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Editorial
‘Target delineation in radiation oncology is the most important 

step of treatment [1]. Usually, contrast CT scan is done to delineate 
the target. Target volume may be different at different phases of 
scan after contrast. The differential volume in different phases 
after contrast infusion (Arterial, Veinous, Portal phase) may be 
responsible for either increase or decrease or even miss a part of the 
tumour which may have impact on clinical outcome. After contrast 
infusion, there is a time lag for the appropriate contrast material to 
reach the tumour tissue before it is washed out through the veins 
[2]. Appropriate timing of the scan is critical for optimal image 
quality, enhancement of the lesion and appropriate delineation of 
the target [3]. In ‘standard’ contrast CT scan, there is a ‘fixed’ time 
interval between the infusion and imaging scan. However, the ‘time 
lag’ or the time required to reach the tumour or target depends 
upon various patient related factors, such as 

a.	 Blood Pressure, 

b.	 Heart rate, 

c.	 Status of cardiac contractility (ejection fraction), 

d.	 Patient position and 

e.	 Height of the patient. 

There is a need to individualize the ‘lag time’ between the 
infusion of contrast and scan. ‘Bolus tracking’ is a contrast CT scan  

 
method which is individualized to improve the image quality and 
hence delineation of the target [4]. In the present study, ‘bolus 
tracking’ was evaluated for primary liver tumours. In primary  
liver tumour, appropriate contrast imaging is critical to delineate 
the target. Contrast enhancing lesion volume in arterial, venous 
and portal phase may differ with timing of imaging after contrast 
infusion, and the target volume will be different or even miss the 
actual target in inappropriately timed scan. ‘Bolus tracking’ may 
help for appropriate phase imaging and proper delineation of the 
target. Breathing pattern and imaging in realtion to breathing cycle 
(eg- end of expiration) may also influence target volume. The bolus 
tracking method and standard CT simulation method work-flow is 
mentioned in Figure 1.  

Standard technique: During CT simulation for SBRT for primary 
liver tumour (Hepatocellular carcinoma), usually a contrast CT scan 
is taken for target volume delineation. An 80 mL of contrast is given 
using 20 G cannula with a flow rate of 2.5 to 3mL per second. The 
scans are taken after fixed arbitrary time delays, arterial phase 
is taken 2 seconds, portal phase 12 seconds and venous phase 
15 seconds delay time after contrast injection. Images taken in 
different phases are used for target delineation.  Bolus tracking 
during multiphase contrast CT scan is often used in diagnostic 
radiology, mostly for liver tumours to enhance the visibility of 
tumours. However, in planning CT simulation, bolus tracking 
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method is not usually applied. In high dose per fraction short course 
treatment (stereotactic radiosurgery) for primary liver tumours 
we considered triphasic CT simulation using ‘bolus’ tracking for 
appropriate delineation of target volume. Bolus tracking technique: 
CT scans were acquired using 4D CT simulator GE OPTIMA 580WRT 
with 16 slice large bore size of 80 cm and flat couch [5]. 

Figure 1: Schematic presentation of conventional CT 
simulation & simulation with ‘bolus tracking’ in primary 
liver tumours.

Initially 80 mL of contrast is injected using 18 G cannula at a flow 
rate of 4 mL per second. The slice thickness used is 1.25 mm. ‘Bolus’ 
tracker or Smart Prep RX is placed at descending aorta (Figure 2). 
Bolus tracking software trigerred scans of liver were taken at 5 
seconds, 15 seconds and 30 seconds following aortic enhancement 
corresponding to aortic, portal and venous enhancement phases 
of liver (Figure 3). These scans were initiated at the end of exhale. 
Arterial phase was initiated (triggered) when the contrast reaches 
the bolus tracker. Triggering of arterial phase was done by bolus 
tracker and predifined Houndsfield unit. Veinous phase and portal 
phase was initiated at 15 sec and 30 sec after triggering of the scan. 
Bolus tracking mainly help in appropriate time (when the contrast 
reaches the bolus tracking region, defined by Hounds field unit 
change) for triggering the scan. Bolus tracking was well tolerated 
by our patients. The tumor enhancement and portal vein thrombus 
was appropriately visualized with bolus tracking. 

Figure 2: Pictorial presentation of standard simulation and 
bolus tracking simulation method.

Figure 3: Comparison of target visualization with and 
without bolus tracking.
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Target volume was better defined in arterial and portal phases 
after bolus tracking when compared to non-bolus tracked conven-
tional contrast CT simulation scans (Figure 3). Imaging of liver is 
always facinating. Even in early CT scan era there was a concept of 
using contrast in phased manner to improve the contrast between 
liver parenchyma and tumour tissue [6,7]. Different dynamic scans 
use differential time gap between contrast infusion and scanning. 
Apart from the differential time gap, contrast flow rate and amount 
of contrast influence the image quality. Radiological diagnosis of 
the lesions were done mostly by the enhancement pattern in differ-
ent phases and the architecture of the lesion. ‘Multiphasic’ CT scan 
for diagnosis of liver tumours are in use for last few decades. Mul-
tiphasic CT scan utilise the differential time gap between contrast 
infusion and image acquisition in arterial, venous or portal phase. 
Hepatic lesions are better visible in specific sequences, such as liver 
metastasis in arterial phase, primary liver tumour in venous phase 
and portal vein thrmobosis in portal phase. Liver parenchyma also 
uptake contrast. Differential contrast uptake between normal liver 
parenchyma and tumour defines the target volume. 

Appropriately timed image acquisition after contrast infusion 
helps in defining the tumour appropriately. Bolus tracking helps in 
triggering of image acquisition at appropirate time and hence helps 
in appropriate deliniation of target. Bolus tracking nullifies the 
patient related factors (ejection fraction, heart rate, blood pressure 
etc) influencing the flow rate of blood and contrast. Bolus tracking 
need 4D CT scan with ‘Bolus tracker’ or ‘Smart PreRX’ software to 
track the bolus, trigger the scan when the bolus (contrast) reaches 
the descending aorta and is not routinely used for radiation therapy 
planning in liver tumours.  In radiation oncology, contouring 
done in contrast CT scan. Imaging at different phase in different 
tumours will provide appropriate anatomical information. ‘Bolus 
tracking’ with appropriate imaging will provide us appropriate 
phase information and contouring of the target. Bolus tracking 
have shown significant concordance in appropriate tumour volume 
delineation in pancreatic tumour [8]. In stereotactic radiosurgery, 
appropriate delineation of target is critical as there is no clinical 
target volume (CTV) and set up margins (PTV) are minimal [1]. 

Bolus tracking will improve the accuracy of tumour volume 
delineation and may reduce geographical miss as well as marginal 
recurrences. In summary, radiation oncologists consistently 
preferred arterial phase for better target volume delineation 
and portal venous phase for delineation of tumor thrombus 
in portal vein. ‘Bolus tracking’ method of contrast CT scan for 
tumour delineation provides appropriate target definition. In our 
experience with thirty-six primary liver tumours treated with ‘bolus 
tracking’ method during CT simulation have given appropriate 
deliniation of target. Our first two patients where target volume 
was compared with non-bolus and bolus tracking methods as well, 
there was a definitive better visualization of target volume with 
bolus tracking. Hence, in our institute bolus tracking is considered 
for all primary liver tumours. From our institutional experience we 
recommend bolus tracking with arterial phase for hepato cellular 
tumor delineation and portal venous phase for portal vein tumor 
thrombus delineation.
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