
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2014 Jun; 158(2):265-272.

265

Reduction of effective dose and organ dose to the eye lens in head MDCT 
using iterative image reconstruction and automatic tube current modulation

Pavel Ryska, Tomas Kvasnicka, Jiri Jandura, Ludovit Klzo, Jakub Grepl, Jan Zizka

Aims. To compare the effective and eye lens radiation dose in helical MDCT brain examinations using automatic tube 
current modulation in conjunction with either standard filtered back projection (FBP) technique or iterative reconstruc-
tion in image space (IRIS).
Methods. Of 400 adult brain MDCT examinations, 200 were performed using FBP and 200 using IRIS with the following 
parameters: tube voltage 120 kV, rotation period 1 second, pitch factor 0.55, automatic tube current modulation in 
both transverse and longitudinal planes with reference mAs 300 (FBP) and 200 (IRIS). Doses were calculated from CT 
dose index and dose length product values utilising ImPACT software; the organ dose to the lens was derived from the 
actual tube current-time product value applied to the lens. Image quality was assessed by two independent readers 
blinded to the type of image reconstruction technique.
Results. The average effective scan dose was 1.47±0.26 mSv (FBP) and 0.98±0.15 mSv (IRIS), respectively (33.3% de-
crease). The average organ dose to the eye lens decreased from 40.0±3.3 mGy (FBP) to 26.6±2.0 mGy (IRIS, 33.5% 
decrease). No significant change in diagnostic image quality was noted between IRIS and FBP scans (P=0.17).
Conclusion. Iterative reconstruction of cerebral MDCT examinations enables reduction of both effective and organ 
eye lens dose by one third without signficant loss of image quality.
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INTRODUCTION

Radiation doses resulting from medical exposure 
are steadily increasing in the population. In the United 
States, the medical radiation dose has already reached the 
 average level of natural radiation background1. Although 
computed tomography (CT) accounts for only about 15% 
of radiologic examinations in the United States, it deliv-
ers two thirds of the entire cumulative exposure from all 
radiologic studies1,2. Diagnostic use of computed tomogra-
phy may be responsible for up to 2% of all incident cancer 
cases in the United States nowadays3.

In order to change this unfavourable trend resulting 
from the continuously increasing number of CT proce-
dures performed worldwide, adoption of adequate pre-
cautions aimed at radiation dose reduction is of great 
importance. Among the most promising approaches 
seems to be the technique of iterative reconstruction (IR) 
of CT image. Interestingly, IR was already used on first 
generation CT scanners in the early 1970s. However, it 
was rapidly replaced by filtered back projection (FBP) 
which offered incomparably shorter reconstruction times. 
For the next three decades, IR continued to develop solely 
in the field of nuclear medicine. As emission tomography 
methods (SPECT, PET) deal with much less projection 
data but with increased proportion of noise than CT, im-
age noise supression emerged as the most desirable fea-
ture and long reconstruction times of IR were subsidiary4.

Eventually, recent advancement in computer hardware 
and implementation of multi-core processors led to dra-
matic increase in  computational power  enabling reintro-
duction of IR to computed tomography in the very late 
2000s. Despite still longer yet acceptable reconstruction 
times, IR proved its ability to significantly reduce image 
noise thus enabling radiation exposure reduction by tens 
of percent compared to standard FBP (ref.5,6).

The purpose of the study was to compare image char-
acteristics, effective dose and organ dose to the eye lens 
in cerebral multidetector computed tomography (MDCT) 
using either standard FBP or iterative reconstruction in 
image space (IRIS). As all studies published have dealt 
with fixed tube current head MDCT protocols, this is, to 
our knowledge, the first study which evaluates the poten-
tial benefit of iterative reconstruction protocol combined 
with automatic tube current modulation. A brief review 
of the pertinent literature is  included.

MATERIALS AND METHODS

A total of 400 non-emergency adult brain MDCT ex-
aminations were prospectively included  in the study. Of 
these, 200 were reconstructed using standard FBP and, 
after image reconstruction software upgrade, 200 using 
IRIS. All scans were performed in accordance with local 
protocol on a single source MDCT scanner (Somatom 
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Definition AS+, Siemens Healthcare, Forchheim, 
Germany) with the following parameters: collimation 2 x 
64 x 0.6 mm with z-flying focal spot, tube voltage of 120 
kV, pitch factor of 0.55, rotation time of 1 s and quality 
reference mAs value set to 300 for FBP protocols. In order 
to take advantage of radiation dose saving capabilities of 
the iterative reconstruction technique, the reference mAs 
value for IRIS protocols was, after consulting the vendor 
and according to the available literature at the time of 
implementation, lowered by one third to 200 mAs. Scans 
were acquired in helical mode with no gantry tilt, from 
the level of occipital condyles to the vertex. Image qual-
ity and image noise were evaluated on 5 mm axial slices 
with reconstruction kernel H31s (FBP) and J30s (IRIS). 
Automatic 4D dose modulation adjusting tube current in 
both transverse and longitudinal planes (CareDose4D, 
Siemens) was switched on in all FBP and IRIS acquisi-
tions in order to further decrease the radiation dose.

