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INTRODUCTION:
ndCarcinoma cervix is the 2  most common (16.5%) cancer in Indian 

women with an annual incidence of 96922 and accounts for 60,078 
1cases of cancer-related deaths annually . External beam radiotherapy 

(+/- concurrent chemotherapy) followed by brachytherapy is the 
standard of care in the management of cervical cancer. EBRT can be 
delivered using four eld box (2D) techniques, 3D conformal 
radiotherapy (3DCRT) or intensity-modulated radiotherapy (IMRT).

The target volume for radiotherapy planning includes the primary 
tumour and draining lymph nodes (common iliac, internal/external 
iliac, obturator and presacral). Historically, treatment planning for 
cervical cancer is based on bony landmarks (Image.1) with the upper 
border of the radiotherapy eld at L4-L5 interspace to include common 
iliac lymph nodes in the treatment elds. 

Due to the paucity of modern infrastructure, 2D planning(skin 
marking/ x-ray based planning) based on bony landmarks is still 
widely pract ised in low and middle-income countr ies . 
Superimposition (Image.2) of the conventional 2D radiotherapy eld 
with the superior border at the level of L4-L5, onto a CT, delineated 
target volume (from the level of aortic bifurcation) shows that the 
common iliac lymph nodes are missed by the treatment eld.

Image 1: Radiotherapy fields for cervix cancer with bony 
landmarks as reference
External beam radiotherapy by 3DCRT or IMRT mandates delineation 
of target volumes on CT (computed tomography) data sets. Contouring 

2guidelines by Bansal et al , recommend delineating the gross tumour, 
uterine cervix, uterine corpus, parametria, the upper third of the 
vagina, uterosacral ligaments as part of the primary CTV. The nodal 
CTV includes the common iliac (from aortic bifurcation), internal and 
external iliac, obturator, and presacral lymph nodes.

                    

Image 2: Superimposition of 2D radiotherapy field on CT target 
volume (Green)

3, 4,5,6,7Review of literature  has shown that aortic bifurcation occurs 
above L4-L5 interspace in the majority of cervix cancer patients and 
2D planning based on bony landmarks will miss the common iliac 
lymph nodes resulting in an increased risk of recurrence. 

The level of bifurcation above L4-L5 ranged from 70.7% to 84.6% 
among these studies. This anatomic variation might have resulted from 
the small number (n<116) of patients enrolled in these studies. We 
intend to assess the level of aortic bifurcation in a larger study 
population.
                
AIM OF STUDY:
To assess the level of aortic bifurcation concerning lumbar vertebra in 
patients with carcinoma cervix and to  discuss the implications for 
radiation therapy planning for target coverage, toxicity, and treatment 
techniques.

MATERIALS AND METHODS:
This retrospective observational study (n=1004) was undertaken after 
obtaining approval from the institutional scientic advisory/ethics 
committee. Patients diagnosed (histological) to have carcinoma cervix 
and who received radiation therapy with curative intent from the years 
2007 to 2020 were included in this study. Vertebral level of aortic 
bifurcation has been measured from the radiation planning CT scan in 

TM TMthe Eclipse (Varian ) or Monaco (Elekta ) treatment planning 
systems. 

The level of bifurcation has been categorised into those occurring at 
interspace and opposite the body of the vertebra. Bifurcation at the 
level of the vertebral body has been further categorised into 
upper/lower (within 1 cm from interspace) and mid (> 1 cm from 
interspace).
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ABSTRACT
OBJECTIVES: To assess the level of aortic bifurcation concerning lumbar vertebra in patients with carcinoma cervix and to discuss the 
implications for radiation therapy planning for target coverage, toxicity, and treatment techniques.  In this retrospective observational METHODS:
study (n=1004), vertebral level of aortic bifurcation in patients diagnosed (histological) to have carcinoma cervix as been measured on radiation 
planning CT scan and categorised into those occurring at interspace and at the level of the vertebral body.  Aortic bifurcation occurred RESULTS:
above L4-5 interspace in 83% of patients. The commonest site of bifurcation was observed opposite the body of the L4 vertebra (68 %) followed by 
L4-L5 interspace (12%) and L3-L4 interspace (9.4%). Of note, one (0.1%) patient had a very high level of bifurcation at the level of L2-L3 
interspace.  In conclusion, L4-L5 as the superior border of the radiation eld increases the risk of nodal failure in the common CONCLUSION:
iliac region. The radiation eld should encompass the aortic bifurcation with a sufcient margin for setup error and beam penumbra. An increase in 
GI toxicity as a result of a higher bifurcation level should be mitigated by the use of conformal techniques.
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RESULTS:
Radiation planning CT scans of 1,004 patients have been analysed as 
part of this study.

