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Abstract:  
Background and aim: The inferior phrenic arteries (IPA) are  the  first branch of abdominal aorta and  are the 

most  frequent  extrahepatic arterial supply to liver tumours especially hepatocellular carcinoma. As trans 

arterial chemo embolization (TACE) is one of the treatment options for these tumours , the descriptions about 

these arteries, their origin and the course will help interventional radiologist in achieving complete 

embolization of these tumours. The present study was undertaken to analyse the variations of  IPA origin and to 

evaluate their branching pattern  

Materials and Methods: This study was done in 34 consecutive human cadaveric specimens, irrespective of  age  

and  sex , allotted  for  dissection in our institute. 

Results: Out of the 34 consecutive cadavers, both right inferior phrenic artery (RIPA) and left inferior phrenic 

artery (LIPA) have predominant separate origin from abdominal aorta  RIPA - 23/34  (67.6%), LIPA - 19/34 

(55.9%). However, RIPA originated from coeliac trunk in 10/34 (29.4%) and from right renal artery in one of 

them (2.9%). LIPA originated from coeliac trunk in 15/34 (44.1%). None of the cadavers had a common stump 

origin for both arteries.  

Conclusion: Accurate knowledge  about  normal and variant origins of inferior phrenic artery is essential for 

interventional radiologists and surgeons. 
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I. Introduction 
 The inferior phrenic arteries (IPA) constitute a pair of important vessels, supplying multiple organs 

apart from the diaphragm including the adrenal glands, esophagus, stomach, liver, inferior vena cava, and 

retroperitoneum. The IPAs commonly arise from the abdominal aorta just above the celiac trunk or from the 

celiac trunk. They arise either separately or as a common trunk from the same sources. The inferior phrenic 

artery can also arise from the renal, left gastric, superior mesenteric or rarely from hepatic artery
. 

[ 1 ] . 

Hepatocellular carcinoma  ( HCC )and few other vascular tumours of  the liver, especially the large one  near  

the dome of diaphragm (segment VI,VII,VIII, IV and II) can receive additional blood supply from the phrenic 

arteries apart from the dominant hepatic arteries. Trans arterial chemoembolization (TACE) and 

radioembolisation  have emerged as a standard  treatment option for these tumours both for downstaging and as 

palliation. As Inferior phrenic arterial blood supplies  HCC , especially  those  located  near  the dome of the 

diaphragm, [ 2 ] complete knowledge of  their anatomy is vital in achieving complete response.  

 

II. Materials And Methods 
The study was carried out in 34 consecutive human cadaveric specimens allotted for dissection for 

under graduate medical students in our Institute of Anatomy during the period of 2010-2013. The dissection was 

performed according  to  the   text  book  of  Cunningham’s  manual  of  practical  anatomy (16
th

ed,2009) [3]. 

Abdominal  cavity  was  opened  by  cutting and reflecting  the  anterior  abdominal  wall  muscles.  Abdominal 

viscera were mobilized  to  expose  the  origin  of inferior phrenic artery . After resection of tissues adjacent to 

the crura of diaphragm, the origin of the RIPA and LIPA, its course and their branches were documented.  

 

III. Results 
Out of 34 specimens studied, both right inferior phrenic artery (RIPA) and left inferior phrenic artery 

(LIPA) have predominant origin from the abdominal aorta(AA). 67.6% of RIPA have their origin from AA, 

whereas only 55.9% of LIPA have their origin form AA. It is always a separate origin for both arteries rather 

than from a common trunk. Ten of them have both arteries originating separately from abdominal aorta .Two of 

them have both arteries originating seperately from celiac trunk. 

Extra abdominal aorta origin was found in 11 out of 34 RIPA, whereas it was found in 15 out of 34 

LIPA .  Regarding RIPA, 10 (29.4%) had originated from coeliac trunk and remaining one from right renal 
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artery (2.94%).     Regarding LIPA, all the 15 ( 44.11% ) have their origin from the coeliac trunk. The results 

have been tabulated below in Table 1 and 2.  

                                                                          

Table : 1  Common  Source Of Origin 

 

 

 

 

 

 

Table : 2 Variant Source Of Origin 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In 31 out of 34 cadavers the normal branching pattern of inferior phrenic artery was observed. In 

remaining three cadavers, following variations was noted. In one cadaver both  middle  supra renal and  right  

inferior phrenic artery arose as a common  trunk  from right renal artery and the left  inferior phrenic artery 

originated  from coeliac trunk ( Fig-1 ).                          

