo-
gist with 10 years of experience in abdominal radiology. The
relationship between RIPA diameters and the Child-Pugh
score was assessed.

Statistical Analysis

Statistical analysis was performed using IBM SPSS
Statistics 20.0 software (IBM Corp.). The data was analyzed
using descriptive statistical methods. Quantitative variables
were expressed as mean values and standard deviations
(SDs). The gender distribution among the cirrhotic and con-
trol groups was compared by the chi-square test. The mean
age difference between the cirrhotic and control groups
was assessed by Student’s t-test. Statistical significance was

Table 1 Multidetector CT parameters used for scanning
patients
Parameter Comment
Peak voltage (kVp) 120 kvP
Effective (mAs) 150-350 mAs (DRI-20)
Rotation time (s) 0.5s
Detector collimation 128 x 0.625 mm
Pitch 0.914
Matrix 512 %512
Reconstruction slice 1.0 mm
thickness
Reconstruction method iDose-4
IV Contrast: Omnipaqu 350 (iohexol); volume:
1.5 mL/kg; rate: 4-6 mL/sec
Scan delay Hepatic AP: 15 sec; Other AP: 6 sec
(Bolus tracking; ROI: descending
aorta, 2 cm above diaphragm)

Abbreviations: AP, arterial phase; HU, Hounsfield; ROI, region of interest.
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established at a p-value of less than 0.05. The linear relation-
ship between the Child-Pugh score and RIPA diameter was
calculated by Pearson’s correlation coefficient.

Results

The patient group consisted of 262 cirrhotic patients (male:
female-172:90; mean age 56.45 * 12.9 years) and the con-
trol group consisted of 280 patients (male:female-169:111;
mean age 54.56 + 14.2 years) with no liver, pleural, or dia-
phragmatic disease. There was no statistically significant
difference between the two groups with regard to age and
gender (p = 0.11, and p = 0.20, respectively) (~Table 2). The
origins of the IPAs were visualized in all patients. The origins
of the IPAs from various sources with or without common
truncus in both the patient and control groups are shown in
=Table 3. The mean diameter of RIPA in the cirrhotic group
(1.93 £ 0.4 mm) was significantly higher than in the control
group (1.50 = 0.5 mm), p < 0.001. In the cirrhotic group, the
diameter of the RIPA (1.93 + 0.4 mm) was significantly higher
than the LIPA diameter (1.34 +0.5), p < 0.001 (~Figs. 1 and 2).
There was no statistically significant difference in the diam-
eter of the LIPA between the patient group (1.34 + 0.5 mm)
and the control group (1.3 £ 0.5 mm), p = 0.32. Even in the
control group, although the RIPA diameter (1.50 £ 0.5 mm)
was higher compared with LIPA diameter (1.3 £ 0.5 mm), this
was not statistically significant (p = 0.14).

The cause of the cirrhosis was ethanol-related in 123
patients (46.9%), hepatitis B in 55 patients (20.9%), hepatitis
C in 47 patients (17.9%), cryptogenic in 27 patients (10.3%),
autoimmune in seven patients (2.7%), and primary biliary
cirrhosis in three patients (1.1%). According to the Child-
Pugh classification, 82 patients (31.3%) were in class A, 123
patients (46.9%) were in class B, and 57 patients (21.8%) were
in class C. The mean value of the Child-Pugh score was 8.13
2.14 (range: 5-14). We found a statistically linear and mod-
erate degree relationship between RIPA diameter values and
Child-Pugh scores (p = 0.002, r = 0.593) (~Fig. 3).

