
2012 2013 2014
Total number of CT scans 19,211 22,263 25,513

Average effective dose 
per CT scan 7.6 mSv 5.8 mSv 5.1 mSv

Routine CT head
Total no. of CT scans 4,416 5,658 5,694

Mean ED (mSv) 3.8 2.9 2.6

Routine CT chest
Total no. of CT scans 2,164 1,995 2,089

Mean ED (mSv) 5.5 3.4 2.0

Routine CT abdomen-pelvis
Total no. of CT scans 1,173 1,224 1,450

Mean ED (mSv) 12 9.6 8.1

Routine CT abdomen-pelvis for urolithiasis
Total no. of CT scans 645 762 742

Mean ED (mSv) 5.4 3.1 2.8
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Fig. 2: Tracking cumulative effective dose. 
Dose page of a patient with complications of 
pancreatitis prior to the installation of dose 
management software. She underwent 14 CT 
examinations within six months and received an 
effective dose of almost 170 mSv. Tracking the 
cumulative radiation dose may have prompted 
the radiologist to advise an alternative imaging 
modality.
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Owing to increased diagnostic accuracy, availability and patient flow there has been a rapid surge 
in the utilisation of CT over the last few decades at the cost of being one of the largest sources of 
medical radiation exposure (1). In Switzerland alone, the number of CT examinations has increased 
by 142% from 1998 to 2008, and in 2008 CT was accountable for 68% of annual medical radiation 
exposure (2). Stochastic effects such as malignancies have recently been attributed to CT in children 
and young adults (3, 4).

The inherent risks associated with ionising radiation are a compelling argument for the radiological 
community to invest in CT dose reduction and uphold the ALARA (as low as reasonably achievable) 
principle. Various strategies for dose reduction have been suggested such as a rigorous review 
of justification using referral guidelines, implementation of novel technologies, use of low-dose 
protocols and practical radiation protection by technicians (e.g. reduction of scan length). Although 
radiology departments spend considerable resources (e.g. time for evaluation and training, financial 
investment in state-of-the-art equipment) to improve patient safety in CT, the measurement of 
quality outcome through meaningful quantitative indicators such as CT dose metrics (e.g. CTDIvol, 
DLP, SSDE) have been widely neglected. A potential reason for this neglect is the very complex and 
time-consuming work required to manually collect doses from each CT performed at an institution. 
With the recent introduction of different dose management software, dose tracking can now be 
done in a comprehensive and fully automated method. The analysis of this valuable data offers 
radiologists, medical physicists and administrators an opportunity to monitor the actual dose 
distributions and helps in planning evidence-based future investments (e.g. continuous quality 
improvement programmes, technical developments).

The Clinic of Radiology and Nuclear Medicine at the University of Basel Hospital has been using 
dose management software (Radimetrics™, Bayer) since September 2013 and applying it for 
systematic and comprehensive CT dose management at institutional and patient examination levels. 

Fig. 1: Radiation dose management team of the University of Basel Hospital discussing and analysing CT doses.

Tab. 1: CT Dose statistics between 2012 and 2014 from the University of Basel Hospital assessed with a dose 
management software. The most drastic effect was seen in the protocol for CT thorax (64 % reduction in total 
dose).

Fig. 3: Benchmarking. Performance evaluation of four of our CT scanners revealed a substantial difference in 
the average dose for routine CT Thorax. In 2013, two scanners used iterative reconstruction technology and in 
2014 three scanners were equipped with the same.

At patient level 
1. Tracking cumulative effective dose

The aim is to limit periodic CT scans in adolescent patients or patients with benign conditions, 
where alternative modalities such as ultrasound or MRI would suffice without affecting patient 
management (Figure 2). We have created a dose alert arbitrarily at a cumulative effective dose of 
100 mSv. If a patient exceeds this dose, the information is passed on to our radiology information 
system (RIS) aiming at a stricter justification next time. 

2. Identifying dose outliers

Early detection of systematic errors like unintentional selection of wrong technical parameters is 
possible. We have set up a threshold value for each CT protocol using CTDIvol and have chosen an 
arbitrary dose threshold level at 5 mGy above the national diagnostic reference levels (DRLs) as no 
current guidelines exist. If an outlier occurs then the dose management team is alerted by email. 

At institutional level 
1. Dose tracking

The dose management software tracks the dose from each CT examination and calculates the 
average dose for different CT protocols based on thousands of CT studies. This gives us an 
overview of CT doses in our institution (Table 1). Dose tracking is performed for our 20 most 
frequently performed CT protocols.

2. Benchmarking 

Using average CT doses, we first compare ourselves to other institutions by using national 
DRLs or scientific publications and then decide if optimisation is necessary. When performing 
benchmarking, it is essential to use average dose values based on a large number of scans 
since a patient’s habitus can significantly influence values for thorax and abdomen with the 
application of automatic tube current modulation. In addition, we evaluate the performance of 
four CT scanners in our institution equipped to a various extent with dose reduction technology. 

The introduction of dose management software has given us the opportunity to have an integrated 
view of our CT doses at patient and institutional levels with the ability to detect dose outliers early. 
In addition, such IT solutions for dose tracking are the basis for establishing a national dose index 
registry.

The goal of standardised CT doses is driving the Swiss Society of Radiology to build up a national CT 
dose registry in the future by using state-of-the-art dose management software for dose tracking.  


