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Abstract 
 
Purpose: The purpose of this study was to estimate the effective dose that is 

currently used in CT colonography using scan parameters that were collected for this 

purpose, and to investigate trends in time.  

 

Methods: PubMed was systematically searched from 1996 until January 2004 for 

studies investigating CT colonography. Research institutions were contacted and 

asked for their current scan protocol.  

 

Results: Thirty-six institutions published 74 studies. Twenty-eight of the 36 

institutions provided their current protocol. The median effective dose in 2004 was 

5.1 mSv (range 1.2–11.7 mSv) per position. Most institutions (93%) scan in both the 

supine and prone positions. The median mAs value was 67 mAs (range 20–200), 

median collimation was 2.5 mm (range 0.75–5). From 1996 until 2004 a significant 

decrease in mAs and collimation (P=0.006, P<0.0001, respectively) was observed, 

while institutions that used a multislice scanner increased (P<0.0001). The effective 

dose remained constant (P=0.76). 

 

Conclusion: In 2004 the median effective dose for a complete CT colonography was 

10.2 mSv. Despite the increasing use of multislice scanners, which are slightly less 

dose efficient, the median effective dose remained approximately constant between 

1996 and 2004. This is mainly caused by the use of lower mAs settings.
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Introduction 
 
At present, computed tomography (CT) colonography is undergoing scrutiny for its 

potential role in colorectal cancer screening [1–7]. An important consideration at this 

stage is the cancer risk associated with the radiation exposure from large-scale 

screening with CT. Risks imposed by diagnostic imaging are generally very low, but 

scanning high numbers of patients, as in a screening setting, will inevitably increase 

the number of radiation-induced cancer deaths related to medical imaging. 

Worldwide, about 14% of the total radiation burden is caused by diagnostic 

procedures with ionizing radiation [8, 9]. The International Commission on 

Radiological Protection (ICRP) estimated in 1999 that CT examinations in the UK are 

probably responsible for 40% of the collective dose due to diagnostic radiation [10]. 

A study, performed in an American hospital in 2000, reported that CT examinations 

account for almost 70% of the total effective dose, although these examinations 

make up only about 10% of all diagnostic radiological procedures [11]. 

The increasing use of multidetector-row scanners speeds up the examination time 

considerably and produces thinner slices so that eventually images are obtained with 

nearly isotropic resolution, but these scanners are slightly less efficient with the use 

of ionizing radiation compared with single-slice scanners. The efficiency is reduced in 

multislice scanners, in particular in four–slice scanners, due to the penumbra effect. 

Typical increases of 10–30% in effective dose have been reported for four-slice 

scanners [12]. For scanners with more detector arrays this effect is of less 

importance [13]. Another source of dose inefficiency is the fact that in spiral CT an 

additional layer of tissue is irradiated adjacent to the volume to be depicted, because 

the reconstruction of the first and last slices requires data beyond the boundaries of 

this volume [14]. This effect of z overscanning is most pronounced for CT scanners 

with a large beam collimation, as is the case for instance in 64–slice CT scanners. 

Additionally, for thinner slices sometimes higher tube currents are used to keep the 

noise in the image low.   

Because no recent data on the effective doses associated with CT colonography are 

available, the potential risks of its large-scale application in colorectal cancer 

screening cannot be estimated. In order to assess the risks associated with CT 

colonography, we determined the effective dose of current scan protocols at 

institutions that published studies on the accuracy of this examination. In addition, 

we examined trends over time for the effective dose and various scan parameters.  
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Materials and Methods 
 
Literature 

We used the internet database PubMed to systematically search the medical 

literature in all languages from 1 January 1996 until 1 January 2004. Eligible were 

papers designed to investigate the accuracy of CT colonography in humans. The 

following search terms were used: ‘virtual colonoscopy’, ‘colonography’, ‘colography’ 

and ‘pneumocolon’. One report for each research institution was included. If an 

institution had published more than one study, the study with the highest number of 

patients was included. The main reason to use one paper per institution was that the 

scan protocol and ensuing effective dose of every institution would have the same 

weight in this analysis.  

Some studies reported different scanners or scan protocols. In such cases we 

included the scanner or protocol with which most patients were scanned, as most 

likely this represented the preferred scanner or protocol at that institution. If this was 

unclear, the one with the lowest estimated effective dose was included. When a 

different scan protocol was used in the supine and prone positions, we calculated the 

mean effective dose of both protocols to estimate the effective dose for a single 

position. In case of uncertainties in the reported scan protocols the corresponding 

authors were contacted. 

