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ABSTRACT

BACKGROUND

The inferior phrenic arteries are a pair of important vessels, supplying multiple organs including the diaphragm, adrenal glands,
oesophagus, stomach, liver, inferior vena cava, and the retro peritoneum. Knowledge of the vessel of origin of inferior phrenic
artery is clinically important because, this artery is the most common extrahepatic source of blood supply to hepatocellular
carcinomas in the bare area of liver and it is embolized as a treatment for the same. An aberrant inferior phrenic artery can also be
a source of haemoptysis or an unidentified intra-abdominal bleed following trauma or surgery. We wanted to identify the
variations in origins of right and left inferior phrenic arteries.

METHODS
The study was conducted on 60 adult post-mortem specimen and 20 formalin fixed adult cadavers to identify the origin of right
and left inferior phrenic arteries.

RESULTS

The typical aortic origin of right inferior phrenic artery was found in 43 cases (53.75%) while that of left inferior phrenic artery
was found in 54 cases (67.5%). The celiac trunk gave off inferior phrenic artery in 52 cases. In 4 cases, they originated as branches
of renal artery, more on the right side. A common trunk that divides into right and left inferior phrenic arteries was found in 2
cases. The vessel of origin was found to be hepatic artery in 2 cases. In a unique case, the right inferior phrenic artery was arising
together with other lateral branches of abdominal aorta as a common trunk.

CONCLUSIONS
Variation in the origin of inferior phrenic artery (Non-aortic origin) is 39.38%, more on the right. There is no significant sex
difference. The embryological basis for variations is discussed and a review of available literature is made.
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BACKGROUND

Inferior phrenic arteries are important blood vessels that
supply the under surface of diaphragm, the supra renal
glands, the bare area of liver and the retro peritoneum. It also
supplies inferior vena cava, oesophagus and parts of
stomach!. According to typical textbook description, right and
left inferior phrenic arteries are the first lateral branches of
abdominal aorta, given off at the level of celiac trunk, as soon
as the aorta enters the abdomenz. A lot of variations are seen
in the origin of these vessels. The knowledge of variations is
important to identify the origin of inferior phrenic artery
during embolization of feeding vessels of a hepatocellular
carcinoma3# or when the inferior phrenic artery bleeds into
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the peritoneum following trauma or when an unusual inferior
phrenic artery is the cause of a haemoptysis56. Also, bleeding
due to problems like Mallory Weiss syndrome or gastro
oesophageal cancer may be related to inferior phrenic artery.

METHODS

The study was done on 20 cadavers dissected at the
Department of Anatomy and 60 autopsy specimens obtained
from the Department of Forensic Medicine, Government
Medical College, Thrissur.

Of the 80 adult human cadavers studied, 14 had multiple
renal arteries. The association between presence of
variations in inferior phrenic artery and presence of multiple
renal arteries was found to be statistically insignificant (p
value by chi-square test =0.17).

Inclusion Criteria

1. Cadavers used for routine dissection during the study
period in the Department of Anatomy.

2. Autopsy cases, with intact abdominal wall and age above
18 years, done in Department of Forensic Medicine.
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Right Inferior Phrenic Gender Total
Artery Male Female
From aorta 34 (54.0%) 9 (52.9%) 43 (53.8%)
From celiac trunk 24 (38.1%) 5 (29.4%) 29 (36.2%)
From renal artery 2 (3.2%) 1 (5.9%) 3 (3.8%)
From hepatic artery 1 (1.6%) 1 (5.9%) 2 (2.5%)
As a common trunk with o o o
other lateral branches 1 (1.6%) 0 (0.0%) 1 (1.2%)
Right and left arise as a
A 1 (1.6%) 1 (5.9%) 2 (2.5%)
Total 63 (100.0%) | 17 (100.0%) |80 (100.0%)

Table 1. Variable Origins of Right Inferior Phrenic Artery

Origin of Left Inferior Gender Total
Phrenic Artery Male Female
From aorta 44 (69.8%) 10 (58.8%) 54 (67.5%)
From celiac trunk 24 (38.1%) 6 (35.3%) 23 (28.8%)
From renal artery 1 (1.6%) 0(0.0%) 1(1.2%)
R‘glc“g;r;‘f;ﬁf;‘:rr‘ie a3 1 (1.6%) 1(5.9%) 2 (2.5%)
Total 63 (100.0%) | 17 (100.0%) | 80 (100.0%)