Aortic bifurcation occurred above L4-5 interspace in 83% of patients. 
The commonest site of bifurcation was observed opposite the body of 
the L4 vertebra (68 %) followed by L4-L5 interspace (12%) and L3-L4 
interspace (9.4%). Of note, one (0.1%) patient had a very high level of 
bifurcation at the level of L2-L3 interspace. Aortic bifurcation against 
the vertebral levels has been tabulated [Table 1] and graphically 
represented [Fig.1]

Table 1: Level Of Aortic Bifurcation

Figure 1: Graphical representation - Level of aortic bifurcation

DISCUSSION:
To our knowledge, this is the largest study (n=1004) ever done to 
assess the level of aortic bifurcation. The aortic bifurcation level being 
above L4-L5 interspace (83%) is in close agreement with the ndings 

6 7of Kaushal S et al  (81.3%) and Ponni et al  (84.6%). L4 vertebral body 
is the most common site (68%) of bifurcation is similar to the ndings 

4 5of Bhavana Rai et al  (64%), Mishra H et al  (57.8%), and Kaushal S et 
6 8 9al  (64.3%). Cadaveric studies by Appaji et al , Deswal et al  and 

10Prakash  et al showed similar results. L3-4 interspace being the 
7commonest (53.84%) site of bifurcation in the study by Ponni et al  

could be due to the small numbers (n=26) included. 

3, 4,5,6,7The ndings from our study reiterate the observation  that the 
upper border of the radiation eld at L4-L5 interspace will miss the 
common iliac nodal station in the majority of patients (~83%) with 
cervix cancer, resulting in a marginal risk of failure. Considering 
additional margin for setup error and beam penumbra, 2d eld borders 
are inadequate even for those patients with a bifurcation at L4-L5 
interspace/upper border of L5. Gulia A et al11 demonstrated that a 
superior eld border at L4-L5 will fail to encompass the planning 

4target volume in 96% of patients (n=50). Bhavana Rai et al  studied (n 
= 116) the patterns of recurrence in cervical cancer patients who 
received radiotherapy with the cranial border of CTV at the L4-L5 
junction. Aortic bifurcation was above the L4-L5 junction in 
82/116(70.7%) patients. Of the 9 recurrences above the eld, 5 were 
between L4-L5 interspace and aortic bifurcation. The other 4 
recurrences were above aortic bifurcation in the para-aortic region. 

12In the EMBRACE study (n=1338) , common iliac nodes at diagnosis 
constituted about 30% (n=697). 27% of the nodal failures (n=152) 
following treatment were in the common iliac region. Inferring from 
the above studies, it is evident that the upper border of the radiation 
eld at the L4-L5 interspace will underdose the common iliac region 
resulting in an increased risk of  nodal failure. However, a superior 
eld border corresponding to the level of bifurcation will result in 

13increased dose  to the small bowel. As the level of aortic bifurcation 
goes higher, it is pertinent to use conformal radiation techniques 

14(3DCRT/IMRT) to reduce small bowel toxicity. Chopra S et al  
demonstrated that image-guided intensity-modulated radiotherapy 
(IG-IMRT) reduces > grade 2 late gastrointestinal toxicity by 50% 
when compared to 3D conformal radiotherapy (3DCRT) in cervix 
cancer patients receiving post-op radiotherapy.

In conclusion, L4-L5 as the superior border of the radiation eld 
increases the risk of nodal failure in the common iliac region. The 
radiation eld should encompass the aortic bifurcation with a 
sufcient margin for setup error and beam penumbra. An increase in GI 
toxicity as a result of a higher bifurcation level should be mitigated by 
the use of conformal techniques. In low-resource settings, where only 
telecobalt machines are available, treating the patients in the full 
bladder and using corner shielding of radiation portals can reduce 
bowel toxicity. While treating on a linear accelerator, the level of aortic 
bifurcation can be used as a criterion to select patients for IMRT, given 
the time and resource intensiveness of this technique.

REFERENCES:
1. Dar, Mukhtar & Sharma, Krishna. (2019). Burden of cancer in India: GLOBOCAN 

2018 Estimates Incidence, Mortality, prevalence and future projections of cancer in 
India". 6. 505-514. 10.1729/Journal.22750.

2.  Bansal A, Patel FD, Rai B, Gulia A, Dhanireddy B, Sharma SC. Literature review with 
PGI guidelines for delineation of clinical target volume for intact carcinoma cervix. J 
Cancer Res Ther. 2013 Oct-Dec;9(4):574-82.