 

Survey 

Research institutions, identified through the literature search, were contacted and 

asked for their current research and daily practice protocol. Daily practice protocols 

were used in this analysis to represent the current standard; the current research 

protocols are not discussed in this communication. A questionnaire was sent by e-

mail or fax with a request to fill out the relevant scan parameters of their current 

scan protocol to enable us to estimate the current effective dose. Institutions were 

reminded once in case of non-response. Some centres indicated that they use higher 

milliampere values for obese patients or lower for thin patients. In case more scan 

protocols were reported, we used the protocols for average-sized patients to 

determine the effective dose. If different scanners were reported, the most modern 

scanner was included because in our opinion this corresponds best with the current 

scan protocol. Uncertainties in the current daily practice protocols were solved by 

contacting the institutions. 
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Estimation of effective doses 

The effective dose of a CT examination is a measure of the radiation risk associated 

with the examination. It depends in the first place on the amount of radiation used in 

the examination, which is directly related to the effective mAs level {[tube current 

(mA) × rotation time (s)]/pitch} and the tube voltage (kV) chosen by the user. The 

slice collimation, number of slices and scanner type are also of influence. Estimates 

of effective dose were performed with the ImPACT Patient Dosimetry Calculator 

(version 0.99u) [15]. The effective doses from the scan protocols reported in the 

literature and from the obtained current scan protocols were estimated with this 

calculator. Other dose calculators are available as well; the advantage of the 

program, used in this study, is that it was applicable for all scanner types of our 

survey. The authors of the reports and questionnaires included in this study were 

informed on the effective dose that we estimated. 

 

Statistical Analysis 

Both for the effective dose and the various scan parameters, medians, minimum, and 

maximum values were determined. A subgroup analysis according to the number of 

simultaneously acquired slices was performed. Trends over time were analysed for 

scan parameters (effective mAs, collimation) and effective dose by linear regression 

analysis using calendar year (publication year) as the explanatory variable. Another 

factor that influences the amount of radiation is tube voltage, which was nearly 

always 120 kV in the present study, and was not taken into account in this study any 

further. The trend in the use of multislice scanners was analysed with the chi–

squared test statistic for trend.  

The estimated effective doses were reported to the originating institutions. The 

corresponding authors were asked to check the scan parameters that were used for 

estimation of the effective dose in February 2004. In the trend analysis, therefore, 

2004 represents the current scan protocols. Additionally, we performed a similar 

trend analysis based on paired data from the subset of institutions for which we had 

both historical and current data. 

 

Results 
 
Literature 

We identified 36 institutions that published a total of 74 studies between 01-01-1996 

and 01-01-2004 on the diagnostic value of CT colonography. Because only one study 
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per institution was used in this survey, 36 papers were included. Thirty–three of 

these 36 (92%) papers provided sufficient data to estimate the effective dose and 

were therefore used in this analysis. 

 

Questionnaires 

A total of 28 out of 36 (78%) institutions responded to our questionnaire and 

provided us with their current daily practice protocol for CT colonography. After we 

calculated the effective dose and final verification of the scan parameters by the 

participating institutions had taken place, the data of these institutions were included 

in this study.  

 

 

Current scan protocols and effective doses  

Table 1 lists the median effective dose, collimation per slice and effective mAs values 

according to scanner technique as used in the current daily practice protocols. In 

2004 the median dose that was used to scan patients in one position for CT 

colonography was 5.1 mSv (range 1.2 – 11.7 mSv). Most institutions (26; 93%) scan 

patients in the supine and prone positions. The median mAs value was 66.8 mAs 

(range 20–200). The median collimation per slice was 2.5 mm (range 0.75–5). Six 

institutions (11%) used routinely intravenous contrast. In these six institutions the 

median tube current was 72.5 mAs (range 20–100), collimation 1.87 mm (range 

1.25–2.5) and median dose 5.5 mSv (range 1.2–8.0). Table 2 displays the various 

daily practice protocols per research institution. 

