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BACKGROUND AND PURPOSE: To safeguard patient health, there is great interest in CT radiation-dose
reduction. The purpose of this study was to evaluate the impact of an iterative-reconstruction
algorithm, ASIR, on image-quality measures in reduced-dose head CT scans for adult patients.

MATERIALS AND METHODS: Using a 64-section scanner, we analyzed 100 reduced-dose adult head CT
scans at 6 predefined levels of ASIR blended with FBP reconstruction. These scans were compared
with 50 CT scans previously obtained at a higher routine dose without ASIR reconstruction. SNR and
CNR were computed from Hounsfield unit measurements of normal GM and WM of brain paren-
chyma. A blinded qualitative analysis was performed in 10 lower-dose CT datasets compared with
higher-dose ones without ASIR. Phantom data analysis was also performed.

RESULTS: Lower-dose scans without ASIR had significantly lower mean GM and WM SNR (P � .003)
and similar GM-WM CNR values compared with higher routine-dose scans. However, at ASIR levels
of 20%–40%, there was no statistically significant difference in SNR, and at ASIR levels of �60%, the
SNR values of the reduced-dose scans were significantly higher (P � .01). CNR values were also
significantly higher at ASIR levels of �40% (P � .01). Blinded qualitative review demonstrated
significant improvements in perceived image noise, artifacts, and GM-WM differentiation at ASIR
levels �60% (P � .01).

CONCLUSIONS: These results demonstrate that the use of ASIR in adult head CT scans reduces image
noise and increases low-contrast resolution, while allowing lower radiation doses without affecting
spatial resolution.

ABBREVIATIONS: ACR � American College of Radiology; ASIR � Adaptive Statistical Iterative
Reconstruction; CNR � contrast-to-noise ratio; CTDIvol � volume CT dose index; DLP � dose-
length product; ED � effective dose; FBP � filtered back-projection; GM � gray matter; HU �
Hounsfield unit; lp � line pair

The use of CT is increasing rapidly at a rate of approximately
10% per year, and �68 million CT studies were performed

in the United States during 2008.1-3 The foremost concern
with the increasing use of CT technology is the associated dose
of ionizing radiation and the potential risk of cancer develop-
ment later in life.1 The situation is even more worrisome in the
pediatric population, which is at greater risk than adults from
a given dose of radiation.1 However, dose reduction in CT is
hindered by the increased image noise in lower radiation-dose
protocols by using the current FBP reconstructions.

CT imaging demands the development of more efficient
reconstruction techniques to diminish radiation dose. Itera-
tive reconstruction techniques promise to drastically reduce
image noise and artifacts, thereby allowing significant dose
reduction. Most of these techniques are computationally in-
tensive and require long reconstruction times. The most com-
prehensive iterative-reconstruction algorithm models the sys-
tem optics by taking into account the finite size of the pixel and

the focal spot as well as the shape and size of the detector-cell
spacing. In addition, it also models the photon statistics in
x-ray attenuation. ASIR (GE Healthcare, Chalfont St. Giles,
UK) is a modified iterative-reconstruction technique that is
time-efficient and already clinically available. It models the
photon statistics in x-ray attenuation but does not model the
system optics. Thus, it is more computationally complex than
FBP but considerably less computationally complex than
more comprehensive iterative-reconstruction methods.3 This
technique produces significant noise reduction that poten-
tially improves image quality and allows reduction in radia-
tion dose. High levels of ASIR processing create image texture
(smooth appearance) and noise characteristics unfamiliar to
radiologists.3,4 In clinical practice, one can use variably
blended images created with FBP and ASIR techniques to pro-
duce different levels of ASIR.

The purpose of this study was to evaluate the impact of
ASIR on both qualitative and quantitative measures of image
quality in reduced-dose head CT scans for adult patients. Our
hypothesis was that the use of ASIR decreases CT image noise
resulting in increased SNR and CNR ratios as well as improved
qualitative scores of contrast resolution without compromis-
ing spatial resolution. We evaluated its effect on quantitative
and qualitative measures of brain image quality in adult re-
duced-dose head CT scans at multiple ASIR levels in compar-
ison with regular-dose CT studies.
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Materials and Methods

Patient Selection
Institutional review board approval was obtained for this retrospec-

tive analysis of CT datasets, and Health Insurance Portability and

Accountability Act�compliant practices were used during this study.