Effective radiation dose was calculated from CT dose 
index (CTDIvol, mGy) and dose length product (DLP, 
mGy.cm) values utilising ImPACT software (Impact, 
London); the organ dose to the eye lens was derived from 
the actual tube current-time product value applied to the 
lens.

In order to calibrate and validate the organ dose to the 
eye lens calculated by a computer model, ten subjects in 
each category were scanned with a thermoluminiscent 
dosimeter (TLD) placed in front of closed eyelids. The 
personal body dosimeter (TLD-CSOD, Czech Dosimetry 
Service, Prague, Czech Republic) was equipped with alu-
miniumphosphate glass 8.0 x 0.9 mm.

For purposes of quantitative image analysis, image 
noise was measured as standard deviation of attenuation 
values in a 1.5 cm2 circular region of interest placed into 
homogeneously appearing white matter at frontal cen-
trum semiovale (avoiding focal white matter abnormalities 
when possible).

Qualitative visual scan assessment was independently 
performed by two radiologists with 17 and 10 years of 
cross-sectional imaging experience who were blinded 
to the type of CT image reconstruction, using a visual 
analogue scale: 1 = very low noise, optimal diagnostic 
quality; 2 = standard noise, good diagnostic quality; 3 = 
increased noise, diagnostic quality; 4 = high level noise, 
limited diagnostic quality; 5 = unacceptable noise, non-
diagnostic scan.

Descriptive parameters of the study population and 
image reconstruction techniques were statistically com-
pared using t-test or non-parametric tests (Kolmogorov-
Smirnov). Quantitative items are reported as mean ± 
standard deviation for normally distributed variables or 
median with 95% confidence interval (CI) for non-normal-
ly distributed variables, as stated. Qualitative parameters 
were compared using Fisher's exact test for contingency 
tables. Interobserver agreement between subjective image 
quality ratings was calculated by kappa reliability test with 
kappa > 0.75 indicating substantial agreement. Statistical 
analysis was performed using NCSS 2007 programme 
(NCSS, Kaysville, Utah, USA) with p-values < 0.05 con-
sidered as significant.

The institutional ethics committee waived the need for 
individual informed patient consent for this study as all 
examinations were performed as standard of care.

RESULTS

In terms of radiation dose, IRIS based protocols 
showed significant (P<0.001) radiation dose reduction 
when compared to standard FBP protocols. The average 
effective dose was 1.47 ± 0.26 mSv (FBP) and 0.98 ± 0.15 
mSv (IRIS), respectively (33.3% decrease). The average 
organ dose to the eye lens decreased from 40.0 ± 3.3 mGy 
(FBP) to 26.6 ± 2.0 mGy (IRIS, 33.5% decrease). An 
overview of all evaluated radiation exposure parameters 
is summarized in Table 1.

Compared to numeric modelling of the organ dose by 
dedicated software, the results of direct thermoluminis-
cent dosimetry showed lower organ dose values in both 
scan categories. The mean organ dose to the eye lens 
in FBP category was 40.0 mGy (calculated by ImPACT 
software) and 33.9 mGy (measured by TLD, i.e. 15% 
less). Respective results for IRIS category were 26.6 mGy 
(ImPACT) and 23.0 mGy (TLD, i.e. 14% less). 

Quantitative analysis of image noise revealed slightly 
increased noise levels in the IRIS group. The median 
value of image noise was 3.9 for FBP (95% CI 3.9 – 4.0) 
and 4.2 for IRIS (95% CI 4.1 – 4.3), respectively. The dif-
ference was statistically significant (P<0.01).