Discussion

The liver receives blood supply from both portal vein (75%)
and hepatic artery (25%).!>"> In conditions leading to the

Table 2 Characteristics of patients in cirrhotic and the
control group

Cirrhosis Control p-Value
(N =262) (N =280)
Age (years) 56.45+12.9 54.56 £14.2 | 0.11
Sex
Male (N = 341) 172 (50.4%) 169 (49.6%) | 0.20
Female (N=201) | 90 (44.8%) 111 (55.2%)
Diameter of RIPA 1.93+0.4 1.50+0.5 <0.001
Diameter of LIPA 1.34+0.5 1.3+0.5 0.32

Abbreviations: LIPA, left inferior phrenic artery; RIPA, right inferior
phrenic artery.
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decreased blood flow to the liver, extrahepatic pathways
open up to supply the liver. In cirrhosis, the liver is in a state
of relative ischemia once portal hypertension sets in. The
most common pathway of compensating liver blood flow is
through the hypertrophied hepatic artery.'''6!” Along with

Table 3 Variations in the origins of RIPA and LIPA in control
and cirrhotic groups

Control group (N = 280)

Common origin RIPA + LIPA
Aorta 30

Celiac 29

Left renal artery 1

Separate origin RIPA LIPA
Aorta 99 78
Celiac artery 82 135
Right renal artery 34 0
Left renal artery 0 3
Left gastric artery 4 0
Splenic artery 0 4
SMA 1 0
Cirrhotic group (N = 262)

Common origin RIPA + LIPA
Aorta 33

Celiac 22

Separate origin RIPA LIPA
Aorta 105 79
Celiac 78 125
Right renal artery 20 0
Splenic artery 0 2
Left renal artery 0 1
Left gastric artery 3 0
Common hepatic artery 1 0

Abbreviations: LIPA, left inferior phrenic artery; RIPA, right inferior
phrenic artery; SMA, superior mesenteric artery.
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Fig. 1 Box-and-whisker diagram showing the diameters of the right
inferior phrenic artery (RIPA).
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Fig. 2 Box-and-whisker diagram showing the diameters of the left
inferior phrenic artery (LIPA).
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Fig. 3 Relationship between Child-Pugh scores and right inferior
phrenic artery (RIPA) diameters.

the hepatic artery, other extrahepatic collateral pathways
also supply the liver. RIPA is the most common extrahepatic
collateral blood flow to the HCC.'* In this study, we have tried
to understand the role of RIPA in supplying cirrhotic livers
without HCC.

In cirrhosis, parenchymal fibrosis affects the hepatic sinu-
soids, leading to increased resistance to the portal blood
flow and resulting in portal hypertension. As the cirrhosis
progresses, portal venous blood flow to liver decreases, and
in later stages, reversal of portal venous flow may occur.'®2!
Communication between the portal vein and hepatic artery is
through trans-sinusoidal, transvasal, and transbiliary vascu-
lar plexus route. As the portal venous blood flow to the liver
decreases, hepatic arteries enlarge to compensate the blood
supply to the liver.?>?4In a study by Toni et al, the mean diam-
eters of the splenic and hepatic arteries were larger in cir-
rhotic patients.?® Takeuchi et al studied the potential routes
of extrahepatic arterial supply to the liver after temporary
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balloon occlusion of the proper hepatic artery. They found
that the commonest source of the extrahepatic arterial supply
to the liver during temporary balloon occlusion of the proper
hepatic artery was RIPA.# Esen et al had studied the influence
of portal hypertension on the RIPA diameter and had con-
cluded that portal hypertension is an important triggering
factor for the enlargement of RIPA. They found that the mean
diameter of the RIPA in the cirrhotic group was significantly
greater than the control group. In the cirrhotic group, they
also found a linear and moderate relationship between RIPA
diameters and Child-Pugh scores (p = 0.012, r = 0.405).2° In
our study, the mean RIPA diameter was significantly higher
in the cirrhotic group (1.93 + 0.4 mm) than the control group
(1.50 £ 0.5 mm) with a p value of < 0.001 (~Figs. 4 and 5).
We also found a linear and moderate degree relationship
between the RIPA diameter and the Child-Pugh scores
(p = 0.002, r = 0.593). Ascites and encephalopathy, the two
major components of the Child-Pugh scoring system, are
manifestations of portal hypertension. Ramanathan et al
in their study have shown a good correlation between the

Fig. 4 A 56-year-old cirrhotic patient with Child-Pugh B status.
Multidetector CT arterial phase MIP images show right IPA (A, B white
arrow) and left IPA (A, B yellow arrow). Note the hypertrophied RIPA.
IPA, inferior phrenic artery; MIP, maximum intensity projection; RIPA,
right inferior phrenic artery.