 

  
Fig  1 

           

[ AA- Abdominal Aorta, CT-Coeliac trunk,RIPA- Right inferior phrenic artery,LIPA- Left inferior 

phrenic artery,RRA- Right renal artery,LRA-Left renal artery,MSA-Middle suprarenal artery] 

In  one cadaver both middle  supra renal and  inferior  phrenic  arteries  arose  as a common trunk  from 

aorta just above the renal artery. On the left side Inferior phrenic  artery arose  from aorta just  above the  left 

renal artery and here accessory renal artery was seen ( Fig-2 ). 

S.No           Source Ripa Lipa 

1 Abdominal Aorta 67.6% 55.9% 

2 Coeliac Trunk 29.4% 44.1% 

3 Right Renal Artery 2.9% - 

4 Total 100% 100% 

 

SOURCE 

Abdominal Aorta Coeliac Trunk Right Renal Artery 

 

Both RIPA&LIPA 

 
10  (29.41%) 

 
2 ( 5.88 % ) 

 
 

                 _ 

 

 

RIPA Alone 

 
6 (17.64%) 

 
4 (11.76%) 

 
       1 ( 2.94%) 

 

LIPA Alone 

 
4  (11.76%) 

  
7 (20.58%)    

 

 
               _ 

          

        TOTAL 

 

20 (58.82%) 

 

13 (38.24%) 

 

              1 
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Fig 2 

         

[ AA- Abdominal Aorta, CT-Coeliac trunk,RIPA- Right inferior phrenic artery,LIPA- Left inferior 

phrenic artery,RRA- Right renal artery,LRA-Left renal artery,MSRA-Middle suprarenal artery,ALRA-

Accessory renal artey] 

In one cadaver on  th e left  side both  medial and lateral branches of  inferior  phrenic  artery arose 

separately – medial branch  from coeliac trunk and  lateral branch from abdominal aorta but right side showed 

no such variation (Fig-3). 

 

  
Fig 3 

[ AA- Abdominal Aorta, CT-Coeliac trunk,RIPA- Right inferior phrenic artery,LIPA- Left inferior phrenic 

artery] 

 

IV. Discussion 

The Inferior phrenic arteries commonly arise from abdominal aorta just above the celiac trunk or from 

the celiac trunk. They arise either separately or as a common trunk from the same sources. The inferior phrenic 

artery can also arise from the renal artery, left gastric, superior mesenteric artery or rarely from hepatic artery. 

After their origin both arteries ascend upwards and laterally anterior to crus of diaphragm near the medial border 

of suprarenal glands, the right passes posterior to IVC and left passes behind esophagus. Near the posterior 

border of the central tendon of the diaphragm, each divides into medial and lateral branches. These branches 

supply the wall of Inferior vena cava , serosal surface of abdominal esophagus. Each inferior phrenic artery has 

two or three small suprarenal branches. The capsule of the liver and spleen may also receive a small supply from 

the arteries 

Various cadaveric studies reported such variations [ 4-7 ] .In Adachi's study of 74 cadavers, the artery 

arose from the abdominal aorta and the  coeliac trunk in 31 and 34 cadavers respectively [ 4 ]. Greig et al 

reported that out of 425 cadavers the  right inferior phrenic artery  arose from the  aorta in 46.1%  and  from 

coeliac trunk in 41.4%.     

Variant origins of  right  inferior phrenic artery were  from  the  right  renal  artery, or  an accessory 

renal artery, the hepatic artery or an accessory hepatic artery, and internal spermatic artery.  

The left inferior phrenic artery  arose  from  the celiac trunk in 52.2% and  from  the  aorta in 44%. 

Variant origin of  left  inferior phrenic artery  were  from left gastric artery, left renal artery and accessory left 

hepatic artery [ 5 ].  

Loukas et al reported out  of  300 cadavers,  the right inferior phrenic artery arose from right renal in 

17%, celiac trunk in 40%, abdominal aorta in 38%, left gastric artery in 3% and hepatic artery proper in 2% . 
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The left  inferior  phrenic  artery arose  from left renal artery in 5% , the celiac trunk in 47% , aorta in 45% , left 

gastric artery in 2% and hepatic artery proper in 1% of specimens [ 6 ]. 