Analysis of subjective image quality perception showed 
no significant difference (P=0.17) between groups of FBP 
scans (mean quality score = 2.12; median = 2) and IRIS 
scans (mean quality score of 2.17; median = 2). The vast 
majority of scans were rated with score 2 (standard noise, 
good diagnostic quality) in both FBP (88%) and IRIS 
(83%) categories. Of 400 scans, only one scan in FBP 
and one scan in IRIS group were rated with score 4 (high 
level noise, limited diagnostic quality). No scans rated 
with score 5 (unacceptable noise, non-diagnostic scan) 
were noted in either FBP or IRIS category. Kappa reli-
ability test showed substantial interobserver agreement 
with kappa = 0.76. For details see Table 2.

DISCUSSION

It is an unfavourable fact that despite unprecedented 
progress in medical technologies within the last few de-
cades, medical radiation exposure continuously and pro-
gressively rises. Worldwide, there are an estimated 3.1 
billion radiologic procedures, 0.5 billion dental exposures, 
and close to 40 million nuclear medicine procedures per-
formed annually. The global average annual per-capita 
effective dose from medicine is about 0.6 mSv (of the 
total 3.0 mSv received from all natural sources) and has 
approximately doubled in the past 10–15 years1.

Due to high availability of medical imaging and stan-
dards of medical care, the situation in well developed 
countries is – from the point of view of radiation safety 
– paradoxically worse. The average medical radiation ef-
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fective dose to the U.S. population showed an increase 
of 600% in a single generation, reaching the annual per-
capita value of 3.0 mSv in 2006, i.e. exceeding the aver-
age annual exposure from natural background of 2.4 mSv 
(ref.7). From 1995 to 2007, the number of visits to U.S. 
emergency departments that included a CT examination 
increased from 2.7 million to 16.2 million, constituting an 
almost six-fold increase with an exponential growth rate 
of 16% per annum8.

It should be stressed that CT is by far the most signifi-
cant contributor to the collective dose among all medi-
cal diagnostic procedures in developed countries. In the 

United States, CT accounts for one half (1.47 mSv) and 
nuclear medicine for one quarter (0.77 mSv) of the annual 
per capita effective dose received from all medical proce-
dures (3.01 mSv). If the contribution of nuclear medicine 
studies is omitted, CT accounts for two thirds of the per 
capita effective dose from all radiologic procedures, in-
cluding interventional ones (2.24 mSv annually) (ref.1,7). 

Available data from other well developed (Level I) 
countries show that CT (0.87 mSv) accounts for approxi-
mately 44% of the effective dose from all medical proce-
dures (2.00 mSv per person annualy)(ref.9).

Fig. 1. Comparison of normal head MDCT scans reconstructed with FBP in a 35-year-old male (A and B; CTDIvol = 34.03 
mGy) and IRIS in a 46-year-old male (C and D; CTDIvol = 22.73 mGy). The differentiation between gray and white matter, sharp-
ness of contours, and image noise are comparable. The image texture of IRIS scans (C and D) is slightly different, also known as 
“blotchy” appearance, however, the diagnostic value is fully comparable. The image quality was rated with score 2 in both cases 
by both reviewers.
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Although quantification of estimated cancer risk from 
CT scans is a controversial way of expressing the CT dose 
concerns, it has been estimated that between 0.7% and 
2.0% of new cancer cases in the United States may be 
solely attributable to CT scanning3,10. Based on the fact 
that there are approximately 1.5 million new cancer cases 
in the United States each year, CT might be the cause of 
10 000 to 30 000 new cancers annually. Thus, the need for 
standardization, optimization, and stringent adherence to 
ALARA (“as low as reasonably achievable”) principles is 
of utmost importance. Nonetheless, even recent publica-
tions indicate that there is substantial variance of doses 
applied for the same types of CT procedures on different 

scanners and at different institutions as well as significant 
potential for reducing radiation dose in routine CT exami-
nations11,12. A multicentric study from California showed a 
great deal of variance with a 20-fold difference across ef-
fective doses applied at routine head MDCT scans among 
four institutions: median of 2 mSv with absolute range of 
0.3 – 6 mSv (ref.11).