3.  Greer BE, Koh WJ, Figge DC, Russell AH, Cain JM, Tamimi HK. Gynecologic 
radiotherapy elds dened by intraoperative measurements. Gynecol Oncol. 1990; 
38(3):421-24. 

4.   Bhavana Rai, Anshuma Bansal, Firuza Patel, Abhishek Gulia, Rakesh Kapoor, Suresh C. 
Sharma, Pelvic Nodal CTV from L4–L5 or Aortic Bifurcation?—An Audit of the 
Patterns of Regional Failures in Cervical Cancer Patients Treated with Pelvic 
Radiotherapy, Japanese Journal of Clinical Oncology, Volume 44, Issue 10, October 
2014, Pages 941–947.

5.  Mishra H, Hadi R, Sahni K, Mishra R, Ali M. Evaluation of Level of Aortic Bifurcation 
in Patients of Carcinoma Cervix. Ann. Int. Med. Den. Res. 2017; 3(5):RT01-RT03.

6.  Kaushal S, Negi M, Bhardwaj N. Evaluation of aortic bifurcation in cervical cancer 
patients. International Journal of Science & Healthcare Research. 2020; 5(3): 278-280. 

7.  Ponni TR, Avinash HU, Janaki MG, Koushik AS, Somashekar MK. Implication of 
Bifurcation of Abdominal Aorta for Radiotherapy Planning for Cervical Cancers. J Clin 
Diagn Res. 2015;9:XC01-XC03. 

8.  Appaji A, Kulkarni R, Pai S. Level of bifurcation of aorta and iliocaval conuence and its 
clinical relevance. IOSR J Dent Med Sci. 2014; 13:56e60.

9.  Deswal A, Tamang BK, Bala A. Study of aortic- common iliac bifurcation and its clinical 
signicance. J Clin Diagn Res. 2014; 8(7): AC06–AC08.

10.  Prakash, Varsha Mokhasi, T. Rajini, M. Shashirekha. The abdominal aorta and its 
branches: Anatomical variations and clinical implications. Folia morphol, (2011); 
70(4):282-286.

11. G ulia A, Patel F, Rai B, Bansal A, Sharma SC. Conventional four eld radiotherapy 
versus computed tomography-based treatment planning in cancer cervix: A dosimetric 
study.  South Asian J Cancer. 2013 Jul;2(3):132-5.

12.  Nomden CN, Potter R, de Leeuw AAC, Tanderup K, Lindegaard JC, Schmid MP, et al. 
Nodal failure after chemo-radiation and MRI guided brachytherapy in cervical cancer: 
Patterns of failure in the EMBRACE study cohort. Radiother Oncol. 2019;134:185-90

13.  Oike T, Ohno T, Wakatsuki M, Noda SE, Saitoh J, Mizukami T, Yoshimoto Y, Okonogi 
N, Katoh H, Shibuya K, Suzuki Y, Ishikawa H, Ebara T, Takahashi T, Nakano T. The 
benet of small bowel and pelvic bone sparing in excluding common iliac lymph node 
region from conventional radiation elds in patients with uterine cervical cancer: a 
dosimetric study. J Radiat Res. 2010;51(6):715-21.

14.  Chopra S, Gupta S, Kannan S, Dora T, Engineer R, Mangaj A, Maheshwari A, Shylasree 
TS, Ghosh J, Paul SN, Phurailatpam R, Charnalia M, Alone M, Swamidas J, 
Mahantshetty U, Deodhar K, Kerkar R, Shrivastava SK. Late Toxicity After Adjuvant 
Conventional Radiation Versus Image-Guided Intensity-Modulated Radiotherapy for 
Cervical Cancer (PARCER): A Randomized Controlled Trial. J Clin Oncol. 2021 Nov 
20;39(33):3682-3692.

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

VERTEBRAL  LEVEL N (%)
BODY OF L3(LOWER) 50(5%)
BODY OF L3(MID) 5(0.5%)
BODY OF L4(LOWER) 256(25.4%)
BODY OF L4(MID) 218(21.7%)
BODY OF L4(UPPER) 210(21%)
BODY OF L5(LOWER) 5(0.5%)
BODY OF L5(MID) 4(0.4%)
BODY OF L5(UPPER) 39(3.8%)
L2-L3 INTERSPACE 1(0.1%)
L3-L4 INTERSPACE 95(9.4%)
L4-L5 INTERSPACE 121(12%)