Table 2. Variable Origins of Left Inferior Phrenic Artery

ClassA | Class B | ClassC |Class D| ClassE
Pulakunta et al” 6.25% 87.5% 3.13% 3.13%
Kahn et al® 52% 46% 9% , : !
Piao et al® 28.2% 61.6% 4.3% 2.9% 2 )
Gokan et al* 46.2% 38.5% 15.4% ’ ril‘ )
Basile et all® 41% 49% 5.5% 0.5% L | i 4 % i
Akhilandeswari 28% 530 16% Figure 2. Specimen Showing Origin of Left Inferior Phrenic Artery
etallt from Celiac Trunk and Right Inferior Phrenic Artery from the
Right: | Right: Right: | Right: | Right: Renal Artery. IPA- Inferior Phrenic Artery
Loukas et al® 40% 38% 17% 3% 2%
Left: 47%|Left: 45%| Left: 5% |Left: 2% Left: 1%
Right: Right: Right: Right:
Present study 36% 54% 3.8% 0 3%
Left: 29% |Left: 68%| Left: 1.2% Left: 0
Table 3. Classes of Inferior Phrenic Arteries Obtained in Various
Studies

Figure 3. Right and Left Inferior Phrenic Arteries Arising as a
Common Trunk from Abdominal Aorta. RIPA- Right Inferior
Phrenic Artery, LIPA- Left Inferior Phrenic Artery, CT- Celiac

Trunk, RA- Renal Artery

Exclusion Criteria
e  Cases which had underwent abdominal surgeries.

e  Tumours or mass in the abdomen.
e  (Cases of abdominal trauma.

e  (Cases of death by burns.

e Decomposed bodies.

Abdominal aorta

In the Cadavers
After opening the abdominal cavity, abdominal aorta and its

branches were explored by mobilizing abdominal organs.
Inferior phrenic arteries were identified on the under surface
of diaphragm and were traced to their origins (Figure 1). The
number of renal arteries on each side was also noted.

Figure 1. Right and Left Inferior Phrenic Arteries Arising
from Celiac Trunk

J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 8/ Issue 24/ Junel7,2019 Page 1958



Jemds.com

In the Autopsy Specimen

On the visceral specimen taken out during autopsy,
abdominal aorta was opened longitudinally from the
posterior aspect to look for the openings of right and left
inferior phrenic arteries from aorta. If any one or both
openings are not seen, the corresponding inferior phrenic
artery was traced from the under surface of diaphragm
towards its origin and the artery of origin of each inferior
phrenic artery was noted (figure 2). Sex of the deceased was
also noted.

The number of renal arteries on each side was also noted.

Statistical Analysis

The collected data was entered in Microsoft Excel worksheet
and analysed using SPSS version 16 software. Demographic
data was analysed using frequency and percentage. Chi
square test and Fischer’s exact test were used to find the
statistical significance.

RESULTS

Of the 160 inferior phrenic arteries studied, an atypical origin
was found in 63 (39.38%).Non aortic origins are found to be
more on the right side. Various vessels of origin of inferior
phrenic arteries as well as a comparison of variable origins in
both sexes is made in table 1 and table 2. Analysis of these
results showed that difference between sexes in relation to
origin of these arteries was not significant statistically (p
value calculated by Fishers exact test=0.4).

DISCUSSION
The Grays Anatomy explains the origins of inferior phrenic
arteries from both celiac trunk and aorta, as well as describes
the common trunk origins. It also mentions alternative
origins including renal, accessory renal, left gastric, hepatic
and gonadal arteries. Inferior phrenic artery, if a branch of
aorta, originated as the first lateral branch, arising at the level
of aortic orifice of the diaphragm (T12). In the present study,
of the 160 inferior phrenic arteries studied, an aortic origin
was seen in 60.6% cases. The second most common origin of
inferior phrenic artery was found to be from the celiac trunk
(32.5%). A lot of studies have been done on inferior phrenic
artery because it is found to be the most common extra
hepatic blood supply of carcinomas in the bare area of liver as
observed by various researchers like Gwon et al, Loukas et
aland Yahel et al.126.13

The variations in origin of inferior phrenic artery range
from 38% to 62% in various study populations. This should
be kept in mind during any interventional procedures done in
upper abdomen.

Loukas et alé Categorized the Origin of Inferior Phrenic
Arteries into Five Classes-

Class A- from celiac trunk.

Class B- from abdominal aorta.

Class C- from renal artery.

Class D- from right gastric artery.

Class E- from hepatic artery.

vk W

Using this classification, results obtained by various
researchers are compared in table 3. From this, it can be
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observed that Kahn et al, Gokan et al and Loukas et al found
Celiac trunk to be the most common vessel of origin while in
studies done by Pulakunta et al, Piao et al, Basile et al,
Akhilandeswari et al and in our study, abdominal aorta is the
most common vessel of origin of the inferior phrenic artery.
We did not find any inferior phrenic artery coming under
class D (gastric artery).