In the past three decades, various dose reduction strat-
egies have been implemented by CT scanner manufac-
turers such as automated tube current modulation, peak 
kilovoltage optimization, x-ray shutters for over-ranging, 
high pitch scanning, adaptive noise filtering, increasing 
detector efficiency and so forth13-15. Although some of 

Fig. 2. Scans of suboptimal / limited diagnostic quality acquired in the same 88-year-old female who entered the study twice. 
Both FBP (A and B; CTDIvol = 33.70 mGy) and IRIS scans (C and D; CTDIvol = 21.69 mGy) show increased image noise level, 
indistinct delineation between normal and altered white matter, and arteficially increased attenuation at the interface between the 
skull and cerebral surface. In terms of image quality, the FBP scans (A and B) were rated 3 by both reviewers and IRIS scans (C 
and D) were rated 3 and 4 by respective reviewers. Still, the extent of chronic ischaemic changes including the lesion within the 
left anterior limb internal capsule can be appreciated in both scans.
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these tools enabled dose savings of the order of tens of 
percent, the overall radiation load to the population has 
not begun to taper1,3. This can be easily explained by the 
fact that all those radiation dose reduction measures still 
do not outweigh the rapidly growing number of CT pro-
cedures.

The most straightforward approach to lowering CT 
dose is an overall reduction of tube current and, if pos-
sible, of tube kilovoltage. Recently introduced techniques 
of iterative CT image reconstruction benefit from inher-
ent low image noise levels and have already proved their 
ability to decrease radiation exposure by tens of percent 
compared to standard FBP (ref.5,6). Since 2009, multi-
ple studies have confirmed the ability of IR to achieve 
robust image quality with up to 60% dose reduction in 
abdominal, chest, cardiac, vascular, and colon MDCT 
studies5,6,16-24.

Head CT examinations are of the most common of 
CT indications. In the United States, CT head scans rep-
resent the second most common indication for CT and 
constitute 28.4% of all CT examinations, surpassed by 
only abdominal/pelvic CT studies with 31.7% of the to-
tal1,7. It is therefore surprising that much less attention 
has been attracted to the dose reducing potential of IR in 
head CT rather than in body CT examinations, notwith-
standing the considerable radiosensitivity of the eye lens. 
This was also one of the major reasons why we decided 
to perform this study. 

Only recently, first few papers on the use of IR in head 
MDCT have been published25-28. Three of the four studies 
dealt with the use of adaptive statistical iterative recon-
struction (ASIR). ASIR is not a pure iterative reconstruc-
tion technique as it utilizes FBP for calculating an initial 
image data set in order to speed up the reconstruction 
process. Then, iterative algorithms are applied to this data 
set in order to reduce image noise. In clinical practice, one 

can use variably blended images with individually adjusted 
ratios of FBP and ASIR techniques.

In the study of Ren et al.25, forty patients received two 
complete non-helical brain MDCT studies in a single ses-
sion, one using 300 mAs and one 200 mAs of fixed tube 
current – time product. No significant differences in im-
age qualities were found between the FBP reconstruction 
technique with 300 mAs and 50% ASIR blending with 
200 mAs. Except for CTDIvol and DLP, no radiation 
dose parameters were evaluated. The major disadvantage 
of this study is the fact that all subjects underwent two 
complete CT head scans in one session thus contradicting 
the ALARA principles.

Kilic et al.26 retrospectively evaluated 149 adult non-
helical head MDCT scans divided into two groups, stan-
dard (FBP) and low (ASIR) dose. They used a fixed blend 
of 70% FBP and 30% ASIR in the low dose group and 
achieved effective dose reduction of 31% (1.6 mSv with 
ASIR) compared to standard dose group (2.3 mSv with 
FBP). The effective dose was estimated by multiplying 
DLP by a conversion factor of 0.0021. No significant dif-
ference in diagnostic acceptability and artifacts was noted 
between groups. For posterior fossa scanning, 140 kVp 
tube voltage was used which lead to high CTDIvol values 
in both standard dose (93.49 mGy) and low dose (69.14 
mGy) groups, thus increasing the radiation load near/in 
the area of the eye lens. However, no eye lens dose calcula-
tions or measurements were provided.

Rapalino et al.27 compared 50 helical head MDCT 
scans reconstructed with FBP (120 kV; 175 mAs with 
fixed tube current, CTDIvol of 66.51 mGy) and 100 
reduced-dose scans (120 kV; 140 mAs with fixed tube 
current; CTDIvol of 49.70 mGy) reconstructed at six pre-
defined levels of ASIR blended with FBP. The effective 
dose was estimated by multiplying DLP by a conversion 
factor of 0.0021 and yielded 2.66 mSv for higher dose 

Table 1. Comparison of radiation exposure parameters between groups of FBP and IRIS scans.