Table 1. Effective doses  for CT colonography and scan parameters in present daily 
 practice protocols (2004) 

Number of simultaneously acquired slices 
 All 1 4 8 16 

Number of institutions 28 1 18 4 5 

Effective dose (mSv) 5.1  
(1.2- 11.7) 2.6 5.1  

(1.2-11.7) 
6.7  
(2.7-9.9) 

3.3  
(2.6-5.8) 

Effective tube charge (mAs)   66.8  
(20-200) 70 65.3 

(20-200) 
83.6  
(40-114) 

55  
(34-100) 

Collimation per slice (mm) 2.5 
(0.75-5.0) 5 2.5 

(1.0- 3.0) 
1.9  
(1.25-2.5) 

1.1  
(0.75-2.5) 

Data are expressed as medians with the range in brackets. 
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Tabel 2.  Daily practice scan protocols for CT colonography for the different institutions 
 that participated in this survey. Dated February 2004 

Institution Scanner Manufacturer 
Beam 

collimat. 
Eff 

mAs kV Pitch 

Rot. 
time 
(s) 

Eff. 
dose 

(mSv) 

Aarhus Marconi Mx8000 4 x 2.5 70 120 1.25 0.5 4.2 

Amsterdam Philips Mx8000 4 x 2.5 40 120 1.25 0.75 2.3 

Aviano GE Lightspeed Plus 4 x 2.5 32 120 1.5 0.6 2.4 

Boston Philips Mx8000 4 x 2.5 100 140 1.25 1 8.5 

Bradford GE LightSpeed Ultra 8 x 1.25 71 120 1.35 0.8 6.1 

Chicago GE Lightspeed 4 x 2.5 43 120 1.5 0.5 3.3 

Como GE LightSpeed Ultra 8 x 1.25 114 120 0.44 0.5 9.9 

Dublin Siemens VolumeZoom 4 x 2.5 90 120 1.5 0.75 5.0 

Düsseldorf** Siemens VolumeZoom 4 x 2.5 100 120 2 0.5 5.6 

Harvard GEQxi 4 x 1.25 67 120 1.5 0.8 6.4 

Indianapolis Marconi MX8000 4 x 2.5 200 120 1 0.5 11.7 

Lausanne GE Lightspeed 16 16 x 2.5 34 120 1.75 0.5 2.6 

Leuven Siemens Sensation 16 16x 0.75 55 120 0.91 0.5 3.3 

London* GE LightSpeed Plus S 4 x 2.5 107 120 1.5 0.8 8.2 

  P 4 x 2.5 27 120 1.5 0.8 2.0 

St. Louis* 
Siemens Sensation 
16 S 16x 0.75 150 120 1.5  8.9 

  P 16 x 1.5 50 120   2.7 

Rochester GE Lightspeed Ultra 8 x 2.5 96 120 0.68 0.5 7.2 

Munchen** Siemens Sensation 4 4 x 2.5 20 120 1.5 0.5 1.2 

Munster* 
Siemens Sensation 
16 S 16x 0.75 10 120 1.25 0.5 0.6 

  P 16x 0.75 100 120 1.25 0.5 5.9 

New York Siemens Volume Zoom 4 x 1 35 120  0.5 2.0 

Perth GE Lightspeed Plus 4 x 1.25 60 120 1.5 0.5 5.8 
Pilgrim 
Hospital* Toshiba Asteion S 4 x 3 65 120 1.4 0.75 5.5 

  P 4 x 3 33 120 1.4 0.75 2.8 

Pisa GE Lightspeed Plus 4 x 1.25 83 120 1.5 0.5 8.1 

Roeselare GE Lightspeed 8 x 2.5 40 120 1.4 0.8 2.7 

Rome 
Siemens Somatom Plus 
4 4 x 2.5 165 120  0.5 9.2 

Stanford GE Lightspeed Qxi 4 x 2.5 64 120 1.5 0.8 4.9 

Torino GE CT/i 1 x 5 70 120 2 1 2.6 

Wisconsin GE LightSpeed 16x 1.25 74 120 0.68 0.5 5.5 

Yale GE Lightspeed 4 x 1.25 53 120 1.5 0.8 5.1 

(*) Institutions use a different scan protocol per position (supine (s) and prone (p)). 
(**) Institutions scan patients in only supine position. 
Note: At some institutions different doses are used dependent on patient size. This table displays the scan 
protocols for average patient size. 
Effective doses were estimated by using the ImPACT Patient Dosimetry Calculator (version 0.99u) and 
displayed per position. 
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Trends over time 

Table 3 shows the effective dose, tube current, slice collimation and percentage of 

multislice scanners per year, based on reports in the literature and the questionnaire 

information.   