We selected 100 consecutive non-contrast reduced-dose adult head

CT studies performed during April and May 2009 for all indications

by using a 64-section Discovery CT750HD CT scanner (GE Health-

care) with ASIR reconstruction capability. These were compared with

50 consecutive regular-dose adult head CT scans obtained on the

same scanner during March 2009 before the availability of ASIR. A

total of 150 CT scans were obtained from 140 patients. Ten patients

had scans with reduced- and regular-dose techniques.

Image Acquisition
One hundred scans obtained on the ASIR-capable scanner were ac-

quired by using a reduced-dose protocol. Imaging parameters for

these studies were as follows: 120 kV, fixed tube current of 200 mA

(140 mAs), pitch of 0.531:1, table speed of 10.62, gantry rotation

speed of 0.7 seconds, CTDIvol of 49.7 mGy (reported on the scanner

console), FOV of 22 cm, and matrix of 512 � 512. The scanning raw

data were used for FBP (standard kernel) reconstruction, which was

blended with varying degrees of the ASIR algorithm (0%, 20%, 40%,

60%, 80%, and 100%). This blending is a linear combination of FBP

and ASIR images, depending on the percentage of ASIR chosen (eg,

30% ASIR would be a blend of 30% ASIR and 70% FBP images). The

50 head CTs performed on the same scanner before ASIR availability

were performed at a relatively higher radiation dose in keeping with

our routine clinical protocols with imaging parameters as follows: 120

kV, fixed tube current of 250 mA (175 mAs), pitch of 0.531:1, table

speed of 10.62, gantry rotation speed of 0. 7 seconds, CTDIvol of 66.51

mGy, FOV of 22 cm, and matrix of 512 � 512 with a standard FBP

kernel. Images were reconstructed as 5-mm-thick contiguous

sections.

CT Radiation-Dose Calculation
The CTDIvol of a single CT section of both protocols (low and higher

routine doses) was reported on the basis of scanner output (dose

report), which is a fixed number when a fixed tube current is used in

the protocol. The average DLP, calculated as the CTDIvol multiplied

by the scan length (section thickness � number of sections) in centi-

meters was also reported. The ED DLP can be estimated from the

DLP, which is reported on most CT systems: ED (mSv) � k � DLP.

The conversion factor (k) for adult head is 0.0021.5

Phantom Study
A phantom study was performed independently from the assessment

of clinical CT scans. The effect of ASIR on image noise, low contrast

resolution, and high contrast resolution was evaluated by using an

ACR CT phantom following recommended guidelines.6,7 Phantom

raw data were acquired by using FBP reconstruction (with a standard

kernel) blended with varying degrees of ASIR algorithm (0%–100%,

10 blending levels) by using reduced-dose and higher routine radia-

tion dose CT protocols. CNR was assessed quantitatively following

ACR guidelines.6,7 CNR measurements were compared between the

reduced-dose and routine higher-dose protocols and among different

ASIR levels. We also qualitatively assessed high contrast resolution

comparing the identification of high-resolution bar patterns between

the reduced-dose and routine higher radiation dose groups and with

different levels of ASIR. This blinded assessment was performed by 2

experienced neuroradiologists (M.H.L. and S.R.P.).

Clinical CT Dataset Analysis
CT attenuation measurements were acquired by using circular

ROIs placed in normal deep GM (lentiform nucleus) and adjacent

normal WM structures (internal capsule) by using soft-tissue al-

gorithm brain images. ROIs were slightly adjusted to fit the mea-

sured anatomic structure to avoid volume-averaging artifacts.

SNR, defined as mean attenuation (in Hounsfield units) divided

by the SD8 was calculated for each ROI. We calculated CNR, de-

fined as the difference in mean attenuation for 2 regions divided by

the square root of the sum of their variance,8 comparing GM with

adjacent WM (GM-WM CNR). The ratio of the intensity of a

signal to the intensity of the noise (SNR) indicates the quality of

the signal intensity within an anatomic region, and CNR indicates

the capability of differentiating tissues of different electron atten-

uation in relation to the background noise.

The qualitative analysis was performed in 10 cases that had head

CT studies by using both reduced- and regular-dose techniques.

Anonymized image datasets were created at 0%, 30%, 60%, and

100% ASIR levels. The blinded qualitative visual analysis of these

datasets was performed by 2 experienced board-certified neuroradi-

ologists (O.R. and S.R.P). The reviewers were blinded to the radiation

dose and reconstruction algorithm. Evaluation parameters and the

5-point grading system are summarized in Table 1.