FBP (n=200) IRIS (n=200) % reduction 

CTDIvol [mGy] 33.3 ± 2.1 22.4 ± 1.6 - 32.7%
DLP [mGy.cm] 589.7 ± 64.2 396.2 ± 41.4 - 32.8%
Effective dose [mSv] 1.47 ± 0.26 0.98 ± 0.15 - 33.3%
Organ dose to the lens [mGy] 40.0 ± 3.3 26.6 ± 2.0 - 33.5%

Values are expressed as mean ± standard deviation. FBP = filtered back projection; IRIS = iterative reconstruction in image space; CTDIvol = 
volume computed tomography dose index; DLP = dose length product

Table 2. Results of qualitative image analysis for readers 1 and 2.

FBP (n=200) IRIS (n=200)
Visual score Reader 1 Reader 2 Reader 1 Reader 2

1 0 0 0 0
2 180 177 165 168
3 20 22 34 32
4 0 1 1 0
5 0 0 0 0

FBP = filtered back projection; IRIS = iterative reconstruction in image space. Visual scores: 1 = very low noise, optimal diagnostic quality; 
2 = standard noise, good diagnostic quality; 3 = increased noise, diagnostic quality; 4 = high level noise, limited diagnostic quality; 5 = unaccept-
able noise, non-diagnostic scan.
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scans and 1.95 mSv for lower dose scans, respectively. 
Signal-to-noise ratios of the reduced-dose scans were sig-
nificantly higher at ASIR levels of ≥60% compared to rou-
tine-dose FBP scans. Also, contrast-to-noise ratios were 
significantly higher at ASIR levels of ≥40%. Significant 
improvements in perceived image noise, artifacts, and 
grey-white matter differentiation were noted at ASIR lev-
els ≥60%.

All three  studies dealt with blended FBP and IR 
techniques (ASIR). The only head MDCT study using a 
reconstruction algorithm based purely on IR techniques 
is the study of Korn et al.28, utilizing iterative reconstruc-
tion in image space (IRIS). Ninety consecutive patients 
were randomly assigned to undergo helical brain MDCT 
reconstructed with both FBP and IRIS, using either stan-
dard dose (320 mAs; CTDIvol 60.1 mGy), 15% (275 
mAs; CTDIvol 51.8 mGy), or 30% dose reduction (225 
mAs; CTDIvol 42.3 mGy). The effective dose which was 
estimated by multiplying DLP by a conversion factor 
of 0.0023 yielded 2.2 mSv, 1.8 mSv, and 1.5 mSv in re-
spective categories. IR resulted in lower image noise and 
higher contrast-to-noise levels at all dose levels. Image 
quality and overall diagnostic acceptability were consid-
ered significantly lower at 30% dose reduction. Based on 
linear regression analysis, the authors state that standard 
contrast-to-noise levels may be obtained at about 20% dose 
reduction when IR is used.

None of these four IR based MDCT head studies 
utilized automatic tube current modulation or provided 
measurements of organ dose to the eye lens. But in fact, 
it is the eye lens which is the most endangered organ 
in terms of radiation damage in adult CT head scans. 
Compared to sequential (non-helical) CT acquisitions 
aligned with orbito-meatal line where the eye lens might 
be excluded from direct irradiation due to proper gantry 
tilt, helical CT acquistions expose the lens to the primary 
beam much more frequently since gantry tilt is often lim-
ited or even not allowed in many helical MDCT systems. 
Moreover, based on recent epidemiological evidence, the 
International Commission on Radiological Protection 
(ICRP) issued a new statement in April 2011 lowering 
the threshold in absorbed dose for the lens of the eye from 
2.0 Gy to 0.5 Gy in order to reduce the risk of radiation 
induced cataract development29.

The potential of dose savings in head MDCT utiliz-
ing just iterative reconstruction has recently been shown 
in the aforementioned studies25-28 where the researchers 
reached effective dose reduction ranging from approxi-
mately 20 to 33% compared to standard protocols. None 
of these studies included more than 150 subjects or dealt 
with eye lens dose measurements.

The results of our clinical study with a total of 400 sub-
jects included offer the first clinical observations of com-
bining iterative reconstruction algorithm with automatic 
tube current modulation in order to further reduce both 
the effective and particularly organ dose to the eye lens in 
helical head MDCT scans. Our routine institutional FBP 
protocols utilize carefully reduced reference mAs settings 
together with automatic tube current modulation in order 

to fulfill ALARA objectives while maintaining accept-
able image quality. Compared to European Commission 
Quality Criteria for MDCT (ref.30) which set CTDIvol 
of 60 mGy as a reference standard for head scans, our 
FBP protocols alone offer 44% dose reduction against the 
standard of reference (CTDIvol of 60 versus 33.3 mGy). 
Further, if we add the synergic effect of the iterative re-
construction in image space, the resulting dose reduction 
yields 63% against the reference standard (CTDIvol of 60 
versus 22.4 mGy). 