According to Pick and   Anson , celiac artery and aortic sources were found to be the most common 

origin of inferior phrenic artery in 47.8%  and  45.1%  respectively .They reported that in 5.8% inferior phrenic 

artery arose from renal artery, 2.3% from left gastric artery, 0.3% from hepatic arteries [ 7 ]. 

Suman Tiwari et al reported that out of 50 specimens only in 5 specimens coeliac trunk gave origin to 

inferior phrenic artery [ 8 ]. 

Patel et al  studied that ,out of  39 cadavers the inferior phrenic arteries had their origin from coeliac 

trunk in  16  (41%) cadavers . Both RIPA and LIPA arising from the coeliac trunk  were present in 2 (0.5%) 

cadavers. In rest of 23 ( 58.97% ) cadavers RIPA and LIPA takes origin from abdominal aorta  [ 9 ]. 

In our study out of 34 consecutive cadavers both RIPA and LIPA have predominant separate origin 

from abdominal aorta RIPA - 23/34 ( 67.6% )  LIPA - 19/34  ( 55.9 ). However the  RIPA  originated  from  

celiac trunk in 10/34 ( 29.4% ) and  from  right  renal artery in one of  them ( 2.94% ). The  LIPA  originated 

from coeliac trunk in 15/34 (44.1%). Aorta  was  the  source in 58.82% , coeliac trunk in 38.24% and renal 

artery in 2.94%. The current  study  showed  similar findings except  that  the  frequency of  the IPA originating 

from the coeliac trunk was lesser. The results of our study was reviewed with other studies in Table 3. 

 

Table:3-Comparision Of Various Studies Of Origin Of Inferior Phrenic Arteries 
        

Study 

    

Abdominal Aorta 

 

Coeliac Trunk 

Adachi         41.89%         45.94% 

Greig         46.1%         41.4% 

Loukas M         38%         40% 

Pick And Anson         45.1%         47.8% 

Patel         58.7%         41% 

Present Study       58.82%       38.23% 

 

According to branches of IPA in their study,  Miyayama et al. [ 10 ] stated that the medial and lateral  

branches of the LIPA frequently arise from separate origins. Kim etal. [ 11 ] reported a case in a series of 23 

patients in which the medial branch arose from the left gastric artery and the lateral branch arose from the 

coeliac trunk. Ilke Ali Gurses et al [ 12 ] reported in one case (1/26,3.85%)  the medial and lateral branches of 

LIPA originated from the coeliac trunk and the aorta, respectively. We observed same branching pattern of 

LIPA in one case (1/34,2.94%) [ fig 3 ] which coincided with  Ilke Ali Gurses et al. 

Gown et al reported the significant relation of hepatocellular carcinoma and extra hepatic collateral 

supplies from the inferior phrenic artery in his study. Among 383 interventional procedures, 346 hepatocellular 

carcinomas were found in the bare area of liver had extra hepatic collateral supplies from the inferior phrenic 

artery. Among them in 3 cases of hepatocellular carcinoma the right inferior phrenic artery exclusively supplied 

it [ 2 ]. 

Recent advances in treatment of hepatocellular carcinoma involves transcatheter arterial 

chemoembolization which requires the detail anatomical knowledge of extra hepatic collateral supply to  

hepatocellular carcinoma . Complications are to be expected after embolization of the inferiorphrenic arteries, 

due to the introduction of chemical agents into target and non-target arteries. These include: abdominal or 

referred shoulderpain , pleural effusion, basal atelectasis, hiccups and diaphragm weakness [ 13-16 ]. 

Furthermore, gastritis, esophagitis and ulceration might develop if the gastric and esophageal branches of the 

LIPA are affected [ 17 ]. 

According to Felix variations regarding the lateral branches of the abdominal aorta can be explained 

with the ladder theory [ 18 ]. This theory states that the IPAs develop from the cranial group of the lateral 

mesonephric arteries and variations between other lateral branches such as the middle  suprarenal, renal and 

gonadal arteries are possible. 

 

V. Conclusion 

Knowledge of variations of IPA can assist significantly in liver tumor treatment  and any upper 

abdominal radiological interventions. 
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