Statistical Analysis
ANOVA was used to determine statistical significance among the re-

duced-dose subgroups at each ASIR level and for determination of the

statistical significance of differences in SNR and CNR measurements

between the routine higher-dose non-ASIR datasets and the reduced-

dose datasets at each ASIR level. A nonparametric Kruskal-Wallis test

was used to determine statistical significance for the qualitative anal-

ysis data (Table 2).

All values were expressed as means � standard error of the mean.

STATA software Version 10.0 (StataCorp, College Station, Texas) was

used for statistical analysis.

Results

Patient Demographics
A total of 150 adult patients were included; 100 were scanned
by using a reduced-dose head CT protocol (mean age, 64 �
1.69 years; range, 21–93 years; 39 men, 61 women), and 50

Table 1: Evaluation parameters and 5-point grading system

Score

Im
age

N
oise

Scatter-Related
Artifacts

GM
-W

M
Differentiation

Visibility
of

Sm
allStructures

Im
age

Sharpness

1 Unacceptable Very poor
2 Above average Suboptimal
3 Average Acceptable
4 Less than average Above average
5 Minimal Excellent
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patients underwent routine higher-dose head CT scans as a
part of their clinical evaluation (mean age, 65 � 2.49 years;
range, 23– 89 years; 21 men, 29 women).

There was no significant difference in mean age (unpaired
t test, P � .35) between the groups.

CT Radiation Dose
The CTDIvol of a single CT section at 140 mAs (reduced-dose
group: fixed tube current of 200 mA at 0.7 s/rotation) and 175
mAs (routine higher-dose group: fixed tube current of 250 mA
at 0.7 s/rotation) was 49.07 and 66.51 mGy, respectively. The
average DLP and the ED at 140 mAs (reduced-dose protocol)
were 932.25 � 11.46 mGy.cm and 1.95 � 0.02 mSv; the same
values at 175 mAs (routine higher-dose protocol) were
1270.34 � 24.46 mGy.cm and 2.66 � 0.05 mSv, respectively
(Tables 3 and 4). The total dose in the reduced-dose group was
approximately 26.2% lower compared with the routine high-
er-dose protocol (based on CTDIvol).

Phantom Results
Noise measurements showed a gradual decrease in image
noise with higher ASIR levels with both protocols (reduced-
dose and higher routine radiation dose protocols) (Fig 1A).
Noise measurements at a 30%– 40% ASIR level with the re-
duced-dose technique were comparable with the higher rou-
tine radiation dose protocol without ASIR (Fig 1A). CNR pro-

gressively increased with higher ASIR levels in both the
reduced-dose and higher routine-dose groups. CNR values
were comparable between reduced-dose scans at 20%–30%
ASIR and routine higher-dose scans without ASIR. Reduced-
dose scans with �30% ASIR levels resulted in higher CNR in
comparison with routine higher-dose scans without ASIR (Fig
1B). For the assessment of high-contrast resolution, �7 lp/cm
bar patterns were resolved (higher than the required 5 lp/cm
bar pattern based on ACR CT phantom guidelines). There
were no differences in the identification of these high-con-
trast-resolution bar patterns between the reduced-dose (with
different levels of ASIR blending) and higher routine-dose
groups (Fig 2).

Clinical CT Dataset Analysis
Quantitative Assessment. The mean ROI area for GM and

WM was 38.85 � 1.25 mm2. The mean GM and WM attenu-
ation values for the reduced-dose group (140 mAs) were 34.5
and 24.2 HU, respectively, and for the routine higher-dose
group (175 mAs), they were 35.5 and 25.6 HU, respectively.

There was a significant increase in GM and WM SNR with
increasing ASIR levels in the reduced-dose subgroups (P �
.01, repeated-measures ANOVA) (Fig 3). GM-SNR and WM-
SNR increased from 6.61 � 0.11 and 5.06 � 0.11, respectively,
in the reduced-dose without ASIR subgroup to 16.87 � 0.52
and 11.81 � 0.39 in the reduced-dose with 100% ASIR sub-

Table 2: Summary of image-reconstruction subgroups and statistical analysis

Clinical CT Datasets Statistical Analysis for GM-SNR,
WM-SNR, and GM-WM CNRProtocol Image Reconstruction

Routine dose (n � 50) 100% FBP Control group

Dunnett multiple comparison test
Reduced dose (n � 100)