Despite the fact that the eye lens was exposed to the 
primary beam virtually in all subjects of our study, the 
average organ dose to the eye lens (26.6 mGy) remained 
19 times lower than the new strict threshold of 500 mGy 
for absorbed dose as stated by ICRP standards29. These 
results are already comparable to average eye lens dose 
achieved in non-helical CT scans performed in tilted axial 
mode: 18.1 ± 7.6 mGy with automatic tube current modu-
lation switched off and 15.6 ± 4.2 mGy with automatic 
tube current modulation switched on12.

This is also the first study on patients in routine clini-
cal settings, based on eye lens dose calculations in head 
MDCT protocols utilizing IR algorithms. Both effec-
tive and eye lens doses were calculated by a numerical 
model (ImPACT software). In a limited number of sub-
jects, we attempted to calibrate the data acquired from 
a mathematical model  using direct thermoluminiscent 
dosimetry. The results of direct eye lens dose measure-
ments were even 15% (FBP) or 14% (IRIS) lower than 
numerical simulations provided by the dedicated software. 
Considering the remarkably different ways of obtaining 
organ dose values between these two methods, the dif-
ference of the order of 15% seems rather low if we take 
into account the methodological disparity of the two ap-
proaches. The observed difference might be attributed to 
the fact that the eye lens exposure dramatically changes 
during the x-ray tube rotation: the eye lens is exposed to 
maximum dose input in a range of anteroposterior projec-
tions whereas in posteroanterior directions the x-ray beam 
is markedly attenuated by calvarium and skull base before 
it reaches the eye lens. This effect may show a great deal 
of interindividual variability due to unequal calvarium 
thickness, actual cut plane orientation (e.g. whether the 
plane containing the lens also includes the pyramids) and 
so forth. Therefore, it is virtually impossible to build a 
precise mathematical model for eye lens dose estimations. 
Nevertheless, our calcuated and measured organ doses 
did not differ remarkably, thus suggesting clinically ac-
ceptable accuracy of the numerical model.

The achieved effective and organ doses in our study 
population are at the very low end of published rang-
es1,11-12,25-28. Albeit undoubtedly beneficial from the radia-
tion safety point of view, the study might have limitations, 
namely decreased image quality and the inferior diagnos-
tic performance of such scans. Due to inherently unfavor-
able intracranial signal-to-noise ratios, minor attenuation 
differences between grey and white matter, and shielding 
of brain tissue by the skull bones, head CT scans generally 
require high-dose protocols set up for boosting contrast-to-
noise ratios. For example, a classic neuroradiologic issue 
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of acute ischaemia detection requires exceptional image 
quality in order to identify subtle differences in grey mat-
ter attenuation. On the contrary, the vast majority of non-
urgent head CT scans are for much less demanding issues 
in terms of contrast-to-noise ratios, such as detection of 
space occupying lesions, lacunar infarctions, calcifica-
tions, acute haemorrhage, or assessment of ventricles/
subarachnoid CSF spaces. The same applies to almost 
all follow-up CT studies. The protocols presented in our 
study were set up and used in non-emergency cases only. 
It should be mentioned that our institutional emergency 
head CT protocols are based on higher mAs settings and 
solely on FBP algorithms in order to reduce the recon-
struction time to minimum.

Although there was a slight, yet statistically signifi-
cant decrease in signal-to-noise ratios in IRIS scans, the 
analysis of subjective image quality perception showed 
no significant differences between FBP and IRIS groups. 
Of 400 scans, only two scans (0.5%) were rated as of 
limited diagnostic quality. It is debatable whether such 
degree of dose reduction might theoretically result in 
impaired diagnostic performance, however, this problem 
is beyond the scope of our study and will require future 
intraindividual comparative studies in large cohorts of 
patients. Nevertheless, 99.5% of scans were considered 
to be of adequate image quality and our reduced dose 
IRIS protocol became a routine non-emergency head CT 
protocol. Also, we have not encountered a clinical case of 
incorrect or incomplete CT diagnosis which might have 
been attributable to insufficient diagnostic value of these 
low dose head CT scans.