Of the three studies done on South Indian population, the

present study and study done by Akhilandeswari et al shows
origin of inferior phrenic arteries from aorta slightly more in
frequency than their origin from celiac trunk, while study by
Pulakunta et al showed a wide difference in frequencies of
origin from aorta and celiac trunk. Renal artery was the third
common artery of origin for inferior phrenic arteries in all
study populations. Gastric and hepatic origins were rarely
observed.
Apart from the vessels of origins listed above, Piao et al
(1998) found that these arteries are also arising from middle
suprarenal artery in 2.9% cases (4 out of 138 arteries
studied), Akhiladeswari et al found that of the 32 cadavers
studied, inferior phrenic artery was arising from superior
mesenteric artery in a single case and in our study, we found
a common trunk from right side of aorta giving off inferior
phrenic artery along with two supra renal arteries and
gonadal artery, for which we could not find any previous
records. These are the three rarest origins described so far.

Embryological Basis
A possible explanation for the presence of these variable
origins and common trunks of inferior phrenic artery can be
made by reviewing the development of the dorsal aorta and
its branches.
Dorsal aorta gives three sets of branches-
1. Ventral splanchnic branches to the gut and its
derivatives.
2. Lateral splanchnic branches to the intermediate
mesoderm and its derivatives.
3. Somatic intersegmental branches to the body wall and
the neural tube.

Of these, the lateral splanchnic branches are the group
that is relevant here. They supply the pronephros,
mesonephros and metanephros. Most of the lateral branches
undergo regression in the later part of development. The
gonadal artery and three suprarenal arteries persist on each
side. The inferior phrenic artery buds out from the upper
suprarenal artery and the renal artery buds out from the
lower suprarenal artery. Inferior phrenic and renal arteries
establish communication with abdominal aorta. Later on, the
upper and lower suprarenal arteries loss their connection
with aorta and hence appear as branches of the inferior
phrenic and the renal arteries respectively in the fully formed
human being.14 When the branches to pronephros and
mesonephros arise together, a common trunk as we got in the
rare case can result. This also explains the origin of inferior
phrenic artery from other lateral branches like suprarenal
artery, renal artery or gonadal artery. Any aberrant
connection between the lateral and ventral branches of
dorsal aorta can cause some other variations discussed
above. This explains origin of inferior phrenic artery from
ventral branches like celiac trunk or its branches like hepatic
artery and gastric artery.

Page 1959



Jemds.com

Duprat et al analysed the role of inferior phrenic artery
embolization in the treatment of hepatocellular carcinomas.
The right inferior phrenic arteries were found to supply a
major proportion of hepatocellular carcinomas. They
conducted 29 inferior phrenic artery embolizations. Except
for one case of pleural effusion, there were no major
complications. So, the study concludes that, embolization of
inferior phrenic arteries is a safe and effective treatment
modality for treating hepatocellular carcinomas of bare area
of liver. Hence, they stress on the importance of knowing the
origin of inferior phrenic artery.15

Gokan et al studied the extra-hepatic collateral blood
supply of hepatocellular carcinomas using helical CT scans in
121 patients with hepatocellular carcinoma. Among them 16
patients had hepatocellular carcinoma supplied by the right
inferior phrenic artery. This was evident from the increased
diameter of the right inferior phrenic artery when compared
to the left. During their study, they traced the origins of right
inferior phrenic artery.+

In the study done by Gwon et al, 383 interventional
procedures related to the inferior phrenic arteries were done.
They found that inferior phrenic arteries of both sides arose
from the aorta and the celiac trunk with equal frequencies
and from the renal artery with a lesser frequency. They were
also found to arise from various other sites like left gastric
artery, hepatic artery, superior mesenteric artery, spermatic
artery and adrenal arteries.”

In their radiological study, Basile et al observed the
variations in origin of right inferior phrenic artery in view of
being potential supply to hepatocellular carcinomas. They
found that the inferior phrenic arteries of both sides arose in
13 different types of combinations among them.10

All these point to the fact that need for knowledge of
origin and course of inferior phrenic arteries is increasing.
Studies done in this regard would help to perform
chemoembolization of feeding vessels of hepatocellular
carcinoma more precisely.

CONCLUSIONS

We found wide variations in the origin of inferior phrenic
arteries, with abdominal aorta being the most common vessel
of origin (60.62%). The next common origin was observed to
be from celiac trunk (32.5%). The variations in origin of
inferior phrenic arteries were found more on the right side
when compared to the left. We also observed rare vessels of
origin like renal arteries, hepatic artery and a case of common
trunk origin with other lateral branches of aorta. Association
of these variations with multiple renal arteries and gender
were found to be statistically insignificant. The degree of
variations in origin of inferior phrenic arteries among South
Indian population obtained in this study is comparable with
most of the studies done in this regard around the world.
Taking into account the paucity of information in this regard,
we hope this study would aid the clinicians to identify the
origin and course of inferior phrenic arteries during the trans
catheter arterial chemoembolization procedures for treating
hepatic malignancies. It will also help the surgeons during
surgical procedures in the upper abdomen.
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