 

The effective dose remained approximately constant (P= 0.76) between 1998 and 

2004, while both tube current and slice collimation decreased (P=0.006, P<0.0001, 

respectively). The use of multislice scanners increased (P<0.0001) (Fig. 1). From 

1998 until 2004 there was a decline on the average of 9.3 mAs per year (P=0.006). 

The use of multislice scanners sharply rose over the years. In 1998 no multislice 

scanners were used, while 27 (96%) institutions used a multislice scanner (4–, 8– or 

16-slice scanner) in 2004. Consequently, the median slice collimation was reduced 

from 5 mm in 1998 to 2.5 mm in the daily practice protocols of 2004.  

 

The paired analysis of data from the same institution (n=26) showed the same trend, 

but did not reach statistical significance. Statistical analysis of the data reported in 

the literature and the current daily practice protocols obviously demonstrated that 

the effective dose and tube current are significantly correlated (P<0.0001). No 

significant correlation between the effective dose and the number of slices (P=0.74) 

or the slice collimation (P=0.52) was found. Not surprisingly, thinner collimations 

were associated with the number of simultaneously acquired slices (P<0.0001). 

Table 3.  Effective dose, % multislice scanners, effective tube current and collimation 
displayed per year. Median and ranges are provided 

Year N Effective Dose (mSv) 
% 

Multislice 
Scanners 

Effective Tube 
Current (mAs) Collimation (mm) 

1998 1 3.6 mSv 0 % 77 mAs 5.0 mm 

1999 4 6.7 mSv   (2.2-10.6) 17 % 144 mAs   (60-200) 5.0 mm (3.0-5.0) 

2000 6 3.6 mSv   (1.7- 7.8) 20 % 95 mAs   (47-160) 4.5 mm (2.5-5.0) 

2001 5 5.1 mSv   (1.8- 9.6) 40 % 115 mAs   (47-179) 5.0 mm (2.5-5.0) 

2002 10 4.5 mSv   (0.6-11.0) 75 % 85 mAs   (10-200) 3.4 mm (1.0-5.0) 

2003 7 4.1 mSv   (2.0-7.3) 86 % 67 mAs   (27-107) 2.5 mm (1.0-5.0) 

2004 28 5.1 mSv   (1.2-11.7) 96 % 67 mAs   (20-200) 2.5 mm (0.8-5.0) 
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Discussion 

 
In 2004 the median effective dose for a CT colonography was 5.1 mSv per position. 

Despite the increasing use of multislice scanners, the median effective dose remained 

approximately constant between 1996 and 2004. This was mainly caused by the use 

of lower mAs settings. As sensitivity and specificity are known to improve 

significantly when patients are scanned in the supine and prone positions, the 

Figure 1. Trends over time for effective doses, effective tube currents, collimations 
per slice and use of multislice scanners  
(Literature protocols, 1998 – 01-01-2004; current protocols, 2004) 
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Effective dose remained approximately constant between 1998 and 2004 (P = 0.76).  
The effective mAs (P = 0.006) and collimation (P < 0.0001) decreased significantly, whereas the 
use of multislice scanners increased significantly (P < 0.0001). 
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majority of institutions (93%) scan patients twice, and consequently the dose 

doubles to 10.2 mSv. 

Some institutions will have purchased new scanners or adjusted their scan protocol 

during the writing of this paper. Therefore, it should be noted that actual scan 

protocols from institutions may differ from the ones that are listed in this paper at 

the time of publication. The effective dose in this study was estimated with the 

ImPACT Patient Dosimetry Calculator [15]. Estimates of the effective dose obtained 

with dose calculation programs have an accuracy in the order of 20%. Somewhat 

different values could have been obtained using one of the other programs. 

Moreover, the dose in individual patients may differ from the dose reported here, 

which was determined in a mathematical model. 

Our data are the first to provide a complete overview of recent scan techniques as 

employed in institutions that perform CT colonography research. These data are 

important for several reasons. First, they enable the estimation of the risk associated 

with CT colonography. Second, they demonstrate a trend in time, which provides 

insight in developments in the use of modern CT scan technique. Third, they 

demonstrate a considerable variance in technique and radiation dose in the 

institutions participating in this questionnaire.  