In conclusion, our results show that combination of 
dose reducing strategies, namely iterative image recon-
struction and automatic tube current modulation, is ca-
pable of significant radiation dose reduction, particularly 
in terms of organ dose delivered to the eye lens which is 
several times more radiosensitive than previously thought. 
The synergic effect of both techniques allowed us to rou-
tinely obtain non-emergency helical head MDCT scans 
with only 37% of the radiation dose set as a reference 
standard for head scans. The average organ dose to the eye 
lens achieved with our protocol is already comparable to 
organ dose achieved in standard non-helical MDCT scans 
performed in tilted axial mode where the eye lens is not 
exposed to the primary beam.

ACKNOWLEDGMENTS

The authors want to thank Sean Kearns (Dumfries and 
Galloway Royal Infirmary, Dumfries, United Kingdom) 
for his comments and diligent revision of the manuscript.

CONFLICT OF INTEREST STATEMENT

The authors state that there are no conflicts of interest 
regarding the publication of this article.

REFERENCES

 1. Mettler FA Jr, Bhargavan M, Faulkner K, Gilley DB, Gray JE, Ibbott 
GS, Lipoti JA, Mahesh M, McCrohan JL, Stabin MG, Thomadsen BR, 
Yoshizumi TT. Radiologic and nuclear medicine studies in the United 
States and worldwide: frequency, radiation dose, and comparison 
with other radiation sources 1950–2007. Radiology 2009;253:520-31.

 2. Kalra MK, Maher MM, Toth TL, Hamberg LM, Blake MA, Shepard JA, 
Saini S. Strategies for CT radiation dose optimization. Radiology 
2004;230:619-28.

 3. Brenner DJ, Hall EJ. Computed tomography: an increasing source of 
radiation exposure. N Engl J Med 2007;357:2277-84.

 4. Rockmore AJ, Macovski A. A maximum likelihood approach to 
emission image reconstruction from projections. IEEE Trans Nucl 
Sci 1976;23:1428-32.

 5. Leipsic J, Labounty T, Heilbron B, Min JK, Mancini GB, Lin FY, Taylor C, 
Dunning A, Earls JP. Estimated radiation dose reduction using adap-
tive statistical iterative reconstruction in coronary CT angiography: 
the ERASIR study. Am J Roentgenol 2010;195:655-60.

 6. Pontana F, Pagniez J, Flohr T, Faivre JB, Duhamel A, Remy J, Remy-
Jardin M. Chest computed tomography using iterative reconstruc-
tion vs filtered back projection (Part 1): evaluation of image noise 
reduction in 32 patients. Eur Radiol 2011;21:636-43.

 7. Schauer DA, Linton OW. NCRP report no. 160, ionizing radiation ex-
posure of the population of the United States, medical exposure: are 
we doing less with more, and is there a role for health physicists? 
Health Phys 2009;97:1-5.

 8. Larson DB, Johnson LW, Schnell BM, Salisbury SR, Forman HP. 
National trends in CT use in the emergency department: 1995 – 
2007. Radiology 2011;258:164-73.

 9. United Nations Scientific Committee on the Effects of Atomic 
Radiation Sources and effects of ionizing radiation. Medical radia-
tion exposures, annex A. New York: United Nations; 2010.

 10. Sodickson A, Baeyens PF, Andriole KP, Prevedello LM, Nawfel RD, 
Hanson R, Khorasani R. Recurrent CT, cumulative radiation exposure, 
and associated radiation-induced cancer risks from CT of adults. 
Radiology 2009;251:175-84.

11. Smith-Bindman R, Lipson J, Marcus R, Kim KP, Mahesh M, Gould R, 
Berrington de González A, Miglioretti DL. Radiation dose associ-
ated with common computed tomography examinations and the 
associated lifetime attributable risk of cancer. Arch Intern Med 
2009;169:2078-86.

12. Tan JSP, Tan KL, Lee JCL, Wan CM, Leong JL, Chan LL. Comparison of 
eye lens dose on neuroimaging protocols between 16- and 64-sec-
tion multidetector CT: achieving the lowest possible dose. AJNR Am 
J Neuroradiol 2009;30:373-7.

13. McCollough CH, Bruesewitz MR, Kofler JM. CT dose reduction 
and dose management tools: overview of available options. 
Radiographics 2006;26:503-12.

14. Schindera ST, Nauer C, Treier R, Trueb P, von Allmen G, Vock P, Szucs-
Farkas Z. Strategien zur Reduktion der CT-Strahlendosis. Radiologe 
2010;50:1120-7.

15. Smith B, Dillon WR, Gould R, Wintermark M. Radiation dose-re-
duction strategies for neuroradiology CT protocols. AJNR Am J 
Neuroradiol 2007;28:1628-32.