100% FBP

Repeated-measures ANOVA

80% FBP � 20% ASIR
60% FBP � 40% ASIR
40% FBP � 60% ASIR
20% FBP � 80% ASIR

100% ASIR

Table 3: Acquisition parameters of routine and lower-dose CT groups

Radiation Dose Reconstruction Technique CTDIvol (mGy)a DLP (mGy.cm) Effective Dose (mSv)
Regular dose (175 mAs) 100% FBP 66.51 1270.34 � 24.46 2.66 � 0.05

Lower dose (140 mAs)

100% FBP

49.7 932.25 � 11.46 1.95 � 0.02

20% ASIR � 80% FBP
40% ASIR � 60% FBP
60% ASIR � 40% FBP
80% ASIR � 20% FBP

100% ASIR
a Clinical scans were below the recommended ACR levels (CTDIvol) of 75 mGy.20

Table 4: Statistical differences (P values) between the regular- and lower-dose CT groups

Radiation Dose Reconstruction Technique

Quantitative Measurements (P values)

GM-SNR WM-SNR GM-WM CNR
Regular (175 mAs) 100% FBP Control group

100% FBP .003a .003a .4
20% ASIR � 80% FBP .649 .541 1

Lower-Dose (140 mAs) 40% ASIR � 60% FBP .302 .668 .03a

60% ASIR � 40% FBP �.0001a �.0001a �.0001a

80% ASIR � 20% FBP �.0001a �.0001a �.0001a

100% ASIR �.0001a �.0001a �.0001a

a Statistical significance between the lower-dose (with different ASIR/FBP levels) and regular-dose groups.
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group (P � .0001) (Fig 3). Mean GM-SNR and WM-SNR in
adult head CTs at 175 mAs (higher-dose) were 7.94 � 0.20 and
6.22 � 0.14, respectively, which were not significantly differ-
ent from the mean GM-SNR and WM-SNR of scans acquired
at 140 mAs (reduced-dose) with ASIR level of 20% and 40%
(ANOVA, Dunnett multiple comparison test). The SNR val-
ues in the routine higher-dose group were significantly lower
compared with reduced-dose scans with �60% ASIR blend-
ing (all P � .0001) and significantly higher when ASIR was not
applied in the reduced-dose group (all P � .003) (Tables 3 and
4).

There was a progressive increase in GM-WM CNR with

increasing ASIR levels in lower-dose subgroups (P � .0001,
repeated measures ANOVA). GM-WM CNR increased from
1.48 � 0.04 in the reduced-dose subgroup with 0% ASIR to
3.42 � 0.10 at 100% ASIR. Mean CNR between GM and WM
for routine higher-dose head CT studies was 1.61 � 0.05,
which was not significantly different from the values in the
reduced-dose CT subgroups with ASIR levels of 0% and 20%,
but it was significantly lower in comparison with the reduced-
dose subgroups with ASIR levels of �40% (all P � .0001) (Fig
3).

Qualitative Assessment. There was a significant decrease
in image noise and scatter-related artifacts when applying 60%

Fig 1. ACR phantom quantitative study.7 A, Noise-level comparison between lower-dose and routine higher-dose protocols at different ASIR levels. Lower dose (200 mA) images at an
ASIR level of 30% have image noise comparable with that of routine higher-dose (250 mA) scans without ASIR. B, CNR analysis. Lower-dose scans at an ASIR level of 20% have CNR
comparable with that of routine higher-dose scans without ASIR.

Fig 2. High-contrast-resolution assessment by using the ACR phantom.7 CT images obtained at a regular dose without ASIR (A), at a lower dose without ASIR (B), and at a lower dose
with 60% (C) and 100% (D) of ASIR blending demonstrate the effect of different ASIR levels and the lower-dose technique in comparison with the regular-dose technique on
high-contrast-resolution bar patterns. There are no apparent differences in the ability to discriminate individual bar patterns between these techniques.
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Fig 4. Examples of nonenhanced head CT images of an adult patient obtained at a regular dose without ASIR (A), a lower dose without ASIR (B), and a lower dose with 60% (C) and
100% (D) of ASIR.

Fig 3. Comparison of average SNR and CNR values between regular- and lower-dose (with variable ASIR) groups. GM-SNR (left), WM-SNR (middle), and GM-WM CNR (right) measurements
are plotted in the y-axis. The x-axis depicts the regular-dose group (without ASIR) and different lower-dose subgroups with increasing ASIR levels (0%–100%). Shaded areas demonstrate
equivalent average SNR and CNR values between the regular- and lower-dose groups.
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and 100% ASIR in the lower-dose group in comparison with
the regular- and lower-dose groups without ASIR (P � .0001).
A statistically significant increase in GM-WM differentiation
was noted when using ASIR levels of 60% and 100% in the
lower-dose group in comparison with the regular dose and
lower-dose groups without ASIR (P � .0001) (Fig 4). The
image-quality indices in the routine higher-dose group (175
mAs) were not significantly different from similar indices
from scans acquired at 140 mAs (reduced-dose group) with an
ASIR level of 30%.