Fig. 5 A 62-year-old cirrhotic patient with Child-Pugh B status.
Multidetector CT arterial phase MIP images show RIPA (white arrow)
and LIPA (yellow arrow) originating separately without common trun-
cus. RIPA originates from left gastric artery (white arrowhead) and
LIPA from aorta (yellow arrowhead). Note the hypertrophied RIPA.
LIPA, left inferior phrenic artery; MIP, maximum intensity projection;
RIPA, right inferior phrenic artery.
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hepatic venous pressure gradient (HVPG) levels and the
Child-Pugh scores of the patients.?” The Child-Pugh score
seems to be an indirect indicator of the portal pressure.
Hence, enlarged RIPA could serve as a surrogate marker for
portal hypertension. The retrospective nature of our study
did not allow us to measure HVPG in our patients. In another
study, Ozbulbul et al observed that the diameter of RIPA was
greater in a subgroup of patients with cirrhosis and portal
vein thrombosis as compared with patients with cirrhosis
without portal vein thrombosis.?® In our study, none of the
patients had portal vein thrombosis. However, portal vein
thrombosis is a complication of advanced portal hyperten-
sion and hence their observation is supportive of our find-
ings. We found no statistically significant differences in the
diameters of the LIPA between the cirrhotic group (1.34 £ 0.5)
and the control group (1.30 + 0.5), p = 0.32. This reinforces the
fact that RIPA is the critical artery supplying the liver when
its blood flow is compromised. However, LIPA is an important
extrahepatic collateral artery supplying the tumors located
in the left lobe of the liver abutting the diaphragm.??In our
control group, the RIPA diameter was larger (1.50 + 0.5 mm)
compared with LIPA diameter (1.3 £ 0.5 mm) without any
statistically significant difference (p = 0.14). This finding is
similar to the observation of Ozbulul et al who also found the
RIPA dominance in their control group.?

Various other clinical conditions leading to the decreased
arterial flow to the liver may induce extrahepatic blood supply
pathways to the liver. This is especially important when we
treat the HCC with TACE. Hyo-Cheol Kim et al had shown that
repeated chemoembolization sessions and dorsal location of
the tumors are significant factors that influence the parasitic
supply of the tumor by RIPA.* Repeated TACE induces a state of
ischemia which, in turn, may lead to hypertrophy of the RIPA
and supply of tumor. Even in patients with a patent hepatic
artery, the RIPA is the most common extrahepatic blood sup-
ply to HCC, especially those located in the bare area of the liver
and posteriorly located exophytic lesions.!

Our study had a few limitations. We did not perform the
HVPG and relied on the CT findings and Child-Pugh score as
indirect indicators of portal hypertension. The retrospective
nature of the study did not allow us to measure the HVPG. We
did not compare diameter measurements with conventional
angiography. Moreover, the small absolute measurements
of the IPAs may be a challenge in terms of repeatability, and
automated techniques may be more reproducible.

Conclusion

The positive correlation between Child-Pugh scores and RIPA
hypertrophy indicates that an increasing percentage of liver
blood flow, although presumably small in absolute terms, is
supplied by this artery as cirrhosis advances. The concept of
RIPA having a physiological role is cirrhosis, apart from being
a supplementary source of blood supply for HCC, could have
a bearing on clinical decision-making in patients undergo-
ing TACE. Simultaneous embolization of the hepatic artery
and the RIPA in patients with advanced Child B cirrhosis
with HCC could compromise liver function, and a strategy
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of sequential embolization over two sittings may be more
appropriate. However, a randomized control trial (RCT) or a
large retrospective study would be required to establish an
association with post-TACE liver dysfunction and simultane-
ous RIPA/hepatic artery embolization.
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