16. Singh S, Kalra MK, Hsieh JA, Licato PE, Do S, Pien HH, Blake MA. 
Abdominal CT: comparison of adaptive statistical iterative and 
filtered back projection reconstruction techniques. Radiology 
2010;257:373-83.

17. Prakash P, Kalra MK, Ackman JB, Digumarthy SR, Hsieh J, Do S, 
Shepard JA, Gilman MD. Diffuse lung disease: CT of the chest with 
adaptive statistical iterative reconstruction technique. Radiology 
2010;256:261-9.

18. Leipsic J, LaBounty TM, Heilbron B, Min JK, Mancini GB, Lin FY, Taylor 
C, Dunning A, Earls JP. Adaptive statistical iterative reconstruction: 
assessment of image noise and image quality in coronary CT angi-
ography. AJR Am J Roentgenol 2010;195:649-54.

19. Sagara Y, Hara AK, Pavlicek W, Silva AC, Paden RG, Wu Q. Abdominal 
CT: comparison of lowdose CT with adaptive statistical iterative re-
construction and routine-dose CT with filtered back projection in 
53 patients. AJR Am J Roentgenol 2010;195:713-9.

20. Flicek KT, Hara AK, Silva AC, Wu Q, Peter MB, Johnson CD. Reducing 
the radiation dose for CT colonography using adaptive statisti-



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2014 Jun; 158(2):265-272.

272

cal iterative reconstruction: a pilot study. AJR Am J Roentgenol 
2010;195:126-31.

21. Mitsumori LM, Shuman WP, Busey JM, Kolokythas O, Koprowicz KM. 
Adaptive statistical iterative reconstruction versus filtered back pro-
jection in the same patient: 64 channel liver CT image quality and 
patient radiation dose. Eur Radiol 2012;22:138-43.

22. Leipsic J, Nguyen G, Brown J, Sin D, Mayo JR. A prospective eval-
uation of dose reduction and image quality in chest CT using 
adaptive statistical iterative reconstruction. AJR Am J Roentgenol 
2010;195:1095-9.

23. Singh S, Kalra MK, Gilman MD, Hsieh J, Pien HH, Digumarthy SR, 
Shepard JA. Adaptive statistical iterative reconstruction technique 
for radiation dose reduction in chest CT: a pilot study. Radiology 
2011;259:565-73.

24. Cornfeld D, Israel G, Detroy E, Bokhari J, Mojibian H. Impact of adap-
tive statistical iterative reconstruction (ASIR) on radiation dose and 
image quality in aortic dissection studies: a qualitative and quantita-
tive analysis. AJR Am J Roentgenol 2011;196:W336-40.

25. Ren Q, Dewan SK, Li M, Li J, Mao D, Wang Z, Hua Y. Comparison of 
adaptive statistical iterative and filtered back projection reconstruc-
tion techniques in brain CT. Eur J Radiol 2012;81:2597-601.

26. Kilic K, Erbas G, Guryildirim M, Arac M, Ilgit E, Coskun B. Lowering the 

dose in head CT using adaptive statistical iterative reconstruction. 
AJNR Am J Neuroradiol 2011;32:1578-82.

27. Rapalino O, Kamalian S, Kamalian S, Payabvash S, Souza LC, Zhang 
D, Mukta J, Sahani DV, Lev MH, Pomerantz SR. Cranial CT with adap-
tive statistical iterative reconstruction: improved image quality with 
concomitant radiation dose reduction. AJNR Am J Neuroradiol 
2012;33:609-15.

28. Korn A, Fenchel M, Bender B, Danz S, Hauser TK, Ketelsen D, Flohr 
T, Claussen CD, Heuschmid M, Ernemann U, Brodoefel H. Iterative 
reconstruction in head CT: image quality of routine and low-dose 
protocols in comparison with standard filtered back-projection. 
AJNR Am J Neuroradiol 2012;33:218-24.

29. International Commission on Radiological Protection Statement 
on tissue reactions. International Commission on Radiological 
Protection, ref 4825-3093-1464, Seoul; 2011. Available from: https://
rpop.iaea.org/RPOP/RPoP/Content/Documents/Whitepapers/ICRP-
statements-tissue-reactions.pdf. Accessed 2013 May 20.

30. European Commission. European Guidelines on Quality Criteria 
for Computed Tomography. European Commission, EUR 16262, 
Brussels; 2004. Available from: http://www.msct.eu/CT_Quality_
Criteria.htm. Accessed 2013 June 3.