Regarding the visibility of small anatomic structures and
image sharpness, there was no statistically significant differ-
ence between the lower- (independent of ASIR level) and reg-
ular-dose groups (Table 5).

Discussion
Iterative methods for reconstruction of CT data are not new,
and algebraic iterative-reconstruction algorithms were actu-
ally used in the first CT scanners.3,9,10 Mainly due to high
computational requirements (approximately 100-1000 times
in comparison with FBP algorithms),3 the iterative-recon-
struction algorithms were displaced after a few years by the
now widely available FBP methods. However, iterative-recon-
struction algorithms are very accurate and perform better than
the FBP methods in many cases,11-14 particularly when dealing
with a small number of projections or noisy datasets.12,15 Iter-
ative reconstruction algorithms have been used more com-
monly in SPECT and PET imaging.3

Recently, iterative-reconstruction algorithms have become
increasingly used in CT imaging due to continuous improve-
ments in computer hardware and software. The use of itera-
tive-reconstruction methods appears to result in significant
improvements in overall image quality and noise reduc-
tion.4,9,12-19 Our results demonstrate that the use of ASIR im-
proves measurements of SNR and CNR of GM and WM brain
structures in reduced-dose head CT scans for adult patients.
This effect appears to be related to the noise reduction pro-
duced by this type of iterative-reconstruction algorithm.9,12-19

These results were obtained with a commercially available CT
scanner with acquisition and postprocessing times similar to
those of routine FBP reconstructions on comparable multisec-
tion scanners.

The progressive decrease of quantum noise with CT images
acquired at progressively higher levels of ASIR blends results
in a more uniform appearance.12,15 Consequently, radiologists
may perceive these images as overly smooth or “painted,” with
concern that critical findings or fine anatomic features may be
obscured.4 These perceptions make the switch from FBP to
ASIR processing more difficult to accept. Based on our study

of adult clinical CT and phantom datasets, there was no ap-
parent compromise of high- and low-contrast resolution with
increasing ASIR levels by using a lower-dose technique in
comparison with regular-dose datasets (Fig 2).

Additional studies will be helpful for evaluation of the po-
tential effect of this type of iterative-reconstruction algorithm
on diagnostic performance, particularly at very high ASIR lev-
els, and for definition of an “optimal” level of ASIR effect,
particularly with different section thicknesses. Our findings
demonstrate that the use of ASIR levels of 20%– 40% on re-
duced-dose scans (26.2% of dose reduction) by using 5-mm
thick images results in quantitative and qualitative indices of
image quality comparable with regular-dose scans, and ASIR
levels of �40% on reduced-dose scans with similar section
thickness result in significant improvement of image-quality
indices and noise reduction in comparison with regular-dose
scans reconstructed with FBP algorithms.9,12-19 CT images
with moderate ASIR levels (eg, 60%) will show the expected
benefits of decreased image noise and increased contrast res-
olution while allowing a lower radiation dose without experi-
encing the more pronounced smoothing effect seen with
higher ASIR levels. Recent studies by using iterative-recon-
struction methods (including ASIR) in different anatomic lo-
cations have shown similar results with noise reduction and
improved image quality at lower radiation levels without com-
promising diagnostic accuracy.3,9,12-19

One of the limitations of this study is that the reduced-dose
and higher routine-dose clinical CT scans were not obtained at
the same scanning session due to the fact that these studies
were for diagnostic purposes. However, the scans were ac-
quired by using very similar techniques (with the exception of
the radiation dose). Another limitation was evident during the
qualitative assessment: The readers reviewing the imaging da-
tasets were blinded to the radiation dose and degree of ASIR
blending of the CT datasets. However, high ASIR levels have
an expected smoothing effect on the appearance of CT images,
limiting the blinded status of the readers.

Conclusions
ASIR can produce significant improvements in different qual-
itative and quantitative aspects of image quality in adult head
CT studies, while, at the same time, allowing a significant re-
duction in radiation exposure.
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Scatter-Related
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Differentiation
Visibility of Small

Structures
Image
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