The risks of low-dose scanning are not uncontested [16, 17]. Estimates on radiation 

risks are mainly based on data from the exposure of the Japanese population to the 

atomic bombs in 1945 [18]. Strong evidence on the harmful effects of low dose of 

ionizing radiation is not available and some believe that small amounts of radiation 

are not harmful but may be even healthy or beneficial for an individual person, the 

so-called radiation hormesis theory [19–21]. However, there is no evidence 

suggesting a threshold below which radiation exposure does not cause cancer [22, 

23]. Therefore, the International Commission on Radiological Protection (ICRP) states 

that there is no safe amount of radiation. Estimations of the risks to induce a 

radiation-related fatal cancer are based on this so-called linear nonthreshold (LNT) 

model. In concordance with this model, a complete CT colonography examination of 

10.2 mSv applied to a population aged 50, may result in a risk in the order of one 

fatal cancer in 4,000 individuals. However, the development of a radiation-induced 

cancer may become manifest only after a long latent period, possibly tens of years 

[24, 25]. When individuals are to be examined more than once the risk will increase 

proportionally. 
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Our study demonstrated that the increased use of multislice scanners in this period is 

not accompanied by a change in median effective dose. This is noteworthy, since the 

transition from single- to multislice CT has been associated with an increase in 

effective dose [11]. The present finding can be explained by a concomitant decrease 

in tube current (of mAs value), which probably reflects the increasing awareness of 

the feasibility of low-dose scanning for CT colonography. The fact that tube currents 

are decreased implicates that radiologists are more tolerant to image noise and 

therefore probably also put less emphasis on extracolonic findings. Even in the six 

institutions that routinely used intravenous contrast in 2004 daily practice only a 

slightly higher median tube current of 72.5 mAs was applied compared with the 

overall 66.8 mAs. Research institutions use a thinner collimation in CT colonography 

with the increasing use of multislice scanners. From 1998 until 2004 the slice 

collimation was reduced from 5 mm to 2.5 mm, a decrease of 50%. This is in line 

with a report by Stuart Taylor and colleagues that detection of polyps (especially 

smaller polyps) is highly dependent on collimation and pitch, and to a lesser extent 

on tube current [26]. 

A striking finding of our study is the vast range of effective doses for CT 

colonography in daily practice in the different institutions. The lowest dose used at 

present is 1.2 mSv and the highest 11.7 mSv per position. A surprising lack of 

consistency in technique and radiation dose seems thus to exist amongst leading 

research institutions around the world. It is unclear whether institutions that scan 

with higher doses perform better in polyp detection. Although the reason for this 

great variability is outside the scope of this paper, it would be interesting to further 

study this phenomenon.  

We want to emphasize that the scan parameters reported in this communication are 

generally used in clinical practice and most likely not for screening purposes.  

Therefore it is not justified to extrapolate the risks reported in this paper to the risks 

of screening programs. Our data demonstrate that in CT colonography rather high 

radiation doses are being used at present. Medical doctors and patients are generally 

poorly aware of the cancer risks involved with the use of ionizing radiation in medical 

imaging [27, 28]. Physicians, and in particular radiologists, should be alert of the 

potential hazards, especially when applied to large numbers of asymptomatic 

subjects in a screening setting. At present, scan manufacturers propagate the use of 

dose reduction and modern CT scanners enable a more efficient use of dose. A fairly 

new development is automatic tube current modulation; that is the automatic 

adjustment of tube current to the attenuation in the patient. In our questionnaire we 
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did not ask for the use of this technique, which has the potential for substantial dose 

reduction [29]. As none of the responders mentioned the use of tube current 

modulation, we think that in the present survey this possibility for dose reduction 

was hardly used, if at all. Finally, we note that there is mounting evidence that CT 

colonography can be performed with effective doses below 1 mSv for a complete 

examination [30–32]. A feasibility study by van Gelder et al. [33] demonstrated that 

the detection rate of polyps for CT colonography performed at very low doses of 

approximately 2% (0.2 mSv) of the medium dose (12 mSv) was not significantly 

impaired. In fact, at present low-dose protocols are being investigated in clinical 

patients by some research institutions. In 2004 Iannaccone et al. [3] reported 

excellent per polyp detection rates of 95% for polyps greater than 8 mm with an 

effective dose of approximately 0.9 mSv. Because a reduction of effective dose 

results in a proportional reduction of risk, the use of such low doses will substantially 

diminish the drawback of exposure to ionizing radiation in CT colonography. 
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